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CAPABLE OF DETECTING HEARTRATE

(567)  The presentinvention discloses a heart rate de-
tection method used in an earphone and an earphone
capable of detecting heart rate. The method comprises:
providing a cavity inside the earphone and installing a
microphone in the cavity; a shell of the earphone is pro-
vided with a hole at a position where an opening of the
cavity clings to, and when the earphone is worn, the cavity
and the auricle which the hole clings to form an enclosed
space; collecting signals generated by pressure change

in the cavity by the microphone when the earphone is
worn; and detecting heart rate according to the signals
collected by the microphone. According to the technical
scheme of the invention, the microphone is placed in the
enclosed cavity formed by the cavity in the earphone and
the shell of the earphone, which reduces interference of
external noises, and reinforces signal information collect-
ed by the microphone.
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Description
TECHNICAL FIELD

[0001] The invention relates to the field of earphone
and heart rate detection technology, particularly to a
heart rate detection method used in an earphone and an
earphone capable of detecting heart rate.

DESCRIPTION OF RELATED ART

[0002] With the continuous development of social
economy, people’s material standard of living improves
with each passing day, and people are paying more at-
tention to their health. Heart rate detection will provide
very important information on health for people. Any dis-
play of abnormal heart rate will indicate a problem of
health, thus heart rate detection can find out whether or
not our body has a problem without delay. Heart rate
detection can also reflect to some extent whether or not
human’s motion intensity is appropriate. In order to
achieve the optimum effect of exercise, people should
keep their heart rate within a certain scope in the course
of exercise, and the heart rate detection can provide an
index for a reasonable amount of exercise.

[0003] In addition, lots of people like wearing an ear-
phone to listento music during exercise. In order to detect
the heart rate during exercise without the need to carry
around other devices, people start to study relevant tech-
nology of how to detect heart rate by using an earphone.
For heart rate detection technology, in addition to heart
rate belt, a technology of detecting heart rate by using
an earphone emerges at present to achieve the purpose
of convenience and accuracy.

[0004] The technology of detecting heart rate by using
an earphone just emerged in recent years. On October
23 to0 25, 2013, Kaiteki Corporation and Bifrostec Corpo-
ration exhibited a technology of detecting pulse fluctua-
tion by using an earphone at a health-equipment exhibi-
tion in Yokohama, Japan. The technology uses the ear-
phone closely clinging to the auditory meatus to form an
enclosed space, and a certain pressure will be generated
in the auditory meatus because of vibration of the ear-
drum, and the pressure will change with the change of
vibration. Information of the pressure change in the au-
ditory meatus will be collected by a microphone, thus the
purpose of detecting heart rate can be achieved. How-
ever, the earphone cannot occupy the entire auditory
meatus, which will cause a leak of the air in the auditory
meatus, and, as a result, the microphone cannot detect
the change of the pressure and the heart rate detection
will be interfered by external noises.

BRIEF SUMMARY OF THE INVENTION

[0005] Inview of aforesaid problem, the presentinven-
tion provides a heart rate detection method used in an
earphone and an earphone capable of detecting heart
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rate to overcome aforesaid problem or at least partly
solve aforesaid problem.

[0006] The presentinvention provides a heart rate de-
tection method used in an earphone. The method com-
prises: providing a cavity inside the earphone, and in-
stalling a first microphone in the cavity; the position where
an opening of the cavity clings to a shell of the earphone
is the position where the shell of the earphone clings to
an auricle of a wearer when the earphone is worn; the
earphone shell is provided with a hole at a position where
the opening of the cavity clings to, and when the ear-
phone is worn, the cavity and the auricle which the hole
clings to form an enclosed space; collecting signals gen-
erated by pressure change in the cavity by the first mi-
crophone when the earphone is worn; taking the signals
collected by the first microphone as signals related to
heart rate; and detecting heart rate according to the sig-
nals related to heart rate.

[0007] Optionally, the method further comprises: in-
stalling a second microphone in the earphone head of
the earphone; when the earphone is worn, collecting sig-
nals generated by an earphone loudspeaker in the ear-
phone head by the second microphone; performing self-
adaptive filtering process on the signals collected by the
second microphone to obtain first estimated signals of
the signals generated by the earphone loudspeaker in
the signals collected by the first microphone; and sub-
tracting the first estimated signals from the signals col-
lected by the first microphone to obtain the signals related
to heart rate.

[0008] Optionally, the method further comprises: in-
stalling a third microphone in the earphone at a position
where the earphone does not contact the skin of the wear-
er; when the earphone is worn, collecting the external
interference signals by the third microphone; performing
self-adaptive filtering process on the signals collected by
the third microphone to obtain second estimated signals
of external interference signals in the signals collected
by the first microphone; then taking the signals collected
by the first microphone as signals related to heart rate
comprising: subtracting the second estimated signals
from the signals collected by the first microphone to ob-
tain the signals related to heart rate; and subtracting the
first estimated signals from the signals collected by the
first microphone to obtain the signals related to heart rate
comprising: subtracting the first estimated signals and
the second estimated signals from the signals collected
by the first microphone to obtain the signals related to
heart rate.

[0009] The present invention also provides an ear-
phone capable of detecting heart rate, wherein the ear-
phone comprises: a heart rate detection unit, a cavity
provided in the earphone, and afirst microphone installed
in the cavity;

wherein the position where an opening of the cavity clings
to a shell of the earphone is the position where the shell
of the earphone clings to an auricle of a wearer when the
earphone is worn; the earphone shell is provided with a
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hole at a position where the opening of the cavity clings
to, and when the earphone is worn, the cavity and the
auricle which the hole clings to form an enclosed space;
the first microphone is used for collecting signals gener-
ated by pressure change in the cavity when the earphone
is worn; the signals collected by the first microphone are
taken as signals related to heart rate; and the heart rate
detection unit is used for detecting heart rate according
to the signals related to heart rate.

[0010] Optionally, the earphone also comprises: a first
subtractor, a first self-adaptive filtering unit, and a second
microphone installed in the earphone head of the ear-
phone; the second microphone, for collecting signals
generated by the earphone loudspeaker and outputting
the signals to the first self-adaptive filtering unit; the first
self-adaptive filtering unit, for performing self-adaptive
filtering process on the signals collected by the second
microphone according to the signals related to heartrate,
and after obtaining first estimated signals of the signals
generated by the earphone loudspeaker in the signals
collected by the first microphone, outputting the first es-
timated signals to the first subtractor; the first subtractor,
for subtracting the first estimated signals from the signals
collected by the first microphone, obtaining the signals
related to heart rate and outputting the signals to the heart
rate detection unit and the first self-adaptive filtering unit.
[0011] Optionally, the earphone also comprises: a sec-
ond subtractor, a second self-adaptive filtering unit, and
a third microphone installed in the earphone at a position
where the earphone does not contactthe skin ofthe wear-
er; the third microphone, for collecting the external inter-
ference signals and outputting the signals to the second
self-adaptive filtering unit when the earphone is worn;
the second self-adaptive filtering unit, for performing self-
adaptive filtering process on the signals collected by the
third microphone according to the signals related to heart
rate, after obtaining second estimated signals of external
interference signals in the signals collected by the first
microphone, outputting the second estimated signals to
the second subtractor; the second subtractor, for sub-
tracting the second estimated signals from the signals
collected by the first microphone, obtaining the signals
related to heart rate and outputting the signals to the heart
rate detection unit and the second self-adaptive filtering
unit; or for subtracting the second estimated signals from
the signals collected by the first microphone that have
subtracted the first estimated signals, obtaining the sig-
nals related to heart rate and outputting the signals re-
lated to heart rate to the heart rate detection unit, the
second self-adaptive filtering unit and the first self-adap-
tive filtering unit.

[0012] Ascanbe seenfrom the foregoing, the technical
scheme in the embodiment of the invention uses the en-
closed cavity formed by the cavity in the earphone and
the earphone shell to place the microphone, which re-
duces interference of external noises, and reinforces sig-
nal information collected by the microphone. The second
microphone is added to the earphone for collecting sig-
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nals generated by the earphone loudspeaker, and the
self-adaptive filter is designed to further eliminate the in-
fluence of the signals generated by the earphone loud-
speaker on heart rate detection. And the third micro-
phone is added to the earphone for collecting the external
interference signals, and the self-adaptive filter is de-
signed to further eliminate the influence of the external
interference signals on heart rate detection.

[0013] Above description is only a summary of the
technical scheme of the present invention. In order to
know the technical means of the present invention more
clearly so that it can be put into effect according to the
content of the description, and to make the aforesaid and
other purpose, features and advantages of the invention
clearer, the embodiments of the invention will be de-
scribed in further detail with reference to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0014]

Fig. 1is a structural diagram of an earphone capable
of detecting heart rate in the embodiment of the
present invention;

Fig. 2Ais alateral schematic diagram of an earphone
100 provided with a cavity 110 in an embodiment of
the present invention;

Fig. 2B is a back schematic diagram of an earphone
100 provided with a cavity 110 in an embodiment of
the present invention;

Fig. 2C is a lateral section view of an earphone 100
provided with a cavity 110 in an embodiment of the
present invention;

Fig. 3is a structural diagram of an earphone capable
of detecting heart rate in another embodiment of the
present invention;

Fig. 4 is a flowchart showing a heart rate detection
method used in an earphone in the embodiment of
the present invention;

Fig. 5is a structural diagram of an earphone capable
of detecting heart rate in the embodiment of the
present invention;

Fig. 6 is a diagram showing the installing position of
a second microphone in an embodiment of the
present invention;

Fig. 7 is a structural diagram of an earphone capable
of detecting heart rate in another embodiment of the
present invention;

Fig. 8 is a general structural diagram of a self-adap-
tive filter;

Fig. 9 is a flowchart showing a heart rate detection
method used in an earphone in the embodiment of
the present invention;

Fig. 10 is a structural diagram of an earphone capa-
ble of detecting heart rate in the embodiment of the
present invention;

Fig. 11 is a diagram showing the installing position
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of a third microphone in an embodiment of the
present invention;

Fig. 12 is a structural diagram of an earphone capa-
ble of detecting heart rate in another embodiment of
the present invention;

Fig. 13 is a flowchart showing a heart rate detection
method used in an earphone in the embodiment of
the present invention;

Fig. 14 is a structural diagram of an earphone capa-
ble of detecting heart rate in another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Theexemplary embodiments of the presentdis-
closure are described in further detail with reference to
the drawings below. Although the drawings show the em-
bodiments of the present disclosure, it should be under-
stood that the disclosure can be implemented in various
forms and is not intended to be limited by the embodi-
ments described here. On the contrary, the embodiments
are provided to make the invention understood more thor-
oughly and completely convey the scope of the disclo-
sure to a person skilled in the art.

[0016] Fig. 1 is a structural diagram of an earphone
capable of detecting heart rate in the embodiment of the
present invention. As is shown in Fig. 1, the earphone
100 capable of detecting heart rate comprises: a heart
rate detection unit 140, a cavity 110 provided in the ear-
phone, and a microphone 120 installed in the cavity 110;
Wherein the position where an opening of the cavity 110
clings to a shell of the earphone is the position where the
shell of the earphone clings to an auricle of a wearer
when the earphone is worn; the shell of the earphone is
provided with a hole at a position where the opening of
the cavity 110 clings to, and when the earphone is worn,
the cavity and the auricle which the hole clings to form
an enclosed space;

the microphone 120, for collecting signals generated by
pressure change in the cavity 110 when the earphone is
worn;

the heart rate detection unit 140, for detecting heart rate
according to the signals collected by the microphone 120.
[0017] In the earphone 100 capable of detecting heart
rate shown in Fig. 1, the small cavity 110 is provided in
the earphone 100 to place the microphone 120 and forms
an enclosed space with the auricle, which reduces inter-
ference of external noises, and reinforces signal infor-
mation collected by the microphone 120.

[0018] In an embodiment of the invention, the heart
rate detection unit 140, for detecting the cycle of the sig-
nals which are collected by the microphone and have
beenfiltered, and obtaining heart rate from the reciprocal
of the detected cycle of the signals.

[0019] In prior arts of earphone detecting heart rate,
the microphone is generally directly placed in the ear-
phone at a position just directed at the auditory meatus,
for collecting pressure change information in the ear cav-
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ity generated by vibration of the eardrum. But on the one
hand, since the space formed by the earphone and au-
ditory meatus is large, a leak of the air in the auditory
meatus will be caused, thus the pressure change infor-
mation collected by the microphone is very weak; on the
other hand, generally the earphone cannot occupy the
entire auditory meatus, thus there will be interference
from external noises if the microphone is directly placed
in the earphone. Therefore, for the earphone shown in
Fig. 1 of the invention, another way to install the micro-
phone is designed; see Fig. 2A-2C for specifics.

[0020] Fig.2Ais alateral schematic diagram of an ear-
phone 100 provided with a cavity 110 in an embodiment
of the present invention. Fig. 2B is a back schematic di-
agram of an earphone 100 provided with a cavity 110 in
an embodiment of the present invention. Fig. 2C is a lat-
eral section view of an earphone 100 provided with a
cavity 110 in an embodiment of the present invention. In
order to better collect useful signals related to heartbeat,
the present invention designs a small cavity for placing
the microphone. See Fig. 2A and Fig. 2B, the scope in
the dashed line shown in the figure shows the position
of the cavity 110 formed inside the earphone. See Fig.
2C, an opening of the cavity 110 clings to the earphone
shell. As can be seen, in the embodiment, the cavity 110
is at the edge of the earphone at a position close to the
auricle, and the earphone is provided with a hole 111 at
the position where the earphone clings to the cavity.
When the earphone is worn, the hole 111 tightly clings
to the auricle, thus the cavity 110 and the part of the
auricle that presses close to the cavity form an enclosed
space. The microphone is installed in the cavity 110, and
shrink and vibration of the auricle wall will cause change
of the pressure in the cavity 110, thus the microphone
will collect the pressure change information in the cavity
110. The information reflects the frequency of heartbeats
to some extent, thus heart rate can be detected hereby.
[0021] In physics, for an enclosed space (without re-
gard to temperature), intensity of pressure is inversely
proportional to volume. That is to say, the smaller the
volume, the larger the intensity of pressure, and the larger
the pressure acting on a certain area. When a user wears
the earphone, an enclosed space is formed in the audi-
tory meatus, and the fluctuation of pulse pressure of the
vessel will cause shrink of the ear wall, thus certain pres-
sure change will be generated in the cavity. The pressure
change signal will be detected by the microphone. Gen-
erally speaking, the fluctuation of pulse pressure of the
vessel is very weak. The larger the enclosed space, the
smaller the pressure change that can be detected by the
microphone. In order to enhance the intensity of the pres-
sure change detected by the microphone, the embodi-
ment installs the microphone in an enclosed small cavity
and the small cavity clings closely to the auditory meatus.
Since the fluctuation of pulse pressure of the vessel caus-
es shrink and vibration of the ear wall, the vibration makes
the microphone in the small cavity detect change of the
pressure. And the design of the small cavity will reduce
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the influence of external interference signals.

[0022] Fig. 3 is a structural diagram of an earphone
capable of detecting heart rate in another embodiment
of the present invention. As is shown in Fig. 3, the ear-
phone 300 capable of detecting heart rate comprises: a
filtering unit 330, a heart rate detection unit 340, a cavity
310 provided in the earphone, and a microphone 320
installed in the cavity 310;

Wherein the position where an opening of the cavity 310
clings to a shell of the earphone is the position where the
shell of the earphone clings to the auricle of a wearer
when the earphone is worn; the shell of the earphone is
provided with a hole at a position where the opening of
the cavity 310 clings to, and when the earphone is worn,
the cavity and auricle which the hole clings to form an
enclosed space;

the microphone 320, for collecting signals generated by
pressure change in the cavity 310 when the earphone is
worn, and outputting the corresponding signals to the
filtering unit 330. The filtering unit 330, for performing
filtering process on the signals collected by the micro-
phone 320, obtaining the filtered signals and outputting
the signals to the heart rate detection unit 340. Here the
filtering unit filters the signals collected by the micro-
phone 320 to eliminate the influence of the interfering
noise on heart rate detection. The heart rate detection
unit 340 is for detecting heart rate according to the filtered
signals.

[0023] In an embodiment of the invention, the heart
rate detection unit 340, for detecting the cycle of the sig-
nals related to heart rate, and obtaining heart rate from
the reciprocal of the detected cycle of the signals. For
example, the heart rate detection unit 340 can detect the
cycle of the signals related to heart rate by using auto-
correlation method and threshold value method, etc.
[0024] In an embodiment of the invention, the filtering
unit 330 shown in Fig. 3 comprises: a low pass filter, for
performing low pass filtering process on signals collected
by the microphone 320 to filter out high-frequency inter-
ference signal. This is because that the frequency of
pulse vibration is relatively low (0.3 Hz - 3Hz or so) while
the frequency of external noise is higher. According to
this feature, the influence of external high-frequency
noise can be eliminated via the low pass filter. For ex-
ample, the low pass filter can be an FIR filter of which
the cut-off frequency is 5Hz.

[0025] In the earphone shown in Fig. 3, the low pass
filter is adopted to perform low pass filtering process on
signals collected by the microphone. As is shown in Fig.
3, first the microphone in the small cavity is used for col-
lecting the pressure signals in the cavity; then the low
pass filter is used for performing low pass filtering on the
signals collected by the microphone; at last, after the
heart rate signal is obtained, heart rate can be detected.
The beat of heart has certain periodicity, thus heart rate
signal is a signal with certain periodicity. The cycle cor-
responding to the signal can be obtained according to
autocorrelation method, and the reciprocal of the cycle
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is heart rate.
[0026] The specific process is as follows:

Suppose the signal detected by the microphone is:
x(n) = y(n)+d(n); wherein y(n) represents interfer-
ence signal; d(n) represents the pressure change
signal generated by the flow of blood; and n repre-
sents sampling time point;

[0027] After low pass filtering, the signal of x(n) be-
comes: xL(n) =dL(n). The external noise signal collected
by the microphone will be filtered out after low pass fil-
tering. After dL(n) is obtained, according to the periodicity
characteristic of the signal, the cycle can be detected by
using autocorrelation method, threshold value method,
etc, and the reciprocal of the cycle is heart rate.

[0028] Via the earphone in the embodiment shown in
Fig. 1 or Fig. 3, heart rate of human under various con-
ditions (still, moving, etc) can be obtained, so that the
information of physical condition of human body can be
obtained, or on this basis human can control their amount
of exercise within an appropriate scope in accordance
with specific conditions.

[0029] Onthebasis ofaforesaid embodiment, the heart
rate detection method used in an earphone of the present
invention is provided.

[0030] Fig. 4 is aflowchart showing a heart rate detec-
tion method used in an earphone in the embodiment of
the present invention. As is shown in Fig. 4, the method
comprises:

Step S410, providing a cavity in the earphone and
installing a microphone in the cavity; the position
where an opening of the cavity clings to a shell of
the earphone is the position where the shell of the
earphone clings to an auricle of a wearer when the
earphone is worn; the shell of the earphone is pro-
vided with a hole at a position where the opening of
the cavity clings to, and when the earphone is worn,
the cavity and auricle which the hole clings to form
an enclosed space.

[0031] Step S420, when the earphone is worn, collect-
ing signals generated by pressure change in the cavity
by the microphone.

[0032] Step S430, detecting heartrate according to the
signals collected by the microphone, that is, taking the
signals collected by the microphone as signals related
to heart rate; and detecting the heart rate according to
the signals related to heart rate.

[0033] Inanembodiment of the invention, before Step
S430, the method shown in Fig. 4 further comprises: per-
forming filtering process on the signals collected by the
microphone and obtaining the filtered signals. Then de-
tecting heart rate according to the signals collected by
the microphone in Step S430 comprises: detecting heart
rate according to the filtered signals.

[0034] In an embodiment of the invention, performing
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filtering process on the signals collected by the micro-
phone of the method shown in Fig. 4 comprises: perform-
ing low pass filtering process on the signals collected by
the microphone to filter out the high-frequency interfer-
ence signal.

[0035] In an embodiment of the invention, detecting
heart rate according to the filtered signals comprises: de-
tecting the cycle of the filtered signals, and obtaining the
heart rate from the reciprocal of the detected cycle of the
signals.

[0036] Insummary,the beneficial effect ofthe technical
scheme of aforesaid embodiment of the present inven-
tion comprises that: (1) The enclosed cavity of a relatively
small volume is used for placing the microphone, which
reduces interference of external noises, and reinforces
signal information detected by the microphone. (2) Ac-
cording to the feature of the frequency of pulse vibration,
alow passfilteris designed to further reduce the influence
of external high-frequency noise.

[0037] In addition, using earphone to detect heart rate
has another critical problem, that is, it is inevitable to be
influenced by the signals (for example, music or voice,
etc) generated by the earphone loudspeaker, which will
greatly influence the detection of heart rate. Thus, the
following solution is provided.

[0038] Fig. 5 is a structural diagram of an earphone
capable of detecting heart rate in the embodiment of the
present invention. As is shown in Fig. 5, the earphone
500 capable of detecting heart rate comprises: a sub-
tractor550, a heartrate detection unit 560, a self-adaptive
filtering unit 540, a cavity 510 provided in the earphone,
a first microphone 520 installed in the cavity 510, and a
second microphone 530 installed in the earphone head
of the earphone;

wherein the position where an opening of the cavity 510
clings to a shell of the earphone is the position where the
earphone shell clings to an auricle of a wearer when the
earphone is worn; the shell of the earphone is provided
with a hole at a position where the opening of the cavity
510 clings to, and when the earphone is worn, the cavity
and the auricle which the hole clings to form an enclosed
space.

[0039] Thefirstmicrophone 520is for collecting signals
generated by pressure change in the cavity 510 and out-
putting the signals to the subtractor 550 when the ear-
phone 500 is worn. The second microphone 530 is for
collecting signals generated by the earphone loudspeak-
er and outputting the signals to the self-adaptive filtering
unit 540 when the earphone is worn. The self-adaptive
filtering unit 540 is for performing self-adaptive filtering
process on the signals collected by the second micro-
phone 530 according to the signals related to heart rate,
and after obtaining first estimated signals of the signals
generated by the earphone loudspeaker in the signals
collected by the first microphone 520, outputting the first
estimated signals to the subtractor 550. The subtractor
550 s for subtracting the first estimated signals outputted
by the self-adaptive filtering unit 540 from the signals
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collected by the first microphone 520, obtaining the sig-
nals related to heart rate and outputting the signals to
the heart rate detection unit 560 and the self-adaptive
filtering unit 540. The heart rate detection unit 560 is for
detecting heart rate according to the signals related to
heart rate.

[0040] The first microphone 520 will collect the signals
generated by the earphone loudspeaker while collecting
signals generated by pressure change in the cavity 510.
Thus self-adaptive filtering process is performed on the
signals detected by the second microphone 530 in Fig.
5, so that the signals generated by the earphone loud-
speaker in the signals collected by the first microphone
520 can be accurately estimated according to the signals
generated by the earphone loudspeaker collected by the
second microphone 530, and the purpose is to eliminate
the influence of the signals generated by the earphone
loudspeaker on the heart rate detection. The first micro-
phone 520 and the second microphone 530 both will de-
tect the signals generated by the earphone loudspeaker.
The cycles of the two kinds of signals are the same, but
amplitudes are different, thus a self-adaptive filter is
needed to be used for eliminating this difference, so that
the signals generated by the earphone loudspeaker can
be eliminated from the signals collected by the first mi-
crophone 520 to obtain effective heart rate information.
[0041] Inthe earphone 500 capable of detecting heart
rate shown in Fig. 5, the cavity 510 is arranged in the
earphone 500 for placing the first microphone 520, which
reduces interference of external noises, and reinforces
signal information collected by the first microphone 520.
But the first microphone 520 will inevitably collect the
signals generated by the earphone loudspeaker. Thus,
the earphone 500 capable of detecting heart rate adds
the second microphone 530 to collect the signals gener-
ated by the earphone loudspeaker, and performs self-
adaptive filtering on the signals collected by the second
microphone 530, and subtracts the second microphone
signals after self-adaptive filtering from the signals col-
lected by the first microphone 520, and then detects heart
rate. Thereby the influence of the signals generated by
the earphone loudspeaker on the heart rate detection is
further eliminated.

[0042] In an embodiment of the invention, the ear-
phone shown in Fig. 5 further comprises a low pass filter,
for performing low pass filtering process on the signals
collected by the first microphone 520, obtaining the low
pass filtered signals and outputting the signals to the sub-
tractor 550. That is, the subtractor 550 is for subtracting
the first estimated signals outputted by the self-adaptive
filtering unit 540 from the low pass filtered signals, ob-
taining signals related to heart rate and outputting the
signals to the heart rate detection unit 560. This is be-
cause that the frequency of pulse vibration is relatively
low (0.3 Hz - 3Hz or so) while the frequency of external
noise is higher. According to this feature, the influence
of external high-frequency noise can be eliminated via
the low pass filter. For example, the low pass filter can
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be an FIR filter of which the cut-off frequency is 5Hz. The
specific structures of the cavity 510 arranged in the ear-
phone and the first microphone 520 installed in the cavity
510 are similar to the structures shown in Fig. 2A-2C,
thus it will not be repeated here.

[0043] Fig. 6 is a diagram showing the installing posi-
tion of a second microphone in an embodiment of the
present invention. In the embodiment the second micro-
phone 530 is installed in the earphone head of the ear-
phone. See Fig. 6, the second microphone 530 can be
arranged at the position of the earphone 500 shown in
Fig. 6, and then the earphone loudspeaker coordinates
with the earphone shell, forming a cavity in front of the
earphone loudspeaker, and the second microphone 530
can be arranged in the cavity. Preferably, the second
microphone 530 is arranged in front of the vibrating dia-
phragm of the earphone loudspeaker and there is an in-
terval between the second microphone 530 and the vi-
brating diaphragm, so that the second microphone is sit-
uated on the transmission path of the sound wave when
the earphone loudspeaker produces sound, and the sec-
ond microphone and the earphone loudspeaker will not
affect each other.

[0044] In practice, even if the earphone can occupy
the entire auditory meatus to form a completely enclosed
cavity, the influence of the signals generated by the ear-
phone loudspeaker on heart rate detection is inevitable,
because the earphone loudspeaker is contained in the
earphone head. Thus the signals generated by the ear-
phone loudspeaker will inevitably be detected by the first
microphone. Then the data collected by the first micro-
phone comprises not only the pressure change informa-
tion generated by the fluctuation of pulse pressure of the
vessel, but also the signals generated by the earphone
loudspeaker. In order to eliminate the influence of the
signals generated by the earphone loudspeaker collect-
ed by the first microphone on heart rate detection, the
present invention adds a second microphone in the ear-
phone, and the second microphone is installed in the
earphone head, for example, the position of the earphone
shown in Fig. 6. The second microphone is used for col-
lecting the signals generated by the earphone loudspeak-
er. Thereis a strong correlation between the signals gen-
erated by the earphone loudspeaker collected by the first
microphone and the signals generated by the earphone
loudspeaker collected by the second microphone, and
on this basis a certain filter can be adopted to eliminate
the influence of the signals generated by the earphone
loudspeaker.

[0045] According to the foregoing analysis, if the sig-
nals generated by the earphone loudspeaker can be
eliminated from the signals detected by the first micro-
phone, then the signals generated by the shrink of the
auditory meatus caused by flow of blood can be obtained.
The signals are relevant to the frequency of heartbeat,
and heart rate information can be obtained based on the
signals. There is a strong correlation between the signals
generated by the earphone loudspeaker collected by the
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first microphone and the signals generated by the ear-
phone loudspeaker collected by the second microphone,
but the two are not entirely equal. The signals collected
by the second microphone cannot be directly taken out
from the signals collected by the first microphone, thus
the embodiment filters out the interference generated by
external noises in the method of self-adaptive filtering.
[0046] Insummary,inthe embodimentofthe invention:
first, the enclosed cavity of a relatively small volume is
used for placing the microphone, which reduces interfer-
ence of external noises, and reinforces signal information
detected by the first microphone. Second, the second
microphone is added to the earphone for collecting sig-
nals generated by the earphone loudspeaker, and the
self-adaptive filter is designed to further eliminate the in-
fluence of the signals generated by the earphone loud-
speaker on heart rate detection. Furthermore, according
to the feature of the frequency of pulse vibration, a low
pass filter is designed to further reduce the influence of
external high-frequency noise. It will be further described
below with Fig. 7 as an example.

[0047] Fig. 7 is a structural diagram of an earphone
capable of detecting heart rate in another embodiment
of the present invention. As is shown in Fig. 7, the ear-
phone 700 capable of detecting heart rate comprises: a
subtractor 750, a heart rate detection unit 760, a low pass
filter 770, a second microphone 730 installed in the ear-
phone head of the earphone, a self-adaptive filtering unit
740, a cavity 710 provided in the earphone and a first
microphone 720 installed in the cavity 710. Wherein the
self-adaptive filtering unit 740 comprises: a parameter-
adjustable filter 741 and a self-adaptive parameter ad-
justment unit 742.

[0048] Wherein the position where an opening of the
cavity 710 clings to a shell of the earphone is the position
where the shell of the earphone clings to an auricle of a
wearer when the earphone is worn; the earphone shell
is provided with a hole at a position where the opening
of the cavity 710 clings to, and when the earphone is
worn, the cavity and the auricle which the hole clings to
form an enclosed space.

[0049] The first microphone 720 is used for collecting
signals generated by pressure change in the cavity 710
and outputting the signals to the low pass filter 770 when
the earphone 700 is worn. The first microphone 720 will
collectthe signals generated by the earphone loudspeak-
er while collecting signals generated by pressure change
in the cavity 710. The low pass filter 770 is for performing
low pass filtering process on signals collected by the first
microphone 720 and after obtaining the lowpass filtered
signals outputting the signals to the subtractor 750. The
second microphone 730 is for collecting signals gener-
ated by the earphone loudspeaker and outputting the sig-
nals to the parameter-adjustable filter 741 and the self-
adaptive parameter adjustment unit 742 in the self-adap-
tive filtering unit 740 when the earphone is worn. The
self-adaptive parameter adjustment unit 742 is for ad-
justing the filtering parameters of the parameter-adjust-
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able filter 741 according to the signals collected by the
second microphone 730, the signals related to heartrate,
and the preset adaptive algorithms. The parameter-ad-
justable filter 741 is for performing self-adaptive filtering
process on the signals collected by the second micro-
phone 730 according to filtering parameters, and output-
ting the first estimated signals of the signals generated
by the earphone loudspeaker in the signals collected by
the first microphone 720 to the subtractor 750. The sub-
tractor 750 is for subtracting the first estimated signals
outputted by the parameter-adjustable filter 741 from the
signals outputted by the low pass filter, obtaining the sig-
nals related to heart rate and outputting the signals to
the heart rate detection unit 760; the subtractor 750 is
also for outputting the signals related to heart rate to the
self-adaptive parameter adjustment unit 742. Here the
self-adaptive parameter adjustment unit 742 calculates
the filtering parameters of the parameter-adjustable filter
741 by using adaptive algorithms according to the input-
ted singals collected by the second microphone 730 and
the signals related to heart rate fed back by the subtractor
750. The heart rate detection unit 760 is for detecting
heart rate according to the signals related to heart rate.
[0050] In an embodiment of the invention, the heart
rate detection unit 760, for detecting the cycle of the sig-
nals related to heart rate, and obtaining heart rate from
the reciprocal of the detected cycle of the signals. For
example, the heart rate detection unit 760 can detect the
cycle of the signals related to heart rate by using existing
autocorrelation method and threshold value method, etc.
[0051] Fig. 8 is a general structural diagram of a self-
adaptive filter. As is shown in Fig. 8, the self-adaptive
filter mainly consists of a parameter-adjustable filter and
a self-adaptive parameter adjustment unit for adjusting
coefficient of the filter. The self-adaptive filter does not
need to know the knowledge of statistical property of the
relevant signals when being designed. It can gradually
"know" or estimate the required statistical property in the
course of work and automatically adjust its own param-
eters according to this, so as to achieve the optimum
filtering effect. In Fig. 8, Ex(n) is expected signal; In(n) is
input signal; Out(n) is output signal; e(n) is evaluated
error; and e(n) = Ex(n)-Out(n). The filtering coefficient of
the self-adaptive filter is controlled by the error signal,
and e(n) adjusts the self-adaptive coefficient by preset-
ting adaptive algorithms, so that at last the mean square
error of e(n) can be the smallest. Now the output signal
is most approximate to the expected signal.

[0052] In the earphone shown in Fig. 7, the self-adap-
tive filter is adopted to perform filtering process on the
signals collected by the second microphone to accurately
estimate the signals generated by the earphone loud-
speaker collected by the first microphone. As is shown
in Fig. 7, yl(n) is the signal collected by the second mi-
crophone 730, that is, the input signal in the self-adaptive
filtering unit 740, and y2(n) is the output signal of the self-
adaptive filtering unit 740. xL(n) represents the corre-
sponding desired signal, and a(n) is corresponding to the
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error signal (mainly comprising heart rate signal). There
is certain correlation between yL(n) and yl(n), thus the
output signal y2(n) obtained from yl(n) via the filter can
become approximate to yL(n) by designing an appropri-
ate transfer function. For example, according to the min-
imum mean square error principle, when the expected
value of mean square of the error signal is minimum, the
output signal y2(n) can be used for estimating yL(n) ef-
fectively, and then the interference of the signals gener-
ated by the earphone loudspeaker on heartrate detection
can be eliminated from the signals collected by the first
microphone. The signals of the first microphone after low
pass filtering subtracts the signals of the second micro-
phone after self-adaptive filtering, obtaining the signal
information a(n) related to heart rate, and on this basis
heart rate can be detected. The beat of heart has certain
periodicity, thus a(n) is the signal with certain periodicity.
The cycle corresponding to the signal can be obtained
according to autocorrelation method, and the reciprocal
of the cycle is heart rate.

[0053] The specific process is as follows: suppose the
signals detected by the first microphone is: x(n) =
y(n)+d(n); and the signals detected by the second micro-
phone is yl(n). Wherein y(n) represents signals generat-
ed by the earphone loudspeaker collected by the first
microphone; d(n) represents the pressure change signal
generated by the flow of blood; yl(n) represents signals
generated by the earphone loudspeaker collected by the
second microphone; and n represents sampling time
point.

[0054] After low pass filtering, the signal of x(n) be-
comes: xL(n)=yL(n)+dL(n).

[0055] yl(n) and y(n) are both signals generated by the
earphone loudspeaker. yl(n) is corresponding to the sig-
nals generated by the earphone loudspeaker collected
by the second microphone, and y(n) is corresponding to
the signals generated by the earphone loudspeaker col-
lected by the first microphone. Although amplitudes of
the two are different, their vibrational frequencies are the
same. In order to eliminate y(n) from x(n), a self-adaptive
filter (impact response is h(n)) is selected to filter yl(n),
obtaining y2(n) = yl(n) * h(n), so that y2(n) can be as
approximate as possible to signal yL(n) generated by the
earphone loudspeaker in x(n) after low pass filtering.
Thus the signals generated because of shrink of the au-
ditory meatus can be expressed as: a(n)=xL(n)-y2(n).
[0056] The self-adaptive parameter of the filter is ob-
tained by using adaptive algorithms. There are many
methods of realizing the self-adaptive algorithms. For ex-
ample, the method of minimum mean square error can
be adopted, that is, when the value of E(&Z(n)) is mini-
mum, obtain coefficient of the filter. Aftera(n) is obtained,
according to the periodicity characteristic of the signal,
the cycle can be detected by using autocorrelation meth-
od, threshold value method, etc, and the reciprocal of the
cycle is heart rate.

[0057] Via the earphone in the embodiment shown in
Fig. 5 or Fig. 7, human’s heart rate can be obtained, so
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that the information of physical condition of human body
can be obtained, or on this basis human can control their
amount of exercise within an appropriate scope in ac-
cordance with specific conditions.

[0058] Onthe basis of aforesaid embodiment, the heart
rate detection method used in an earphone of the present
invention is provided. For the specific content of each
step in the embodiment of the method of the invention,
see the description related to the embodimentofthe prod-
uct of the invention.

[0059] Fig.9is aflowchart showing a heart rate detec-
tion method used in an earphone in the embodiment of
the present invention. As is shown in Fig. 9, the method
comprises:

Step S910, providing a cavity in the earphone and
installing the first microphone in the cavity; the posi-
tion where an opening of the cavity clings to a shell
of the earphone is the position where the shell of the
earphone clings to an auricle of a wearer when the
earphone is worn; the earphone shellis provided with
a hole at a position where the opening of the cavity
clings to, and when the earphone is worn, the cavity
and the auricle which the hole clings to form an en-
closed space; providing a second microphone in the
earphone head of the earphone. For example, the
second microphone can be provided in the earphone
head at a position close to the sound production hole
of the loudspeaker, see Fig. 3.

[0060] Step S920, when the earphone is worn, collect-
ing signals generated by pressure change in the cavity
by the first microphone, and collecting the signals gen-
erated by the earphone loudspeaker in the earphone
head by the second microphone. Step S930, performing
self-adaptive filtering process on the signals collected by
the second microphone to obtain first estimated signals
of the signals generated by the earphone loudspeaker in
the signals collected by the first microphone. Step S940,
subtracting the first estimated signals from the signals
collected by the first microphone to obtain the signals
related to heart rate. Step S950, detecting heart rate ac-
cording to the signals related to heart rate.

[0061] In an embodiment of the invention, before sub-
tracting the first estimated signals from the signals col-
lected by the first microphone to obtain the signals related
to heart rate, the method shown in Fig. 9 further compris-
es: performing low pass filtering process on the signals
collected by the first microphone, obtaining low pass fil-
tered signals. Then subtracting the first estimated signals
from the signals collected by the first microphone to ob-
tain the signals related to heart rate in Step S940 specif-
ically comprises: subtracting the first estimated signals
from the low pass filtered signals to obtain the signals
related to heart rate.

[0062] In an embodiment of the invention, performing
self-adaptive filtering process on the signals collected by
the second microphone to obtain first estimated signals
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of the signals generated by the earphone loudspeaker in
the signals collected by the first microphone in Step S930
comprises: calculating self-adaptive filtering parameters
according to the signals collected by the second micro-
phone, signals related to heart rate and the preset self-
adaptive algorithms; performing self-adaptive filtering on
the signals collected by the second microphone accord-
ing to the self-adaptive filtering parameters to obtain the
first estimated signals.

[0063] In an embodiment of the invention, detecting
heart rate according to the signals related to heart rate
in Step S950 comprises: detecting the cycle of the signals
related to heart rate, and obtaining the heart rate from
the reciprocal of the detected cycle of the signals.
[0064] Inanembodimentofthe invention, installing the
second microphone in the earphone head of the ear-
phone specifically can be: installing the second micro-
phone in front of the vibrating diaphragm of the earphone
loudspeaker and there is an interval between the second
microphone and the vibrating diaphragm, so that the sec-
ond microphone is situated on the transmission path of
the sound wave when the earphone loudspeaker produc-
es sound, and the second microphone and the earphone
loudspeaker will not affect each other.

[0065] Insummary,the beneficial effectof the technical
scheme of aforesaid embodiment of the present inven-
tion comprises that: (1) The enclosed cavity of arelatively
small the volume is used for placing the first microphone,
which reduces interference of external noises, and rein-
forces signal information detected by the first micro-
phone. (2) The second microphone is added to the ear-
phone for collecting signals generated by the earphone
loudspeaker, and the self-adaptive filter is designed to
further eliminate the influence of the signals generated
by the earphone loudspeaker on heart rate detection. (3)
According to the feature of the frequency of pulse vibra-
tion, a low pass filter is designed to further reduce the
influence of external high-frequency noise.

[0066] In addition, using earphone to detect heart rate
has another critical problem, that is, it is easy to be influ-
enced by the external interference signal, which will in-
fluence the detection of heart rate. Thus, the following
solution is provided.

[0067] Fig. 10 is a structural diagram of an earphone
capable of detecting heart rate in the embodiment of the
present invention. As is shown in Fig. 10, the earphone
1000 capable of detecting heart rate comprises: a sub-
tractor 1050, a heartrate detection unit 1060, a self-adap-
tive filtering unit 1040, a cavity 1010 provided in the ear-
phone, a first microphone 1020 installed in the cavity
1010, and a third microphone 1030 installed in the ear-
phone at a position where the earphone does not contact
the skin of the wearer;

wherein the position wher an opening of the cavity 1010
clings to a shell of the earphone is the position where the
shell of the earphone clings to an auricle of a wearer
when the earphone is worn; the earphone shell is pro-
vided with a hole at a position where the opening of the
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cavity 1010 clings to, and when the earphone is worn,
the cavity and the auricle which the hole clings to form
an enclosed space.

[0068] The first microphone 1020 is for collecting sig-
nals generated by pressure change in the cavity 1010
and outputting the signals to the subtractor 1050 when
the earphone 1000 is worn. The third microphone 1030
is for collecting the external interference signals and out-
putting the signals to the self-adaptive filtering unit 1040
when the earphone is worn. The self-adaptive filtering
unit 1040 is for performing self-adaptive filtering process
on the signals collected by the third microphone 1030
according to the signals related to heart rate, and after
obtaining second estimated signals of the external inter-
ference signals in the signals collected by the first micro-
phone 1020, outputting the second estimated signals to
the subtractor 1050. The subtractor 1050 is for subtract-
ing the second estimated signals outputted by the self-
adaptive filtering unit 1040 from the signals collected by
the microphone, obtaining the signals related to heart
rate and outputting the signals to the heart rate detection
unit 1060 and the self-adaptive filtering unit 1040. The
heart rate detection unit 1060 is for detecting heart rate
according to the signals related to heart rate.

[0069] The first microphone 1020 will collect the exter-
nal interference signals while collecting signals generat-
ed by pressure change in the cavity 1010. Thus self-
adaptive filtering process is performed on the signals de-
tected by the third microphone 1030 in Fig. 10, so that
the external interference signals in the signals collected
by the first microphone 1020 can be accurately estimated
according to the external interference signals collected
by the third microphone 1030, and the purpose is to elim-
inate the influence of the external interference signals on
the heart rate detection. The first microphone 1020 and
the third microphone 1030 both will detect the external
interference signals. The cycles of the two kinds of sig-
nals are the same, but amplitudes are different, thus a
self-adaptive filter is needed to be used for eliminating
this difference, so that the external interference signals
can be eliminated from the signals collected by the first
microphone 1020 to obtain effective heart rate informa-
tion.

[0070] Inthe earphone 1000 capable of detecting heart
rate shown in Fig. 10, the cavity 1010 is arranged in the
earphone 1000 for placing the first microphone 1020,
which reduces interference of external noises, and rein-
forces signal information collected by the first micro-
phone 1020. But the external interference still exists.
Thus, the earphone 1000 capable of detecting heart rate
adds the third microphone 1030 to collect the external
interference signals, and performs self-adaptive filtering
on the signals collected by the third microphone 1030,
and subtracts the third microphone signals after self-
adaptive filtering from the signals collected by the first
microphone 1020, and then detects heart rate. Thereby
the influence of the external interference signals on the
heart rate detection is further eliminated.
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[0071] In an embodiment of the invention, the ear-
phone shown in Fig. 10 further comprises a low pass
filter, for performing low pass filtering process on the sig-
nals collected by the first microphone 1020, obtaining the
low pass filtered signals and outputting the signals to the
subtractor 1050. That is, the subtractor 1050 is for sub-
tracting the second estimated signals outputted by the
self-adaptive filtering unit 1040 from the low pass filtered
signals, obtaining signals related to heart rate and out-
putting the signals to the heart rate detection unit 1060.
This is because that the frequency of pulse vibration is
relatively low (0.3 Hz - 3Hz or so) while the frequency of
external noise is higher. According to this feature, the
influence of external high-frequency noise can be elimi-
nated via the low pass filter. For example, the low pass
filter can be an FIR filter of which the cut-off frequency
is 5Hz. The specific structures of the cavity 1010 ar-
ranged in the earphone and the first microphone 1020
installed in the cavity 1010 are similar to the structures
shown in Fig. 2A-2C, thus it will not be repeated here.
[0072] Fig. 11 is a diagram showing the installing po-
sition of a third microphone in an embodiment of the
present invention. Movement of human body will cause
vibration of the skin, thus the third microphone 1030 in
the embodiment is installed in the earphone 1000 at a
position where the earphone does not contact the skin
of the wearer, so as to avoid the influence of vibration of
the skin on the signals collected by the third microphone
and increase the accuracy of the signals collected by the
third microphone. See Fig. 11, the third microphone 1030
can be installed in the earphone handle which connects
the earphone head and the earphone wire at any position
of the earphone shown by the dashed box in Fig. 11.
[0073] In practice, even if the earphone can occupy
the entire auditory meatus to form a completely enclosed
cavity, the influence of the external widespread infrasonic
wave on heart rate detection is inevitable, because the
infrasonic wave has very strong penetrating power. Thus
the external interference signals will inevitably be detect-
ed by the first microphone. Then the data collected by
the first microphone comprises not only the pressure
change information generated by the fluctuation of pulse
pressure of the vessel, but also the external interference
signals. In order to eliminate the influence of the external
interference signals collected by the first microphone on
heart rate detection, the present invention adds a third
microphone in the earphone, and the third microphone
is installed in the earphone at a position where the ear-
phone does not contact the skin of the wearer, for exam-
ple, the position of the earphone shown by the dashed
box in Fig. 11. The third microphone is used for collecting
the external interference signals. There is a strong cor-
relation between the external interference signals col-
lected by the first microphone and the external interfer-
ence signals collected by the third microphone, and on
this basis a certain filter can be adopted to eliminate the
influence of the external interference signals.

[0074] According to the foregoing analysis, if the ex-
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ternal interference signals can be eliminated from the
signals detected by the first microphone, then the signals
generated by the shrink of the auditory meatus caused
by flow of blood can be obtained. The signals are relevant
to the frequency of heartbeat, and heart rate information
can be obtained based on the signals. There is a strong
correlation between the external interference signals col-
lected by the third microphone and the external interfer-
ence signals collected by the first microphone, but the
two are not entirely equal. The signals cannot be directly
taken out from the signals collected by the first micro-
phone, thus the embodiment filters out the interference
generated by external noises in the method of self-adap-
tive filtering.

[0075] Insummary,inthe embodimentofthe invention:
first, the enclosed cavity of a relatively small volume is
used for placing the first microphone, which reduces in-
terference of external noises, and reinforces signal infor-
mation detected by the first microphone. Second, the
third microphone is added to the earphone for collecting
external interference signals, and the self-adaptive filter
is designed to further eliminate the influence of the ex-
ternal interference signals on heart rate detection. Fur-
thermore, according to the feature of the frequency of
pulse vibration, a low pass filter is designed to further
reduce the influence of external noise. It will be further
described below with Fig. 12 as an example.

[0076] Fig. 12 is a structural diagram of an earphone
capable of detecting heart rate in another embodiment
of the present invention. As is shown in Fig. 12, the ear-
phone 1200 capable of detecting heart rate comprises:
a subtractor 1250, a heart rate detection unit 1260, a low
pass filter 1270, a third microphone 1230 installed in the
earphone at a position where the earphone does not con-
tact the skin of the wearer, a self-adaptive filtering unit
1240, a cavity 1210 provided in the earphone and a first
microphone 1220 installed in the cavity 1210. Wherein
the self-adaptive filtering unit 1240 comprises: a param-
eter-adjustable filter 1241 and a self-adaptive parameter
adjustment unit 1242.

[0077] Wherein the position where an opening of the
cavity 1210 clings to a shell of the earphone is the position
where the shell of the earphone clings to an auricle of a
wearer when the earphone is worn; the shell of the ear-
phone is provided with a hole at a position where the
opening of the cavity 1210 clings to, and when the ear-
phone is worn, the cavity and the auricle which the hole
clings to form an enclosed space.

[0078] The first microphone 1220 is used for collecting
signals generated by pressure change in the cavity 1210
and outputting the signals to the low passfilter 1270 when
the earphone 1200 is worn. The first microphone 1220
will collect the external interference signals while collect-
ing signals generated by pressure change in the cavity
1210. The low pass filter 1270 is for performing low pass
filtering process on signals collected by the first micro-
phone 1220 and after obtaining the lowpass filtered sig-
nals outputting the signals to the subtractor 1250. The
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third microphone 1230 is for collecting external interfer-
ence signals and outputting the signals to the parameter-
adjustable filter 1241 and the self-adaptive parameter
adjustment unit 1242 in the self-adaptive filtering unit
1240 when the earphone is worn. The self-adaptive pa-
rameter adjustment unit 1242 is for adjusting the filtering
parameters of the parameter-adjustable filter 1241 ac-
cording to the signals collected by the third microphone
1230, the signals related to heart rate, and the preset
adaptive algorithms. The parameter-adjustable filter
1241 is for performing self-adaptive filtering process on
the signals collected by the third microphone 1230 ac-
cording tofiltering parameters, and outputting the second
estimated signals of the external interference signals in
the signals collected by the first microphone 1220 to the
subtractor 1250. The subtractor 1250 is for subtracting
the second estimated signals outputted by the parame-
ter-adjustable filter 1241 from the signals outputted by
the low pass filter, obtaining the signals related to heart
rate and outputting the signals to the heart rate detection
unit 1260; the subtractor 1250 is also for outputting the
signals related to heart rate to the self-adaptive param-
eter adjustment unit 1242. Here the self-adaptive param-
eter adjustment unit 1242 calculates the filtering param-
eters of the parameter-adjustable filter 741 by using self-
adaptive algorithms according to the inputted signals col-
lected by the third microphone 1230 and the signals re-
lated to heart rate fed back by the subtractor 1250. The
heart rate detection unit 1260 is for detecting heart rate
according to the signals related to heart rate.

[0079] In an embodiment of the invention, the heart
rate detection unit 1260 is for detecting the cycle of the
signals related to heartrate, and obtaining heart rate from
the reciprocal of the detected cycle of the signals. For
example, the heart rate detection unit 1260 can detect
the cycle of the signals related to heart rate by using
existing autocorrelation method and threshold value
method, etc. The general structure of self-adaptive filter
is shown in Fig. 8.

[0080] IntheearphoneshowninFig. 12, the self-adap-
tive filter is adopted to perform filtering process on the
signals collected by the third microphone to accurately
estimate the external interference signals collected by
the first microphone. As is shown in Fig. 12, yl (n) is the
signals collected by the third microphone 1230, that is,
the input signal in the self-adaptive filtering unit 1240,
and y2(n) is the output signal of the self-adaptive filtering
unit 1240. xL(n) represents the corresponding desired
signal,anda(n) is corresponding to the error signal (main-
ly comprising heart rate signal). There is certain correla-
tion between yL(n) and yl (n), thus the output signal y2(n)
obtained fromyl (n) via the filter can become approximate
to yL(n) by designing an appropriate transfer function.
For example, according to the minimum mean square
error principle, when the expected value of mean square
of the error signal is minimum, the output signal y2(n)
can effectively estimate yL(n), and then the interference
of the external interference signals on heart rate detec-
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tion can be eliminated from the signals collected by the
first microphone, so the influence of the external interfer-
ence signals is eliminated once more. The signals of the
first microphone after low pass filtering subtracts the sig-
nals of the third microphone after self-adaptive filtering,
obtaining the signal information (Aj(n)related to heart rate,
and on this basis heart rate can be detected. The beat
of heart has certain periodicity, thus &(n) is the signal with
certain periodicity. The cycle corresponding to the signal
can be obtained according to autocorrelation method,
and the reciprocal of the cycle is heart rate.

[0081] The specific process is as follows: suppose the
signals detected by the first microphone is: x(n) =
y(n)+d(n); and the signals detected by the third micro-
phone is yl (n). Wherein y(n) represents the external in-
terference signals collected by the first microphone; d(n)
represents the pressure change signal generated by the
flow of blood; yl (n) represents the external interference
signals collected by the third microphone; and n repre-
sents sampling time point.

[0082] After low pass filtering, the signal of x(n) be-
comes: xL(n) = yL(n)+dL(n).

[0083] vyl (n) and y(n) are both external interference
signals. yl(n)is corresponding to the external interference
signals collected by the third microphone, and y(n) is cor-
responding to the external interference signals collected
by the first microphone. Although amplitudes of the two
are different, their vibrational frequencies are the same.
In order to eliminate y(n) from x(n), a self-adaptive filter
(impact response is h(n)) is selected to filter yl(n), obtain-
ing y2(n) =yl (n) * h(n), so that y2(n) can be as approx-
imate as possible to the external interference signals
yL(n) in x(n) after low pass filtering.

[0084] Thus the signals generated because of shrink
of the auditory meatus can be expressed as:
8(n)=xL(n)-y2(n).The self-adaptive parameter of thefilter
is obtained by using self-adaptive algorithms. There are
many methods of realizing the self-adaptive algorithms.
For example, the method of minimum mean square error
can be adopted, that is, when the value of E(az(n)) is
minimum, obtain the coefficient of the filter. After a(n) is
obtained, according to the periodicity characteristic of the
signal, the cycle can be detected by using autocorrelation
method, threshold value method, etc, and the reciprocal
of the cycle is heart rate.

[0085] Via the earphone in the embodiment shown in
Fig. 10 or Fig. 12, human’s heart rate can be obtained,
so that the information of physical condition of human
body can be obtained, or on this basis human can control
their amount of exercise within an appropriate scope in
accordance with specific conditions.

[0086] Onthe basis of aforesaid embodiment, the heart
rate detection method used in an earphone, of the
present invention is provided. For the specific content of
each step in the embodiment of the method of the inven-
tion, see the description related to the embodiment of the
product of the invention.

[0087] Fig. 13 is a flowchart showing a heart rate de-
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tection method used in an earphone in the embodiment
of the present invention. As is shown in Fig. 13, the meth-
od comprises:

Step S1310, providing a cavity in the earphone and
installing a first microphone in the cavity; the position
where an opening of the cavity clings to a shell of
the earphone is the position where the shell of the
earphone clings to an auricle of a wearer when the
earphone is worn; the shell of the earphone is pro-
vided with a hole at a position where the opening of
the cavity clings to, and when the earphone is worn,
the cavity and the auricle which the hole clings to
form an enclosed space; and providing a third mi-
crophone in the earphone at a position where the
earphone does not contact the skin of the wearer.
For example, the third microphone can be installed
inthe earphone handle which connects the earphone
head and the earphone wire, see Fig. 3.

[0088] Step S1320, when the earphone is worn, col-
lecting signals generated by pressure change in the cav-
ity by the first microphone, and collecting the external
interference signals by the third microphone. Step
S1330, performing self-adaptive filtering process on the
signals collected by the third microphone to obtain sec-
ond estimated signals of the external interference signals
in the signals collected by the first microphone. Step
S1340, subtracting the second estimated signals from
the signals collected by the first microphone to obtain the
signals related to heart rate. Step S1350, detecting heart
rate according to the signals related to heart rate.
[0089] In an embodiment of the invention, before sub-
tracting the second estimated signals from the signals
collected by the first microphone to obtain the signals
related to heart rate, the method shown in Fig. 13 further
comprises: performing low pass filtering process on the
signals collected by the first microphone, obtaining low
pass filtered signals. Then subtracting the second esti-
mated signals from the signals collected by the first mi-
crophone to obtain the signals related to heart rate in
Step S1340 specifically comprises: subtracting the sec-
ond estimated signals from the low pass filtered signals
to obtain the signals related to heart rate.

[0090] In an embodiment of the invention, performing
self-adaptive filtering process on the signals collected by
the third microphone to obtain second estimated signals
of the external interference signals in the signals collect-
ed by the first microphone in Step S1330 comprises: cal-
culating self-adaptive filtering parameters according to
the signals collected by the third microphone, signals re-
lated to heart rate and the preset self-adaptive algo-
rithms; performing self-adaptive filtering on the signals
collected by the third microphone according to the self-
adaptive filtering parameters to obtain the second esti-
mated signals.

[0091] In an embodiment of the invention, detecting
heart rate according to the signals related to heart rate
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in Step S1350 comprises: detecting the cycle of the sig-
nals related to heart rate, and obtaining the heart rate
from the reciprocal of the detected cycle of the signals.
[0092] Insummary,the beneficial effect ofthe technical
scheme of the present invention comprises that: (1) the
enclosed cavity of a relatively small volume is used for
placing the first microphone , which reduces interference
of external noises, and reinforces signal information de-
tected by the first microphone. (2) The third microphone
is added to the earphone for collecting external interfer-
ence signals, and the self-adaptive filter is designed to
further eliminate the influence of the external interference
signals on heart rate detection. (3) According to the fea-
ture of the frequency of pulse vibration, a low pass filter
is designed to further reduce the influence of external
high-frequency noise.

[0093] In an embodiment of the invention, the ear-
phone can be equipped with the first microphone, the
second microphone and the third microphone simultane-
ously, in order to eliminate the influence of the signals
generated by the earphone loudspeaker on heart rate
detection and the influence of the external interference
signals on heart rate detection, wherein for the specific
way of installing the three microphones, see relevant con-
tent of aforesaid embodiments.

[0094] Fig. 14 is a structural diagram of an earphone
capable of detecting heart rate in another embodiment
of the present invention. As is shown in Fig. 14, the ear-
phone 1400 capable of detecting heart rate comprises:
a cavity 1410 provided in the earphone, a first micro-
phone 1420 installed in the cavity 1410, a second micro-
phone 1430, afirst self-adaptive filtering unit 1440, a sub-
tractor 1450, a heart rate detection unit 1460, a third mi-
crophone 1470 and a second self-adaptive filtering unit
1480.

[0095] As can be seen, the embodiment shown in Fig.
14 combines the schemes shown in Fig. 5 and Fig. 10,
and the realizing function of each functional unit is cor-
respondently the same. The subtractor needs to be de-
scribed here. The subtractor 1450 is for subtracting the
first estimated signals (obtained by performing self-adap-
tive filtering on the signals collected by the second mi-
crophone) and the second estimated signals (obtained
by performing self-adaptive filtering on the signals col-
lected by the third microphone) from the signals collected
by the first microphone. The subtractor 1450 can be un-
derstood as being equivalent to a cascade of the sub-
tractor 550 and the subtracor 1050. In Fig. 14, the sub-
tractor 1450 can be replaced with cascaded first subtrac-
tor and second subtractor. By now: the output of the first
microphone 1420 and output of the first self-adaptive fil-
tering unit 1440 are connected with the input of the first
subtractor; the output of the second self-adaptive filtering
unit 1480 and output of the first subtractor are connected
with the input of the second subtractor; the second sub-
tractor is for subtracting the output signal of the second
self-adaptive filtering unit 1480 (i.e. the second estimated
signals) from the output signal of the first subtractor (i.e.
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the signal obtained after the signals collected by the first
microphone subtract the first estimated signals), obtain-
ing the signals related to heart rate and outputting the
signals to the heart rate detection unit, and feeding back
to the second self-adaptive filtering unit 1480 and the first
self-adaptive filtering unit 1440.

[0096] The earphoneillustratedin Fig. 14 can eliminate
the influence of signals produced by the earphone loud-
erspeaker on heart rate detection and the influence of
external interference signal on heart rate detection.
[0097] The foregoing descriptions merely show pre-
ferred embodiments of the presentinvention, and are not
intended to limit the protection scope of the present in-
vention. Any modification, equivalent replacement and
improvement made within the spirit and principle of the
present invention shall fall into the protection scope of
the present invention.

Claims

1. A heart rate detection method used in an earphone,
wherein said method comprises:

providing a cavity inside the earphone, and in-
stalling a first microphone in said cavity; the po-
sition where an opening of said cavity clings to
a shell of the earphone is the position where the
shell of the earphone clings to an auricle of a
wearer when the earphone is worn; the shell of
the earphone s provided with a hole ata position
where the opening of said cavity clings to, and
when the earphone is worn, said cavity and the
auricle which said hole clings to form an en-
closed space;

collecting signals generated by pressure
change in said cavity by the first microphone
when the earphone is worn;

taking the signals collected by the first micro-
phone as signals related to heart rate; and
detecting heart rate according to the signals re-
lated to heart rate.

2. The method according to claim 1, wherein the meth-
od further comprises:

performing low pass filtering process on the sig-
nals collected by the first microphone to filter out
high-frequency interference signals;

taking the low pass filtered signals as said sig-
nals related to heart rate;

said detecting heartrate according to the signals
related to heart rate comprising: detecting the
cycle of said signals related to heart rate, and
obtaining the heart rate from the reciprocal of
the detected cycle of the signals.

3. The method according to claim 1, wherein the meth-
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od further comprises:

installing a second microphone in an earphone
head of the earphone;

collecting signals generated by an earphone
loudspeaker in the earphone head by said sec-
ond microphone when the earphone is worn;
performing self-adaptive filtering process on the
signals collected by said second microphone to
obtain first estimated signals of the signals gen-
erated by the earphone loudspeaker in the sig-
nals collected by the first microphone; and
subtracting said first estimated signals from the
signals collected by the first microphone to ob-
tain the signals related to heart rate.

The method according to claim 3, wherein said per-
forming self-adaptive filtering process on the signals
collected by said second microphone to obtain first
estimated signals of the signals generated by the
earphone loudspeaker in the signals collected by the
first microphone comprises:

calculating self-adaptive filtering parameters ac-
cording to the signals collected by the second
microphone, signals related to heart rate and
preset self-adaptive algorithms; and
performing self-adaptive filtering on the signals
collected by the second microphone according
to said self-adaptive filtering parameters to ob-
tain said first estimated signals.

The method according to claim 1 or 3, wherein the
method further comprises:

installing a third microphone in the earphone at
a position where the earphone does not contact
the skin of the wearer;

collecting external interference signals by said
third microphone when the earphone is worn;
performing self-adaptive filtering process on the
signals collected by said third microphone to ob-
tain second estimated signals of the external in-
terference signals in the signals collected by the
first microphone;

said taking the signals collected by the first mi-
crophone as signals related to heart rate com-
prising: subtracting the second estimated sig-
nals from the signals collected by the first micro-
phone to obtain the signals related to heart rate;
said subtracting the first estimated signals from
the signals collected by the first microphone to
obtain the signals related to heart rate compris-
ing: subtracting said first estimated signals and
said second estimated signals from the signals
collected by the first microphone to obtain the
signals related to heart rate.
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The method according to claim 5, wherein said per-
forming self-adaptive filtering process on the signals
collected by said third microphone to obtain second
estimated signals of external interference signals in
the signals collected by the first microphone com-
prises:

calculating self-adaptive filtering parameters ac-
cording to the signals collected by the third mi-
crophone, signals related to heart rate and pre-
set self-adaptive algorithms; and

performing self-adaptive filtering on the signals
collected by the third microphone according to
said self-adaptive filtering parameters to obtain
said second estimated signals.

An earphone capable of detecting heart rate, where-
in the earphone comprises: a heart rate detection
unit, a cavity provided in the earphone, and a first
microphone installed in said cavity;

wherein the position where an opening of said cavity
clings to a shell of the earphone is the position where
the shell of the earphone clings to an auricle of a
wearer when the earphone is worn; the earphone
shell is provided with a hole at a position where the
opening of said cavity clings to, and when the ear-
phone is worn, said cavity and the auricle which said
hole clings to form an enclosed space;

said first microphone is configured to collect signals
generated by pressure change in said cavity when
the earphone is worn; the signals collected by the
first microphone are taken as signals related to heart
rate; and

said heart rate detection unit is configured to detect
heart rate according to the signals related to heart
rate.

The earphone according to claim 7, wherein the ear-
phone further comprises:

a low pass filter configured to perform low pass
filtering process on the signals collected by said
first microphone to filter out high-frequency in-
terference signals; and

correspondingly, taking the low pass filtered sig-
nals as said signals related to heart rate.

The earphone according to claim 7, wherein

the heart rate detection unit is configured to detect
the cycle of said signals related to heart rate, and
obtaining heart rate from the reciprocal of the detect-
ed cycle of the signals.

The earphone according to claim 7, wherein the ear-
phone further comprises: a first subtractor, a first
self-adaptive filtering unit, and a second microphone
installed in the earphone head of the earphone;

said second microphone is configured to collect sig-
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nals generated by an earphone loudspeaker and out-
put the signals to said first self-adaptive filtering unit;
said first self-adaptive filtering unit is configured to
perform self-adaptive filtering process on the signals
collected by said second microphone according to
the signals related to heart rate to obtain first esti-
mated signals of the signals generated by the ear-
phone loudspeaker in the signals collected by the
first microphone, and output the first estimated sig-
nals to said first subtractor; and

said first subtractor is configured to subtract said first
estimated signals from the signals collected by the
first microphone to obtain the signals related to heart
rate, and output the signals related to heart rate to
said heart rate detection unit and said first self-adap-
tive filtering unit.

The earphone according to claim 10, wherein

said second microphone is arranged in front of a vi-
brating diaphragm of the earphone loudspeaker and
there is an interval between the second microphone
and the vibrating diaphragm, so that the second mi-
crophone is situated on the transmission path of a
sound wave when the earphone loudspeaker pro-
duces sound, and the second microphone and the
earphone loudspeaker do not affect each other.

The earphone according to claim 10, wherein said
first self-adaptive filtering unit comprises: a first pa-
rameter-adjustable filter and a first self-adaptive pa-
rameter adjustment unit;

said second microphone is configured to output the
collected signals to said first parameter-adjustable
filter and said first self-adaptive parameter adjust-
ment unit;

said first subtractor is configured to output said sig-
nals related to heart rate to said first self-adaptive
parameter adjustment unit;

said first self-adaptive parameter adjustment unit is
configured to adjust filtering parameters of said first
parameter-adjustable filter according to the signals
collected by the second microphone, the signals re-
lated to heart rate, and preset self-adaptive algo-
rithms; and

said first parameter-adjustable filter is configured to
perform self-adaptive filtering on the signals collect-
ed by the second microphone according to the filter-
ing parameters, and outputthe first estimated signals
ofthe signals generated by the earphone loudspeak-
er in the signals collected by the first microphone to
said first subtractor.

The earphone according to claim 7 or 10, wherein
the earphone further comprises: a second subtrac-
tor, a second self-adaptive filtering unit, and a third
microphone installed in the earphone at a position
where the earphone does not contact the skin of the
wearer;
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said third microphone is configured to collect exter-
nal interference signals and output the external in-
terference signals to said second self-adaptive filter-
ing unit when the earphone is worn;

said second self-adaptive filtering unit is configured
to perform self-adaptive filtering process on the sig-
nals collected by said third microphone according to
the signals related to heart rate to obtain second es-
timated signals of the external interference signals
in the signals collected by the first microphone, and
output the second estimated signals to said second
subtractor; and

said second subtractor is configured to subtract said
second estimated signals from the signals collected
by the first microphone obtain the signals related to
heart rate, and output the signals related to heart
rate to said heart rate detection unit and said second
self-adaptive filtering unit; or configured to subtract
said second estimated signal from the signals col-
lected by the first microphone that have subtracted
said first estimated signals to obtain the signals re-
lated to heart rate, and output the signals related to
heart rate to said heart rate detection unit, said sec-
ond self-adaptive filtering unit and said first self-
adaptive filtering unit.

The earphone according to claim 13 wherein

said third microphone is provided in the earphone
handle which connects the earphone head and an
earphone wire.

The earphone according to claim 13, wherein said
second self-adaptive filtering unit comprises: a sec-
ond parameter-adjustable filter and a second self-
adaptive parameter adjustment unit;

said third microphone is configured to output the col-
lected signals to said second parameter-adjustable
filter and said second self-adaptive parameter ad-
justment unit;

said second subtractor is configured to output said
signals related to heartrate to said second self-adap-
tive parameter adjustment unit;

said second self-adaptive parameter adjustment unit
is configured to adjust filtering parameters of said
second parameter-adjustable filter according to the
signals collected by the third microphone, the signals
related to heart rate, and preset self-adaptive algo-
rithms; and

said second parameter-adjustable filter is configured
to perform self-adaptive filtering on the signals col-
lected by the third microphone according to the fil-
tering parameters, and output the second estimated
signals of the external interference signals in the sig-
nals collected by the first microphone to said second
subtractor.
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