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PHYSICAL SIGN DETECTING EARPHONE
AND PHYSICAL SIGN DETECTING
METHOD

CROSS REFERENCE OF RELATED
APPLICATION

[0001] The present application claims the priority of the
Chinese patent application No. 2017106333083 filed on Jul.
31,2017, which is entirely incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to the technical field of
physical sign detecting, particularly to a physical sign
detecting earphone and a physical sign detecting method.

BACKGROUND

[0003] With continuous development of the computer
technology, there are more and more miniaturized compo-
nents which provide a possibility for implementing intelli-
gent wearable devices. The miniaturized sensors can extract
user physiological parameters, and at the same time, provide
the possibility of integrating sensors into different products.

[0004] As the pace of life continues to speed up, high
blood pressure has become a major hidden danger that
induces disease. In addition, most of people have different
levels of mental fatigue. If the mental fatigue cannot be
found and released timely, it will cause disease and be
harmful to people’s health. Blood pressure measurement
devices in the prior art mainly include mercury blood
pressure measurement devices and electronic blood pressure
measurement devices. They require users to wear a cuff or
wristband when measuring, and require the users to initiate
measurement. They provide a less comfort measurement, a
complex measuring way and an inconvenient use. The
fatigue detection makes determination mainly based on a
computer, which has problems, such as the detection being,
the detection being not able to be performed in real time, and
so on. The blood pressure measurement and fatigue detec-
tion in the prior art both have to make measurements by
particular devices, e.g., a blood pressure measurement
device, a computer terminal etc. These devices have prob-
lems of inconvenient carry and non-real-time measurement.

[0005] To sum up, the blood pressure measurement and
fatigue detection in the prior art have to be performed by
particular devices which are not easy to carry and have a
complex measuring way. Therefore, they have problems of
poor convenience and non-real-time measurement.

SUMMARY

[0006] In order to solve the above technical problem,
embodiments of the disclosure provide a physical sign
detecting earphone and a physical sign detecting method.

[0007] According to one aspect of the disclosure, a physi-
cal sign detecting earphone is provided. The physical sign
detecting earphone may comprise: a processor, and photo-
electric sensors configured in left and right receivers respec-
tively. The photoelectric sensors are used for collecting two
pulse signals of left and right ears. The processor is used for
performing physical sign detecting based on the pulse sig-
nals collected by the photoelectric sensors to obtain physical
sign information.
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[0008] In an embodiment, the physical sign information
comprises: one or more of a blood pressure value and a
fatigue degree.

[0009] Inanembodiment, the processor performing physi-
cal sign detecting to obtain a blood pressure value may
comprise: calculating a pulse transmission time based on the
two pulse signals collected by the photoelectric sensors, the
pulse transmission time being a time difference between
peak values of the two pulse signals within a same electro-
cardio cycle; and calculating the blood pressure value based
on a preconfigured blood pressure model and the pulse
transmission time.

[0010] In an embodiment, the preconfigured blood pres-
sure model comprises a formula:

wherein the BP represents the blood pressure value, the PTT
represents the pulse transmission time, the y represents an
elastic coeflicient of a blood vessel, the p represents blood
density, the d represents a diameter of the blood vessel, the
S? represents a cross-sectional area of the blood vessel, the
o represents a thickness of the blood vessel, the E; repre-
sents an initial vascular elasticity modulus.

[0011] In an embodiment, the photoelectric sensors are
used for collecting two pulse signals of left and right ears in
anon-fatigue state of a user when the physical sign detecting
earphone is initially used, and collecting two pulse signals of
left and right ears in real time. The processor is used for
calculating a pulse transmission time in the non-fatigue state
based on the pulse signals in the non-fatigue state collected
by the photoelectric sensors, calculating a pulse transmis-
sion time based on the two pulse signals connected by the
photoelectric sensors in real time, and calculating a real time
blood pressure value through a formula:

2
APTT.

ABP = - ——
YPPT

In this formula, the PTT represents a pulse transmission time
measured in real time, the ABP represents a difference value
between a blood pressure value in the non-fatigue state and
a blood pressure value measured in real time, the APTT
represents a difference value between the pulse transmission
time in the non-fatigue state and the pulse transmission time
measured in real time, the y represents an elastic coefficient
of a blood vessel, the blood pressure value in the non-fatigue
state is measured by a blood pressure measurement device.

[0012] Inanembodiment, the processor performing physi-
cal sign detecting to obtain a fatigue degree comprises:
calculating a pulse peak-to-peak time period based on a
pulse signal connected by a photoelectric sensor in one of
the left receiver and the right receiver; performing frequency
spectrum analysis to a pulse signal within the pulse peak-
to-peak time period to obtain frequency spectrum param-
eters; and determining the fatigue degree based on the
frequency spectrum parameters.
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[0013] Inan embodiment, the frequency spectrum param-
eters comprise: a low frequency power, a high frequency
power and a ratio of the low frequency power to the high
frequency power. Determining the fatigue degree based on
the frequency spectrum parameters may comprise: com-
pared to standard values of the frequency spectrum param-
eters, when the low frequency power increases, the ratio of
the low frequency power to the high frequency power
increases, and the high frequency power decreases, deter-
mining that the fatigue degree increases; or, when the low
frequency power increases, the ratio of the low frequency
power to the high frequency power increases, and the high
frequency power is constant, determining that the fatigue
degree increases; or, when the low frequency power is
constant, the ratio of the low frequency power to the high
frequency power increases, and the high frequency power
decreases, determining that the fatigue degree increases.

[0014] In an embodiment, the standard values of the
frequency spectrum parameters are obtained by: the photo-
electric sensor in one of the left receiver and the right
receiver collecting a pulse signal in the non-fatigue state;
and the processor calculating a pulse peak-to-peak time
period in the non-fatigue state based on the pulse signal in
the non-fatigue state collected by the photoelectric sensor,
and performing frequency spectrum analysis to the pulse
signal within the pulse peak-to-peak time period to obtain
values of frequency spectrum parameters as the standard
values of the frequency spectrum parameters.

[0015] In an embodiment, the physical sign detecting
earphone can further comprise: a prompt module for
prompting an abnormal state of the physical sign informa-
tion when the physical sign information obtained by the
processor is not conformity with a preset condition.

[0016] In an embodiment, the physical sign information
being not conformity with a preset condition comprises one
or more of: the blood pressure value being out of a preset
blood pressure threshold range; and a time in which a user
is in a fatigue state being longer than a preset time threshold.

[0017] In an embodiment, the physical sign detecting
earphone can further comprise: a communication module for
transmitting the physical sign information to a terminal.

[0018] According to another aspect of the disclosure, a
physical sign detecting method is provided. The physical
sign detecting method can comprise: collecting two pulse
signals of left and right ears by photoelectric sensors con-
figured in left and right receivers of a physical sign detecting
earphone respectively; and performing physical sign detect-
ing based on the pulse signals to obtain physical sign
information.

[0019] In an embodiment, the physical sign information
comprises: one or more of a blood pressure value and a
fatigue degree.

[0020] In an embodiment, performing physical sign
detecting based on the pulse signals to obtain a blood
pressure value may comprise: calculating a pulse transmis-
sion time based on the two pulse signals collected by the
photoelectric sensors, the pulse transmission time being a
time difference between peak values of the two pulse signals
within a same electrocardio cycle; and calculating the blood
pressure value based on a preconfigured blood pressure
model and the pulse transmission time.
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[0021] In an embodiment, the preconfigured blood pres-
sure model comprises a formula:

L[ (pds?
BP = —|In| — | - 2InPTT|;
yl ek

wherein the BP represents the blood pressure value, the PTT
represents the pulse transmission time, the y represents an
elastic coeflicient of a blood vessel, the p represents blood
density, the d represents a diameter of the blood vessel, the
S? represents a cross-sectional area of the blood vessel, the
o represents a thickness of the blood vessel, the E, repre-
sents an initial vascular elasticity modulus.

[0022] In an embodiment, the physical sign detecting
method can further comprise: collecting two pulse signals of
left and right ears in a non-fatigue state of a user by the
photoelectric sensors when the physical sign detecting ear-
phone is initially used; calculating a pulse transmission time
in the non-fatigue state based on the two pulse signals in the
non-fatigue state; collecting two pulse signals of left and
right ears by the photoelectric sensors in real time; calcu-
lating a pulse transmission time based on the two pulse
signals connected by the photoelectric sensors in real time,
and calculating a real time blood pressure value through a
formula:

2
ABP= - — _APTT;
yPPT

wherein, the PTT represents a pulse transmission time
measured in real time, the ABP represents a difference value
between a blood pressure value in the non-fatigue state and
a blood pressure value measured in real time, the APTT
represents a difference value between the pulse transmission
time in the non-fatigue state and the pulse transmission time
measured in real time, the y represents an elastic coeflicient
of a blood vessel, the blood pressure value in the non-fatigue
state is measured by a blood pressure measurement device.
[0023] In an embodiment, performing physical sign
detecting based on the pulse signals to obtain a fatigue
degree can comprise: calculating a pulse peak-to-peak time
period based on a pulse signal connected by a photoelectric
sensor in one of the left receiver and the right receiver;
performing frequency spectrum analysis to a pulse signal
within the pulse peak-to-peak time period to obtain fre-
quency spectrum parameters; and, determining the fatigue
degree based on the frequency spectrum parameters.

[0024] In an embodiment, the frequency spectrum param-
eters can comprise: a low frequency power, a high frequency
power and a ratio of the low frequency power to the high
frequency power. Determining the fatigue degree based on
the frequency spectrum parameters can comprise: compared
to standard values of the frequency spectrum parameters,
when the low frequency power increases, the ratio of the low
frequency power to the high frequency power increases, and
the high frequency power decreases, determining that the
fatigue degree increases; or, when the low frequency power
increases, the ratio of the low frequency power to the high
frequency power increases, and the high frequency power is
constant, determining that the fatigue degree increases; or,
when the low frequency power is constant, the ratio of the
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low frequency power to the high frequency power increases,
and the high frequency power decreases, determining that
the fatigue degree increases.

[0025] In an embodiment, the physical sign detecting
method can further comprise: prompting an abnormal state
of the physical sign information when the obtained physical
sign information is not conformity with a preset condition.
The physical sign information being not conformity with a
preset condition can comprise one or more of: the blood
pressure value being out of a preset blood pressure threshold
range; and a time in which a user is in a fatigue state being
longer than a preset time threshold.

[0026] In an embodiment, the physical sign detecting
method can further comprise: transmitting the physical sign
information to a terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The drawings are used for providing further under-
standing to the technical solutions of the disclosure and form
a portion of the Specification to explain the technical solu-
tions of the disclosure together with embodiments of the
present application, and are not limitations to the technical
solutions of the disclosure.

[0028] FIG. 1 is a schematic diagram of a module archi-
tecture of a physical sign detecting earphone provided by an
embodiment of the disclosure;

[0029] FIG. 2 is a schematic diagram of a physical sign
detecting earphone provided by an embodiment of the
disclosure;

[0030] FIG. 3 is a waveform diagram of transmission of
pulse signals detected in a physical sign detecting earphone
provided by an embodiment of the disclosure;

[0031] FIG. 4 is a fitting curve diagram obtained based on
a measured blood pressure value and pulse transmission
time;

[0032] FIG. 5 is an example diagram of a power spectrum
of a pulse signal within a pulse peak-to-peak time period;
[0033] FIG. 6 is a schematic diagram of a measurement
principle of a physical sign detecting earphone provided by
an embodiment of the disclosure;

[0034] FIG. 7 is a schematic diagram of a module archi-
tecture of a physical sign detecting earphone provided by
another embodiment of the disclosure;

[0035] FIG. 8 is a flow chart of a physical sign detecting
method provided by an embodiment of the disclosure;
[0036] FIG. 9 is a flow chart of a physical sign detecting
method provided by another embodiment of the disclosure;
and

[0037] FIG. 10 is a flow chart of a physical sign detecting
method provided by a yet another embodiment of the
disclosure.

EMBODIMENTS

[0038] In order to enable objects, technical solutions and
advantages of the disclosure to be more clear, embodiments
of the disclosure will be explained below in detail in
conjunction with the drawings. It should be noted that in the
case of not conflicting, the embodiments in the present
application and the features in the embodiments can be
arbitrarily combined with each other.

[0039] The several following specific embodiments pro-
vided by the disclosure can be combined with each other.
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The same or similar concepts or processes may not be
repeated in some embodiments.

[0040] The embodiments of the disclosure provide a
physical sign detecting earphone and a physical sign detect-
ing method. The physical sign detecting earphone collects
two pulse signals of left and right ears by photoelectric
sensors configured in left and right receivers, and performs
physical sign detecting based on the collected pulse signals
by a processor, to obtain physical sign information which
can reflect a physical state of a user of the earphone. The
physical sign detecting earphone provided by the embodi-
ment of the disclosure is easy to carry and can perform
measurement of the physical sign information when the user
uses the earphone, thereby achieving the object of measur-
ing the physical sign information of the user in real time, and
solving the problems that the blood pressure measurement
and fatigue detection in the prior art have poor convenience
and cannot be performed in real time.

[0041] FIG. 1 is a schematic diagram of a module archi-
tecture of a physical sign detecting earphone provided by an
embodiment of the disclosure. FIG. 2 is a schematic diagram
of a physical sign detecting earphone provided by an
embodiment of the disclosure. As shown in FIGS. 1 and 2,
the physical sign detecting earphone 10 provided by an
embodiment of the disclosure can comprise: a processor 11,
and photoelectric sensors 12 configured in left and right
receivers respectively. The photoelectric sensors 12 are used
for collecting two pulse signals of left and right ears. The
processor 11 is used for performing physical sign detecting
based on the pulse signals collected by the photoelectric
sensors 12 to obtain physical information.

[0042] The physical sign detecting earphone 10 provided
by the embodiment of the disclosure can be used for
performing intelligent measurement to the physical sign
information of a human body. With popularity of terminal
devices such as an intelligent phone, the earphone has
become a terminal accessory that is widely used. Hence, the
embodiment of the disclosure integrates a physical sign
detecting function into an earphone and designs the physical
sign detecting earphone 10. The physical sign detecting
earphone 10 in the embodiment of the disclosure for
example can be an in-ear earphone or earphone mic config-
ured for a terminal device which for example can be an
intelligent phone, a tablet computer or a personal digital
assistant (PDA) etc. FIG. 2 is a schematic diagram of a
physical sign detecting earphone. The photoelectric sensors
12 can be arranged in the left and right receivers of the
earphone respectively, and the processor 11 connected with
the photoelectric sensors 12 in the left and right receivers
respectively can be arranged in the earphone. The photo-
electric sensors 12 for example are reflective photoelectric
sensor 12. In this way, when a user uses the physical sign
detecting earphone 10 to listen to music or watch videos, the
physical sign detecting earphone 10 can respectively collect
the pulse signals of the left and right ears of the user through
the photoelectric sensors 12 arranged in the left and right
receivers. As such, the physical sign detecting earphone 10
can collect the two pulse signals. In an embodiment, the
photoelectric sensors 12 can also perform to the two col-
lected pulse signals preprocessing operations such as signal
amplification, analog-to-digital conversion and noise elimi-
nation, and so on. Subsequently, the two collected or pre-
processed pulse signals are transmitted to the processor 11
for performing physical sign detecting.
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[0043] In an embodiment of the disclosure, the processor
11 can perform physical sign detecting based on the two
pulse signals, after receiving the two pulse signals transmit-
ted by the photoelectric sensors 12. Because the two pulse
signals are pulse signals collected at different positions of
the human body, and distances between the different posi-
tions of the human body and a heart are different, transmis-
sion of the two pulse signals have different wave peaks and
wave valleys. The physical sign information of the user can
be calculated based on a difference between the two pulse
signals. The physical sign information can reflect the physi-
cal state of the user.

[0044] In an embodiment of the disclosure, the physical
sign information obtained by the processor 11 can include
but not limited to: one or more of a blood pressure value and
a fatigue degree. In the current situation that the pace of life
continues to speed up, a high blood pressure has become a
major hidden danger that induces people’s diseases and has
severely harmed people’s health. In addition, under the high
pace life and high intensity work, most of people has
different levels of mental fatigue, which will also induce
some diseases and harm people’s health. Therefore, the
physical sign information in the embodiments of the disclo-
sure can be used for monitoring whether a user has a high
blood pressure and whether a user is in the state of mental
fatigue. It should be noted that the physical sign information
in the embodiments of the disclosure can also include other
indexes such as a heart rate value that can reflect a physical
state of a user.

[0045] The blood pressure measurement method in the
prior art generally employs a blood pressure measurement
device which mainly includes a mercury blood pressure
measurement device and an electronic blood pressure mea-
surement device. They require a user to wear a cuff or
wristband when measuring and require the user to perform
measurement initiatively. They provide a less comfort mea-
surement, a complex measuring way and an inconvenient
use. The fatigue detection makes determination mainly
based on the computer, which has the problems of incon-
venient detection and non-in-time detection, etc. The blood
pressure measurement and fatigue detection in the prior art
both have to be performed by particular devices, e.g., a
blood pressure measurement device, a computer terminal
etc. that have problems of inconvenient carry and non-in-
time measurement.

[0046] Because the physical sign detecting earphone 10 in
the embodiment of the disclosure is provided with photo-
electric sensors 12, compared to ways of measuring the
blood pressure value and the fatigue degree in the prior art,
when a user uses the earphone to listen to songs or watch
videos, the physical sign detecting earphone 10 can collect
two pulse signals of left and right ears of the user in real
time, and can process the collected pulse signals, so as to
obtain physical sign information that can reflect the physical
state of the user. By means of the physical sign detecting
earphone 10 provided by the embodiment of the disclosure,
in the process of obtaining the physical sign information, the
physical sign information of the user does not have to be
measured by a particular device, and instead can be obtained
directly by the earphone, which improves comfort degree in
the physical sign detecting process, is easy to use and
achieves the object of measuring the physical sign informa-
tion in real time.
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[0047] The physical sign detecting earphone provided by
an embodiment of the disclosure collects two pulse signals
of left and right ears by photoelectric sensors configured in
left and right receivers and performs physical sign detecting
by a processor based on the collected pulse signals so as to
obtain the physical sign information. The physical sign
information can reflect the physical state of a user of the
earphone. The physical sign detecting earphone provided by
an embodiment of the disclosure is easy to carry and can
perform measurement of the physical sign information when
the user uses the earphone, thereby achieving the object of
measuring the physical sign information of the user in real
time and solving the problems that the blood pressure
measurement and fatigue detection in the prior art have poor
convenience and cannot be performed in real time.

[0048] The above embodiments of the disclosure have
shown that the physical sign information can include: one or
more of a blood pressure value and a fatigue degree.
[0049] In an embodiment of the disclosure, implementa-
tion for performing physical sign detecting by the processor
11 to obtain the blood pressure value can comprise: calcu-
lating a pulse transmission time based on two pulse signals
collected by photoelectric sensors 12, the pulse transmission
time being a time difference between peak values of the two
pulse signals within a same electrocardio cycle; and calcu-
lating the blood pressure value based on a preconfigured
blood pressure model and the pulse transmission time.
[0050] In an embodiment of the disclosure, in the process
of measuring the blood pressure value, it is required to firstly
calculate the time difference between the peak values of two
pulse signals within the same electrocardio cycle, i.e., the
pulse transmission time. FIG. 3 is an example waveform
diagram of transmission of pulse signals detected in a
physical sign detecting earphone provided by an embodi-
ment of the disclosure. The upper waveform in FIG. 3 is the
collected pulse signal of the left ear, and the lower waveform
is the collected pulse signal of the right ear. Because body
parts from which the pulse signals are collected by the
photoelectric sensors 12 in the left and right receivers are
different, times of reaching the detected parts from cardiac
ejection will be different, i.e., the wave peaks and the wave
valleys of the two collected pulse signals are different. The
pulse transmission time can be obtained by comparing the
time difference between the pulse wave peaks of the two
pulse signals within the same electrocardio cycle. Subse-
quently, a blood pressure value corresponding to the col-
lected pulse signals, i.e., a current blood pressure value of a
user, can be calculated by substituting the obtained pulse
transmission time into a preconfigured blood pressure
model.

[0051] According to an embodiment of the disclosure, the
preconfigured blood pressure model can be:

1] (pds® M
BP= - 11\[— —2InPTT|;
vl \ako

[0052] In the above formula (1), BP represents a blood
pressure value, PTT represents a pulse transmission time, y
represents an elastic coefficient of a blood vessel, p repre-
sents blood density, d represents a diameter of the blood
vessel, S? represents a cross-sectional area of the blood
vessel, o represents a thickness of the blood vessel, E,
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represents an initial vascular elasticity modulus. According
to the disclosure, the parameters v, p, d, S?, a, E, can be
typical constants obtained by sampling a large number of
people or performing statistical calculation to a large amount
of data. In practice, with continuous increase of the sampling
and the data, values of these parameters can be continuously
kept accurate, so as to enable the blood pressure value
calculated based on the formula (1) to be more accurate.
[0053] FIG. 4 is a fitting curve diagram obtained based on
the measured exemplary blood pressure value and pulse
transmission time. In FIG. 4, the longitudinal coordinate is
the blood pressure value, and the horizontal coordinate is the
pulse transmission time. The blackspots in FIG. 4 are
experimental data obtained by performing measurement to
the same user for many times wherein the blood pressure
value is obtained through e.g., a mercury blood pressure
measurement device, and the pulse transmission time is
obtained based on the method as described above herein.
The function y in FIG. 4 is obtained by fitting of these
experimental data and represents the blood pressure value. x
represents the pulse transmission time. It can be seen from
FIG. 4 that the blood pressure value and the pulse transmis-
sion time have a good linear relationship, and a correlation
coefficient R? is up to 0.9095. This also proves that, accord-
ing to the disclosure, it is feasible to calculate the blood
pressure value using the pulse transmission time. The func-
tion y in FIG. 4 may be only suitable for a particular user
since the data comes from the particular user. However,
according to the disclosure, more users and more measure-
ment data can be fitted to modify the coeflicient of the
function y, so as to obtain a general function y that is suitable
for a large amount of users. As such, in the case of that the
pulse transmission time is known, the blood pressure value
can be calculated based on the function y.

[0054] In an embodiment of the disclosure, implementa-
tion for performing physical sign detecting by the processor
11 to obtain a fatigue degree can comprise: calculating a
pulse peak-to-peak time period based on a pulse signal
connected by a photoelectric sensor 12 in one of the left
receiver and the right receiver; performing frequency spec-
trum analysis to a pulse signal within the pulse peak-to-peak
time period to obtain frequency spectrum parameters; and,
determining the fatigue degree based on the frequency
spectrum parameters. According to the disclosure, the pulse
peak-to-peak time period refers to an interval time between
two adjacent peak values of a pulse signal.

[0055] In an embodiment of the disclosure, in a way of
determining the fatigue degree, one photoelectric sensor 12
is only required to collect the pulse signal. It can be the
photoelectric sensor 12 in the left receiver of the earphone
and can also be the photoelectric sensor 12 in the right
receiver of the earphone, which will not be defined in the
embodiment of the disclosure. Based on one pulse signal,
the pulse peak-to-peak time period of the pulse signal can be
calculated. Further, frequency spectrum analysis can be
performed to the pulse signal within the pulse peak-to-peak
time period so as to obtain frequency spectrum parameters.
[0056] FIG. 5 is an example diagram of a power spectrum
of a pulse signal within a pulse peak-to-peak time period. As
shown in FIG. 5, within the pulse peak-to-peak time period,
frequencies are mainly between 0.04~0.4 Hz. In FIG. 5,
0.04~0.15 Hz is regarded as low frequency (LF), and
0.15~0.4 Hz is regarded as high frequency (HF). Certainly,
division of the low frequency and the high frequency can be
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changed based on actual conditions. Power between
0.04~0.4 Hz is called a total power (TP). The power corre-
sponding to the low frequency 0.04~0.15 Hz is regarded as
low frequency (LF) power (that is, the low frequency
component of the total power). The power corresponding to
0.15~0.4 Hz is regarded as high frequency (HF) power (that
is, the high frequency component of the total power).
Generally, the LF power is a sign of a degree of sympathetic
nerve excitability. The HF power is related to a mechanical
change caused by breath and reflects a degree of parasym-
pathetic nerve excitability. A ratio of the LF power to the HF
power (i.e. LF power/the HF power) reflects balance of the
sympathetic nerve and the parasympathetic nerve. The
research shows that as the fatigue degree deepens, the LF
power and the LF power/the HF power increase, and the HF
power decreases remarkably. Thus, according to the disclo-
sure, the LF power, the HF power, and the LF power/the HF
power can be taken as the frequency spectrum parameters to
determine the fatigue degree.

[0057] According to the disclosure, in order to determine
a user’s fatigue degree, it is required to obtain values of the
frequency spectrum parameters of the user in a non-fatigue
state when the user uses the earphone according to the
disclosure for the first time (initially), and take them as
standard values of the frequency spectrum parameters, so as
to be compared with the subsequently obtained values of the
frequency spectrum parameters. Thus, the method of deter-
mining the fatigue degree can comprise, compared to the
standard values of the frequency spectrum parameters (in
this example, a standard value of the LF power, the standard
value of the LF power/a standard value of the HF power, the
standard value of the HF power): when the LF power
increases, the LF power/HF power increases, and the HF
power decreases, it can be determined that the fatigue degree
of the user increases; or, when the LF power increases, the
LF power/the HF power increases, and the HF power keeps
constant, it can be determined that the fatigue degree of the
user increases; or, when the LF power keeps constant, the LF
powet/the HF power increases, and the HF power decreases,
it can be determined that the fatigue degree of the user
increases.

[0058] In another embodiment of the disclosure, the pho-
toelectric sensors 12 collecting two pulse signals of the left
and right ears comprises: collecting two pulse signals of the
left and right ears in a non-fatigue state of a user. The
processor 11 is used for calculating the pulse transmission
time and the pulse peak-to-peak time period in the non-
fatigue state based on the pulse signals in the non-fatigue
state collected by the photoelectric sensors 12. In addition,
the blood pressure value of the user in the non-fatigue state
is measured using a blood pressure measurement device, and
is stored in association with the pulse transmission time and
the pulse peak-to-peak time period as previously obtained.
[0059] Thus, according to the disclosure, the physical sign
detecting earphone 10 according to the disclosure can also
calculate the blood pressure value measured in real time
through a formula:

2
ABP=— ——APTT
yPIT

[0060] In the above formula (2), PTT represents a pulse
transmission time measured in real time, ARP represents a
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difference value between a blood pressure value in the
non-fatigue state and a blood pressure value measured in
real time, APTT represents a difference value between the
pulse transmission time in the non-fatigue state and the pulse
transmission time measured in real time, y represents an
elastic coeflicient of a blood vessel, and the blood pressure
value in the non-fatigue state is measured by a blood
pressure measurement device. The processor 11 can calcu-
late the blood pressure value measured in real time through
the above formula (2). The APTT, PTT (which can be
calculated after two pulse signals are measured in real time)
and y (which can also be fitted or counted according to the
formula (1)) in the formula (2) are a known quantity. In
addition, the blood pressure value of the user in to the
non-fatigue state is also a known quantity, and ABP is the
difference value between the blood pressure value in the
non-fatigue state (which can be measured by a blood pres-
sure measurement device) and the blood pressure value
measured in real time (which needs to be finally calculated).

[0061] As described above, the processor 11 can obtain
standard values of the frequency spectrum parameters in the
non-fatigue state based on the pulse peak-to-peak time
period in the non-fatigue state. Subsequently, after the
processor 11 obtains the frequency spectrum parameters
measured in real time based on the pulse signal collected by
the photoelectric sensor 12 in one of the left receiver and the
right receiver, values of the frequency spectrum parameters
measured in real time can be compared with the above
standard values of the frequency spectrum parameters to
determine the fatigue degree. The way of determining the
fatigue degree can be the same as that of the above embodi-
ment of the disclosure. For example, when the LF power and
the LF power/the HF power measured in real time increase
compared to the standard values of the corresponding fre-
quency spectrum parameters, and the HF power measured in
real time decreases compared to the standard value of the
corresponding frequency spectrum parameter, it can be
determined that the fatigue degree of the user increases, i.e.,
the user is in a fatigue state.

[0062] Because a human body is a relative complex sys-
tem, there is a great difference between different users. In
order to eliminate individual difference, the one point cali-
bration method can be used. That is, when a user uses the
earphone according to the disclosure for the first time, two
pulse signals of left and right ears of the user in a non-fatigue
state of the user are collected by the earphone according to
the disclosure, a blood pressure value of the user is measured
by a blood pressure measurement device, and a pulse
transmission time and a pulse peak-to-peak time period in
the non-fatigue state are calculated according to the way in
the above embodiments of the disclosure. Subsequently, the
preset universal constant values can be adjusted according to
the above formula (1) using the measured blood pressure
value and the calculated pulse transmission time, so as to be
adapted to the particular user. In addition, frequency spec-
trum parameters can be obtained based on the measured
pulse peak-to-peak time period in the non-fatigue state of the
particular user as standard values of the frequency spectrum
parameters, so as to be compared with the subsequent
frequency spectrum parameters measured in real time to
obtain the fatigue degree of the particular user.

[0063] It should be noted that, in the embodiments of the
disclosure, when the user is in the non-fatigue state, the two
pulse signals of the left and right ear are collected, and the
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blood pressure value of the user in the non-fatigue state is
measured by a blood pressure measurement device. The
measurement is performed in the non-fatigue state for
obtaining the standard blood pressure value and standard
values of the frequency spectrum parameters so as to serve
as reference values of subsequent measurements. Determi-
nation of the non-fatigue state can include pre-determination
of physical sign information of a user, for example, making
determination by formulating standards of physical sign
information of users. When the measured standard blood
pressure value and the standard values of the frequency
spectrum parameters are within the formulated standards, it
shows that the user is in the non-fatigue state at this time.
[0064] FIG. 6 is a schematic diagram of measurement
principle of a physical sign detecting earphone provided by
an embodiment of the disclosure. After two pulse signals are
collected, the pulse signals can be preprocessed firstly, and
then a blood pressure value and a fatigue degree can be
calculated respectively in two ways. The calculating ways
have been explained in detail in the above embodiments,
which will not be repeated here. In the calculating process,
for a particular user, a blood pressure value and frequency
spectrum parameter standard values for the particular user in
a non-fatigue state can be obtained in one point calibration
way. Subsequently, a real time blood pressure value and/or
a fatigue degree of the user can be calculated and determined
based on the blood pressure value and/or the frequency
spectrum parameter standard values of the user in the
non-fatigue state.

[0065] FIG. 7 is a schematic diagram of a module archi-
tecture of another physical sign detecting earphone provided
by an embodiment of the disclosure. In addition to the
processor 11 and the photoelectric sensors 12 shown in the
above embodiments of the disclosure, the physical sign
detecting earphone 10 as shown in FIG. 7 can further
comprise: a prompt module 13 for prompting an abnormal
state of physical sign information when the physical sign
information obtained by the processor 11 is not conformity
with a preset condition.

[0066] The physical sign information being not confor-
mity with the preset condition can comprise one or more of’
a blood pressure value being out of a preset blood pressure
threshold range, and a time in which the user is in a fatigue
state being longer than a preset time threshold.

[0067] In an embodiment of the disclosure, the prompt
module 13 for example can be a miniature vibrator and is
arranged at a position below the receivers of the earphone.
Referring to the schematic diagram of the physical sign
detecting earphone as shown in FIG. 2, FIG. 2 shows the
position of the prompt module 13. When the processor 11
determines that the physical sign information of a user is not
conformity with a preset condition, the user can be prompted
by vibration of the miniature vibrator to adopt corresponding
countermeasures. For example, the standard blood pressure
value range is: 60 (mmHg)<diastolic pressure<90 mmHg,
90 mmHg<systolic pressure<140) mmHg. When a blood
pressure value measured in real time is out of the above
range, it is regarded that the user’s blood pressure is abnor-
mal. At this moment, the miniature vibrator prompts the user
by vibration that the blood pressure value is abnormal. In
addition, when it is determined that a time in which the user
is in a fatigue state is longer than a preset time threshold
(e.g., 30 minutes) by comparing with the standard values of
the frequency spectrum parameters, the miniature vibrator
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prompts the user by vibration that he/she has been in the
fatigue state for a relatively long time. In this embodiment,
the processor 11 can start timing exactly when it is deter-
mined that the user is in the fatigue state. If, starting from the
timing, the processor 11 continuously determines that the
user is in the fatigue state and the recorded time is longer
than the preset time threshold, the user will be prompted that
he/she has been in the fatigue state for a relatively long time.

[0068] It should be noted that in actual applications, a
vibration form for prompting an abnormal blood pressure
value and a fatigue state can be set as different vibration
modes, and a user can determine specific conditions of
anomaly of physical sign information based on different
vibration modes. In addition, the prompt module according
to the disclosure can be any other forms such as flicker and
so on that can be conceived by the skilled person in the art.

[0069] In an embodiment of the disclosure, the physical
sign detecting earphone 10 can further comprise: a commu-
nication module 14 for transmitting a physical sign infor-
mation obtained by the processor 11 to a terminal device so
that the terminal device displays the physical sign informa-
tion obtained in a preset time range.

[0070] In an embodiment of the disclosure, the physical
sign detecting earphone 10 can further comprise: a power
supply management module 15 for supplying power for
components of the physical sign detecting earphone 10. It
should be noted that the power supply management module
15 can also directly supply power only for some components
therein (e.g., the processor 11), and in turn supply power for
remaining components through these components. The
embodiments of the disclosure will not define it specifically.

[0071] In an embodiment of the disclosure, the commu-
nication module 14 for example can be a Bluetooth module.
It can communicate with a terminal device 17, and can
transmit the obtained physical sign information to the ter-
minal device 17 that establishes a connection with the
Bluetooth module under instruction of the processor 11, so
as to be displayed and stored by the terminal device 17. By
obtaining or storing blood pressure values and the fatigue
degrees of several consecutive days, the terminal device 17
can monitor a long-term trend of a physical state of a user,
so as to provide the user with appropriate health care
suggestions.

[0072] The processor 11 in an embodiment of the disclo-
sure for example is a 32 bit lower power consumption
reduced instruction set computing (RISC) microprocessor,
e.g., an advanced RISC machine (ARM) processor. It can
process the collected signals and control the prompt module
13 and the communication module 14, etc.

[0073] Based on the physical sign detecting earphone
provided by the above embodiments of the disclosure, an
embodiment of the disclosure further provides a physical
sign detecting method. The physical sign detecting method
is carried out by the physical sign detecting earphone 10
provided by any of the above embodiments of the disclosure.

[0074] FIG. 8 is a flow chart of a physical sign detecting
method provided by an embodiment of the disclosure. The
method provided by the embodiment can be carried out by
any of the physical sign detecting earphones 10 as shown in
FIGS. 1, 2, and 7. The method provided by the embodiment
of the disclosure can comprise steps of: S110, collecting two
pulse signals of left and right ears by photoelectric sensors
configured in left and right receivers respectively; S120,

Jan. 31,2019

performing physical sign detecting based on the pulse sig-
nals to obtain physical sign information.

[0075] The physical sign detecting method provided by
the embodiment of the disclosure is an intelligent measure-
ment performed to physical sign information of a human
body. The operation of collecting two pulse signals of left
and right ears can be performed by photoelectric sensors
arranged in the left and right receivers respectively. In this
way, when a user uses the physical sign detecting earphone
to listen to music or watch videos, the pulse signals of the
left and right ears of the user can be collected by the
photoelectric sensors arranged in the left and right receivers,
so as to detect the physical sign information of the user
without using a particular measurement device. In an
embodiment, the photoelectric sensors can also perform to
the two collected pulse signals preprocessing operations
such as signal amplification, analog-to-digital conversion,
noise elimination, and so on. Subsequently, the processor
performs physical sign detecting to the two collected or
preprocessed pulse signals.

[0076] In an embodiment of the disclosure, the physical
sign detecting can be performed based on the two collected
pulse signals. Because the two pulse signals are pulse signals
collected at different positions of a human body, and the
distances between the different positions of the human body
and a heart are different, transmission of the two pulse
signals have different wave peaks and wave valleys. The
physical sign information of the user can be calculated based
on a difference between the two pulse signals. The physical
sign information can reflect the physical state of the user.

[0077] In an embodiment of the disclosure, the physical
sign information obtained in S120 can include but not
limited to: one or more of a blood pressure value and a
fatigue degree. In the current situation that the pace of life
continues to speed up, the high blood pressure has become
a major hidden danger that induces people’s diseases and
has severely harmed the people’s health. In addition, under
the high pace life and high intensity work, most of people
has different levels of mental fatigue, which will also induce
some diseases and harm people’s health. Therefore, the
physical sign information in the embodiment of the disclo-
sure can be used for monitoring whether a user has a high
blood pressure and whether a user is in the state of mental
fatigue. It should be noted that the physical sign information
in the embodiment of the disclosure can also include other
indexes such as a heart rate value and so on that can reflect
the physical state of the user.

[0078] The physical sign detecting method provided by an
embodiment of the disclosure collects two pulse signals of
left and right ears through photoelectric sensors configured
in left and right receivers respectively and performs physical
sign detecting by a processor based on the collected pulse
signals so as to obtain the physical sign information which
can reflect the physical state of the user of the earphone. The
physical sign detecting method provided by an embodiment
of the disclosure is easy to perform measurement and can
perform measurement of the physical sign information when
a user uses the earphone, thereby achieving the object of
measuring the physical sign information of the user in real
time and solving the problems that the blood pressure
measurement and fatigue detection in the prior art have poor
convenience and cannot be performed in real time.
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[0079] The above embodiments of the disclosure have
shown that the physical sign information can include: one or
more of a blood pressure value and a fatigue degree.
[0080] FIG. 9 is a flow chart of another physical sign
detecting method provided by an embodiment of the disclo-
sure. In FIG. 9, step S120 in FIG. 8 is further divided into
different steps. Particularly, in FIG. 9, the physical sign
detecting method can comprise:

[0081] S121, calculating a pulse transmission time based
on the two pulse signals collected by the photoelectric
sensors, the pulse transmission time being a time difference
between peak values of the two pulse signals within a same
electrocardio cycle;

[0082] S122, calculating the blood pressure value based
on a preconfigured blood pressure model and the pulse
transmission time.

[0083] In an embodiment of the disclosure, in the process
of measuring the blood pressure value, it is required to firstly
calculate the time difference between the peak values of two
pulse signals within the same electrocardio cycle, i.e., the
pulse transmission time. Reference can be made to the
waveform diagram of transmission of pulse signals as shown
in FIG. 3. The pulse transmission time can be obtained by
comparing the time difference between the pulse wave peaks
of the two pulse signals within the same electrocardio cycle
in FIG. 3. Subsequently, a blood pressure value correspond-
ing to the collected pulse signals, i.e., the current blood
pressure value of the user, can be calculated by comparing
the obtained pulse transmission time with a preconfigured
blood pressure model.

[0084] In an actual application of the embodiment of the
disclosure, obtaining the pre-configured blood pressure
model can comprise a formula:

1
BP=-
Y

pds? (1).
Inf —— | - 2InPTT|;
OZEO

[0085] In the above formula (1), as described above, BP
represents a blood pressure value, PTT represents a pulse
transmission time, y represents an elastic coefficient of a
blood vessel, p represents blood density, d represents a
diameter of the blood vessel, S* represents a cross-sectional
area of the blood vessel, o represents a thickness of the
blood vessel, E, represents an initial vascular elasticity
modulus.

[0086] In an embodiment of the disclosure, the physical
sign detecting method as shown in FIG. 9 can comprise:
[0087] S123, calculating a pulse peak-to-peak time period
based on a pulse signal connected by a photoelectric sensor
in one of the left receiver and the right receiver;

[0088] S124, performing frequency spectrum analysis to
the pulse signal within the pulse peak-to-peak time period to
obtain frequency spectrum parameters; and

[0089] S125, determining a fatigue degree based on the
frequency spectrum parameters.

[0090] In an embodiment of the disclosure, the above
frequency spectrum parameters can include: a LF power, a
HF power and the LF power/the HF power. Reference can
be made to the schematic diagram of the power spectrum of
a pulse signal within a pulse peak-to-peak time period as
shown in FIG. 5, which shows the main frequency param-
eters such as LF, HF. The research shows that as the fatigue
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degree deepens, the LF power and the LF power/the HF
power increase, and the HF power decreases remarkably.
Therefore, the method of determining the fatigue degree can
comprise, relative to standard values of the frequency spec-
trum parameters: when the LF power increases, the LF
powet/the HF power increases, and the HF power decreases,
it can be determined that the fatigue degree of the user
increases; or, when the LF power increases, the LF power/
the HF power increases, and the HF power keeps constant,
it can be determined that the fatigue degree of the user
increases; or, when the LF power keeps constant, the LF
powet/the HF power increases, and the HF power decreases,
it can be determined that the fatigue degree of the user
increases.

[0091] In an embodiment of the disclosure, collecting the
two pulse signals of the left and right ears in the physical
sign detecting method comprises: collecting two pulse sig-
nals of left and right ears of a user in a non-fatigue state. In
this case, the physical sign detecting method can comprise
calculating a pulse transmission time and a pulse peak-to-
peak time period in the non-fatigue state based on the pulse
signals in the non-fatigue state collected by the photoelectric
sensors 12. In addition, the blood pressure value of the user
in the non-fatigue state is measured using a blood pressure
measurement device, and is stored in association with the
pulse transmission time and the pulse peak-to-peak time
period as previously obtained.

[0092] Thus, according to the disclosure, the physical sign
detecting method according to the disclosure can also cal-
culate the blood pressure value measured in real time
through a formula:

ABP > _APTT @
T TyPIT

[0093] In the above formula (2), PTT represents a pulse
transmission time measured in real time, ABP represents a
difference value between a blood pressure value in the
non-fatigue state and a blood pressure value measured in
real time, APTT represents a difference value between the
pulse transmission time in the non-fatigue state and the pulse
transmission time measured in real time, y represents an
elastic coeflicient of a blood vessel, the blood pressure value
in the non-fatigue state is measured by a blood pressure
measurement device.

[0094] The blood pressure value measured in real time can
be calculated through the above formula (2). The APTT, PTT
(which can be calculated after two pulse signals are mea-
sured in real time) and y (which can also be fitted or counted
according to the formula (1)) in the formula (2) are all a
known quantity. In addition, the blood pressure value of the
user in the non-fatigue state is also a known quantity, and
ABP is the difference value between the blood pressure value
in the non-fatigue state (which can be measured by a blood
pressure measurement device) and the blood pressure value
measured in real time (a blood pressure value which needs
to be finally calculated). Therefore, the blood pressure value
measured in real time can be obtained according to the
formula (2).

[0095] As described above, the physical sign detecting
method can comprise obtaining the standard values of the
frequency spectrum parameters in the non-fatigue state
based on the pulse peak-to-peak time period in the non-
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fatigue state. In addition, the above physical sign detecting
method can comprise, after obtaining, based on the pulse
signal collected by the photoelectric sensor 12 in one of the
left receiver and the right receiver, the frequency spectrum
parameters measured in real time, comparing the frequency
spectrum parameters measured in real time with the above
standard values of the frequency spectrum parameters to
determine the fatigue degree. The way of determining the
fatigue degree can be the same as that of the above embodi-
ments of the disclosure. For example, when the LF power
and the LF power/the HF power measured in real time
increase compared to standard values of the corresponding
frequency spectrum parameters, and the HF power measured
in real time decreases compared to the standard value of the
corresponding frequency spectrum parameter, it can be
determined that the fatigue degree of the user increases, i.e.,
the user is in a fatigue state.

[0096] Because the human body is a relative complex
system, there is a great difference between different users. In
order to eliminate individual difference, the one point cali-
bration method can be used. That is, when a user uses the
earphone according to the disclosure for the first time, two
pulse signals of left and right ears of the user in the
non-fatigue state of the user are collected using the earphone
according to the disclosure, the blood pressure value of the
user is measured by a blood pressure measurement device,
and the pulse transmission time and pulse peak-to-peak time
period in the non-fatigue state are calculated according to
the ways in the above embodiments of the disclosure.
Subsequently, the preset universal constant parameter values
can be adjusted according to the above formula (1) using the
measured blood pressure value and the calculated pulse
transmission time, so as to be adapted to the particular user.
In addition, the frequency spectrum parameters can be
obtained based on the measured pulse peak-to-peak time
period in the non-fatigue state of the particular user as the
standard values of the frequency spectrum parameters, so as
to be compared with the subsequent frequency spectrum
parameters measured in real time to obtain the fatigue
degree of the particular user.

[0097] It should be noted that the embodiments of the
disclosure collect the two pulse signals of the left and right
ears when the user is in the non-fatigue state and measures
the blood pressure value of the user in the non-fatigue state
through a blood pressure measurement device. The mea-
surement is performed in the non-fatigue state for obtaining
the standard blood pressure value and the frequency spec-
trum parameter standard values so as to serve as the refer-
ence values of the subsequent measurements. The determi-
nation of the non-fatigue state can include pre-determination
of the physical sign information of the user, for example,
making determination by formulating standards of physical
sign information of users. When the measured standard
blood pressure value and the frequency spectrum parameter
standard values are within the formulated standards, it
shows that the user is in the non-fatigue state at this time.
[0098] FIG. 10 is a flow chart of a yet another physical
sign detecting method provided by an embodiment of the
disclosure. In addition to the steps as shown in FIG. 8, the
physical sign detecting method as shown in FIG. 10 can
further comprise:

[0099] S130, prompting an abnormal state of the physical
sign information when the obtained physical sign informa-
tion is not conformity with a preset condition.
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[0100] The physical sign information being not confor-
mity with a preset condition can comprise one or more of:
the blood pressure value being out of a preset blood pressure
threshold range; and a time in which the user is in a fatigue
state being longer than a preset time threshold.

[0101] In an embodiment of the disclosure, the method
can further comprise: S140, transmitting the physical sign
information to a terminal device, so that the terminal device
displays physical sign information obtained in a preset time
range.

[0102] In an embodiment of the disclosure, the terminal
device can monitor a long-term trend of the physical sign
information. Based on the blood pressure values and the
fatigue degrees measured in several consecutive days, the
terminal device can provide the user with appropriate health
care suggestions. In addition, according to the disclosure,
the terminal device can also perform any other appropriate
processing to the physical sign information as needed.
[0103] Although the implementations disclosed by the
disclosure have been described above, the contents are
merely implementations used for convenient understanding
of the disclosure rather than limiting the disclosure. Any
skilled person in the art of the disclosure, on the premise of
not departing from the spirit and the scope disclosed by the
disclosure, can make any amendment and variation to forms
and details of implementations. However, the patent protec-
tion scope of the disclosure still has to be subject to the scope
defined by the attached claims.

1. A physical sign detecting earphone, comprising: a
processor, and photoelectric sensors configured in left and
right receivers respectively;

the photoelectric sensors are used for collecting two pulse

signals of left and right ears;

the processor is used for performing physical sign detect-

ing based on the pulse signals collected by the photo-
electric sensors to obtain physical sign information.

2. The physical sign detecting earphone according to
claim 1, wherein the physical sign information comprises:
one or more of a blood pressure value and a fatigue degree.

3. The physical sign detecting earphone according to
claim 2, wherein the processor performing physical sign
detecting to obtain a blood pressure value comprises:

calculating pulse transmission time based on the two

pulse signals collected by the photoelectric sensors, the
pulse transmission time being a time difference
between peak values of the two pulse signals within a
same electrocardio cycle;

calculating the blood pressure value based on a precon-

figured blood pressure model and the pulse transmis-
sion time.

4. The physical sign detecting earphone according to
claim 3, wherein the preconfigured blood pressure model
comprises a formula:

wherein the BP represents the blood pressure value, the
PTT represents the pulse transmission time, the v
represents an elastic coeflicient of a blood vessel, the p
represents blood density, the d represents a diameter of
the blood vessel, the S? represents a cross-sectional
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area of the blood vessel, the o represents a thickness of
the blood vessel, and the E, represents an initial vas-
cular elasticity modulus.

5. The physical sign detecting earphone according to
claim 2, wherein the photoelectric sensors are used for
collecting two pulse signals of left and right ears in a
non-fatigue state of a user when the physical sign detecting
earphone is initially used, and collecting two pulse signals of
left and right ears in real time;

the processor is used for calculating a pulse transmission

time in the non-fatigue state based on the pulse signals
in the non-fatigue state collected by the photoelectric
sensors, calculating a pulse transmission time based on
the two pulse signals connected by the photoelectric
sensors in real time, and calculating a real time blood
pressure value through a formula:

2
——APTT;

ABP= -~ PTT

wherein the PTT represents a pulse transmission time
measured in real time, the ABP represents a difference
value between a blood pressure value in the non-fatigue
state and a blood pressure value measured in real time,
the APTT represents a difference value between the
pulse transmission time in the non-fatigue state and the
pulse transmission time measured in real time, the y
represents an elastic coefficient of a blood vessel, the
blood pressure value in the non-fatigue state is mea-
sured by a blood pressure measurement device.

6. The physical sign detecting earphone according to
claim 2, wherein the processor performing physical sign
detecting to obtain a fatigue degree comprises:

calculating a pulse peak-to-peak time period based on a

pulse signal connected by a photoelectric sensor in one
of the left receiver and the right receiver,

performing frequency spectrum analysis to a pulse signal

within the pulse peak-to-peak time period to obtain
frequency spectrum parameters; and,

determining the fatigue degree based on the frequency
spectrum parameters.

7. The physical sign detecting earphone according to
claim 6, wherein the frequency spectrum parameters com-
prise: a low frequency power, a high frequency power and
a ratio of the low frequency power to the high frequency
power;

determining the fatigue degree based on the frequency

spectrum parameters comprises: compared to standard
values of the frequency spectrum parameters,

when the low frequency power increases, the ratio of the
low frequency power to the high frequency power
increases, and the high frequency power decreases,
determining that the fatigue degree increases; or,

when the low frequency power increases, the ratio of the
low frequency power to the high frequency power
increases, and the high frequency power is constant,
determining that the fatigue degree increases; or,

when the low frequency power is constant, the ratio of the
low frequency power to the high frequency power
increases, and the high frequency power decreases,
determining that the fatigue degree increases.
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8. The physical sign detecting earphone according to
claim 7, wherein the standard values of the frequency
spectrum parameters are obtained by:

the photoelectric sensor in one of the left receiver and the

right receiver collecting a pulse signal in a non-fatigue
state; and

the processor calculating a pulse peak-to-peak time period

in the non-fatigue state based on the pulse signal in the
non-fatigue state collected by the photoelectric sensor,
and performing frequency spectrum analysis to the
pulse signal within the pulse peak-to-peak time period
to obtain values of frequency spectrum parameters as
standard values of the frequency spectrum parameters.

9. The physical sign detecting earphone according to
claim 1, further comprising: a prompt module for prompting
an abnormal state of the physical sign information when the
physical sign information obtained by the processor is not
conformity with a preset condition.

10. The physical sign detecting earphone according to
claim 9, wherein the physical sign information being not
conformity with a preset condition comprises one or more
of:

the blood pressure value being out of a preset blood

pressure threshold range; and

a time in which a user is in a fatigue state being longer

than a preset time threshold.
11. The physical sign detecting earphone according to
claim 1, further comprising: a communication module for
transmitting the physical sign information to a terminal.
12. A physical sign detecting method, comprising:
collecting, by photoelectric sensors configured in left and
right receivers of a physical sign detecting earphone
respectively, two pulse signals of left and right ears;

performing physical sign detecting based on the pulse
signals to obtain physical sign information.

13. The physical sign detecting method according to claim
12, wherein the physical sign information comprises: one or
more of a blood pressure value and a fatigue degree.

14. The physical sign detecting method according to claim
13, wherein performing physical sign detecting based on the
pulse signals to obtain a blood pressure value comprises:

calculating a pulse transmission time based on the two

pulse signals collected by the photoelectric sensors, the
pulse transmission time being a time difference
between peak values of the two pulse signals within a
same electrocardio cycle;

calculating the blood pressure value based on a precon-

figured blood pressure model and the pulse transmis-
sion time.

15. The physical sign detecting method according to claim
14, wherein the preconfigured blood pressure model com-
prises a formula:

1 (pds?
BP = —|ln| —— | - 2InPTT|;
yl \ako

wherein the BP represents the blood pressure value, the
PTT represents the pulse transmission time, the v
represents an elastic coeflicient of a blood vessel, the p
represents blood density, the d represents a diameter of
the blood vessel, the S? represents a cross-sectional
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area of the blood vessel, the o represents a thickness of
the blood vessel, and the E, represents an initial vas-
cular elasticity modulus.

16. The physical sign detecting method according to claim

13, further comprising:

collecting two pulse signals of left and right ears in a
non-fatigue state of a user by the photoelectric sensors
when the physical sign detecting earphone is initially
used;

calculating a pulse transmission time in the non-fatigue
state based on the two pulse signals in the non-fatigue
state;

collecting two pulse signals of left and right ears by the
photoelectric sensors in real time;

calculating a pulse transmission time based on the two
pulse signals connected by the photoelectric sensors in
real time, and calculating a real time blood pressure
value through a formula:

2
ABP= - —APIT;
yPIT "

wherein the PTT represents a pulse transmission time
measured in real time, the ABP represents a difference
value between a blood pressure value in the non-fatigue
state and a blood pressure value measured in real time,
the APTT represents a difference value between the
pulse transmission time in the non-fatigue state and the
pulse transmission time measured in real time, the y
represents an elastic coefficient of a blood vessel, the
blood pressure value in the non-fatigue state is mea-
sured by a blood pressure measurement device.

17. The physical sign detecting method according to claim
13, wherein performing physical sign detecting based on the
pulse signals to obtain a fatigue degree comprises:

calculating a pulse peak-to-peak time period based on a

pulse signal connected by a photoelectric sensor in one
of the left receiver and the right receiver,

Jan. 31,2019

performing frequency spectrum analysis to a pulse signal
within the pulse peak-to-peak time period to obtain
frequency spectrum parameters; and

determining the fatigue degree based on the frequency

spectrum parameters.

18. The physical sign detecting method according to claim
16, wherein the frequency spectrum parameters comprises:
a low frequency power, a high frequency power and a ratio
of the low frequency power to the high frequency power;

determining the fatigue degree based on the frequency

spectrum parameters comprises: compared to standard
values of the frequency spectrum parameters,

when the low frequency power increases, the ratio of the

low frequency power to the high frequency power
increases, and the high frequency power decreases,
determining that the fatigue degree increases; or,
when the low frequency power increases, the ratio of the
low frequency power to the high frequency power
increases, and the high frequency power is constant,
determining that the fatigue degree increases; or,
when the low frequency power is constant, the ratio of the
low frequency power to the high frequency power
increases, and the high frequency power decreases,
determining that the fatigue degree increases.

19. The physical sign detecting method according to claim
12, further comprising:

prompting an abnormal state of the physical sign infor-

mation when the obtained physical sign information is
not conformity with a preset condition; and wherein the
physical sign information being not conformity with a
preset condition comprises one or more of:

the blood pressure value being out of a preset blood

pressure threshold range; and

a time in which a user is in a fatigue state being longer

than a preset time threshold.

20. The physical sign detecting method according to claim
12, further comprising: transmitting the physical sign infor-
mation to a terminal.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
11 AR
HhEREESE

BEG®)

PRI T —HYEFSRAUENNYEFSRN G E. DEFSKMNEN
SELEEND A REEEMARREPLBARSE, LBER—RER
TREEEMNAENWAMFFES. LERATREXBEABRBIREN
FORESHTNEFSKRN  BENEFSEE. FRAIEHFERT
NEZRPMENENRFERMFSTE , FEEKATHETNEN R,

patsnap
YIERFR SN B AL YD IBAR RN 55 7%

US20190029539A1 NI (»&E)B 2019-01-31

US15/942816 FER 2018-04-02
REFRBEREARBERAT

RERFREEARDERAF.

BRI R EARDHRAF.

DU HuI

DU, HUI

A61B5/021 A61B5/16 A61B5/00 HO4R1/10

A61B5/02125 A61B5/165 A61B5/6803 A61B5/7278 H04R1/1091 H04R1/1016 A61B5/6817 H04R5/033
201710633308.3 2017-07-28 CN

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/d371c37a-62c4-435e-814e-e296c98279ad
https://worldwide.espacenet.com/patent/search/family/060460946/publication/US2019029539A1?q=US2019029539A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190029539%22.PGNR.&OS=DN/20190029539&RS=DN/20190029539

