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(57) ABSTRACT

Provided herein are biosignal measurement means and a
biosignal monitoring system using, for example, an ear-
phone. For example in one embodiment, an earphone is
provided that includes a first sensor disposed around an
output of a left earphone, a second sensor disposed around
an output of a right earphone, and a transmitter configured
to transmit bio-signals acquired from the first sensor and the
second sensor to a digital device. The first sensor can include
a first bio-signal electrode, and the second sensor can
include a second bio-signal electrode.
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FIG. 1

FIG. 2
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FIG. 4
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FIG. 5
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EARPHONE COMPRISING BIO-SIGNAL
MEASUREMENT MEANS, AND BIO-SIGNAL
MONITORING SYSTEM COMPRISING
SAME

[0001] This application is a continuation of International
Application No. PCT/KR2016/005375 filed on May 20,
2016, which claims priority to Korean Application No.
10-2015-0070249 filed on May 20, 2015. The applications
are expressly incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to biosignal measure-
ment means and a biosignal monitoring system including,
for example, earphones.

BACKGROUND

[0003] Due to recent rapid progress in science and tech-
nology, the quality of life of all mankind is being enhanced
and medical environment has changed a great deal. When a
medical image is taken by means of X-ray, CT, {MRI or the
like, it can take several hours or days to be able to interpret
the image.

[0004] However, a picture archive communication system
(PACS) has been introduced that can enable a medical image
to be taken and then transmitted to a monitor screen of a
radiology specialist for prompt interpretation thereof. Fur-
ther, medical equipment for ubiquitous healthcare are widely
spread so that self-checks on blood glucose and blood
pressure are feasible at anytime and anywhere out of hos-
pital, and diabetic or hypertensive patients are using the
equipment at their home or office.

[0005] For example, in connection with hypertension,
which is one of the principal causes of various diseases and
whose prevalence rate is increasing, there is a need for a
system for consistent measurement and real-time notifica-
tion of blood pressure, and various approaches are being
attempted.

[0006] As one exemplary technique for measuring blood
pressure, ubiquitous healthcare (u-Health) has been intro-
duced in which blood pressure can be measured in real time
by a blood pressure measurement sensor inserted in a
pulmonary artery of a patient suffering a chronic heart
disease, and then wirelessly transmitted to an attending
doctor so that the doctor can monitor variations in the blood
pressure in the pulmonary artery of the patient and give a
prescription to the patient. This technique is advantageous in
that it can allow a patient to decrease significantly the
number of visits to a hospital. While this approach has the
advantage of measuring blood pressure continuously and
accurately, it accompanies an invasive blood pressure mea-
surement method, and thus can cause operational difficulties
and risks of arterial damage, infection, and similar issues.

[0007] Therefore, systems for non-invasively measuring
blood pressure in real time without inserting any blood
pressure measurement sensor in arterial blood vessels are
desirable. Further, monitoring blood pressure in a ubiquitous
environment and then providing biofeedback on the mea-
sured blood pressure to a user so that the user may adjust the
blood pressure is also desirable.

[0008] Other approaches have been explored. For
example, a technique has been introduced in which a cuff is
attached to an arm of a user to measure blood pressure.
However, according to the technique, someone (the user or
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another person) must operate a blood pressure measurement
apparatus in order to obtain the measured level of the blood
pressure, and thus it is difficult to continuously measure the
blood pressure.

[0009] Inorder to give warning of hypertension and allow
a patient to receive emergency medical treatment in a short
time, it is desirable for a technique to continuously measure
blood pressure and notify a result of the blood pressure
measurement in real time so that the patient may personally
prevent and manage the hypertension.

[0010] For example, a system can have a wearable device
provided with a non-invasive sensor or sensor module for
measuring ECG, PPG and SpO, signals, and blood pressure
is monitored in real time by processing the signals and
estimating blood pressure levels.

[0011] The specific configuration for estimating blood
pressure based on measured biosignals is described in the
disclosures of Korean Patent Application Nos. 2013-116158
and 2013-116165, which are incorporated herein by refer-
ence in their entirety.

[0012] In the following, ECG, PPG and SpO, signals
belonging to multiple biosignals mentioned herein will be
discussed in more detail. Other biosignals may be further
included in the multiple biosignals.

[0013] Techniques for measuring an ECG signal, among
other biosignals, using earphones have existed in the art. For
example, Korean Laid-Open Patent Publication No.
10-2010-0001360 (titled “Portable device for measuring
biological signal™) discloses a technique for collecting an
ECG signal from a first electrode attached to one of ear-
phones and a second electrode attached to an upper arm of
a user.

[0014] However, such techniques have disadvantages. For
example, biosignals cannot be collected in a simple fashion
that encourages compliance by a user (such as by simply
wearing earphones), and accurate measurements suffer. A
separate device must be attached to another body part (e.g.,
an upper arm of a wearer of the earphones) in order to
measure the biosignals.

SUMMARY

[0015] As applied below, an electrocardiogram (ECG) is a
waveform consisting of a vector sum of action potentials
generated by a special excitatory and conductive system of
a heart. That is, it is obtained by measuring, from an
electrode contacting the outside of a body, a signal related to
a vector sum of active potentials generated by the compo-
nents of the heart such as sinoatrial node (SA node), atrio-
ventricular node (AV node), His bundle, His bundle branch,
and Purkinje fibers. For example, the ECG signal can be
obtained using a standard limb lead method.

[0016] A photoplethysmogram (PPG) signal is a pulse
wave signal measured at peripheral blood vessels when
blood ejected during a ventricular systole is delivered to the
peripheral blood vessels. The PPG signal can be measured
using optical properties of biological tissues. For example, it
can be obtained by attaching a PPG sensor or sensor module
(a light sensor or sensor module) configured to measure a
pulse wave signal to a region where peripheral blood vessels
are distributed (e.g., fingertips or tiptoes) and then convert-
ing variations in blood stream flow (corresponding to varia-
tions in the volume of the peripheral blood vessels) into
variations in light intensity. The PPG signal can be measured
by irradiating red light generated by a light emitter or



US 2017/0105679 A1l

emitting unit of the PPG sensor or sensor module onto a
body part, and then observing variations in the intensity of
light reflected from the body part and received by a light
receiver or receiving unit. Meanwhile, rather than using only
the PPG signal, a correlation between the PPG and ECG
signals can be analyzed to derive information such as a pulse
transit time (PTT) or a pulse wave velocity (PWV) for use
in, for example, diagnosing cardiovascular diseases.

[0017] Provided herein, feature points can be obtained
from a second derivative of a PPG signal, and time intervals
are measured with respect to peak points (or R waves) of an
ECG signal to derive PTT and PWV signals for use in
diagnosing blood vessel conditions, artery hardening,
peripheral circulatory disturbance, and the like.

[0018] An oxygen saturation level (or saturation of periph-
eral oxygen; SpQO,) signal is a biosignal representing the
content of oxygen present in hemoglobin among various
components of blood. The SpO, signal may be measured by
emitting red light and infrared light in alternating periods so
that the emitted light is irradiated to peripheral blood vessels
of a body part, and then observing variations in the intensity
of light reflected from the body part and received by a light
receiver or receiving unit. For example, the SpO, signal can
be measured using the above-described PPG sensor or
sensor module (which is a light sensor or sensor module).
[0019] Earphones using various biosignal measurement
methods are provided for use herein.

[0020] Provided herein are earphones including biosignal
measurement means so that a user can easily measure
biosignals of the user in a situation in which the earphones
are in use.

[0021] Also provided herein are earphones configured to
measure biosignals only with sensors attached thereon,
thereby avoiding the inconvenience of attaching sensors
other than those attached on the earphones to another body
part.

[0022] Also provided herein is a biosignal monitoring
system configured to store data obtained by measuring
biosignals of a wearer of earphones in real time, and
processing the data to provide a variety of presentations.
[0023] Also provided herein is a biosignal monitoring
system including a communicator or communication mod-
ule through which a result of real-time monitoring of bio-
signals of a wearer of earphones can be transmitted to an
external server, thereby ensuring an agile and accurate
response to an emergency situation in which a problem
arises in health condition of the wearer.

[0024] The objects of the invention are not limited to the
aforementioned ones, and other objects not mentioned
herein will be apparently appreciated by those skilled in the
art to which the present invention pertains in view of the
following detailed description.

[0025] Earphones provided herein include a first sensor or
sensor unit disposed around an audio output or output unit
of the left earphone, a second sensor or sensor unit disposed
around an audio output or output unit of the right earphone,
and a transmitter or transmission unit configured to transmit
biosignals obtained from the first and second sensors or
sensor units to a digital device. The first sensor or sensor unit
includes a first biosignal electrode, and the second sensor or
sensor unit includes a second biosignal electrode.

[0026] For example in the earphones, the first and second
biosignal electrodes can collect biosignals including elec-
trocardiogram (ECG) signals. The first and second biosignal
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electrodes can collect other biosignals that can be collected
by, for instance, electrodes, as well as the ECG signals.
[0027] Further, when the transmitter or transmission unit
transmits the biosignals obtained from the first and second
sensors or sensor units to the digital device, a plurality of
first time slots (2¢) and a plurality of second time slots (2¢+1)
alternately arranged in a time dimension can be defined, and
signals from the first sensor or sensor unit can be received
only in the first time slots (27) and those from the second
sensor or sensor unit can be received only in the second time
slots (27+1).

[0028] Meanwhile, one or both of the first and second
sensors or sensor units can include sensors or sensor mod-
ules to measure photoplethysmogram (PPG) and oxygen
saturation level (SpO,) signals. Further, one or both of the
first and second sensors or sensor units can include one or
both of a body temperature measurer or module and a pulse
measurer or module.

[0029] The earphones can further include a biosignal
processor or processing unit. In this case, the biosignal
processor or processing unit is configured to be at least one
of an amplifier, a filter, and an analog-digital converter.
[0030] In the earphones, the transmitter or transmission
unit can be of a wired type or a wireless type. When the
transmitter is of a wired type, the biosignal processor or
processing unit can be provided in a cable of the earphones,
preferably where the cables of the left and right earphones
meet. When the transmitter is of a wireless type, the bio-
signal processor or processing unit can be provided in a
wireless receiver.

[0031] The earphones can further include a storage unit. In
this case, the biosignals collected from the first and second
sensors are stored in the storage unit, and times and/or
conditions in which the biosignals are collected can be
stored together when the biosignals are stored. Here, the
conditions in which the biosignals are collected can be, for
example, atmospheric conditions (such as temperature and
pressure) or geographical conditions (such as latitude, lon-
gitude, and altitude) at the time of collecting the biosignals.
Further, the conditions can also include ambient noises,
images and the like, and the storage of the conditions in
which the biosignals are collected can be selectively per-
formed according to additional sensors and input devices
connected to the earphones. The conditions in which the
biosignals are collected are not limited to those listed above.
[0032] The earphones can also include a display or display
unit. In this case, the display or display unit can display
information on the biosignals stored in the storage unit
according to a selection of a wearer of the earphones, or in
a predetermined manner.

[0033] The earphones can further include a battery. The
battery can be charged by wire(s) or wirelessly from a power
source of the digital device when the earphones are con-
nected by wire(s) or wirelessly to the digital device.
[0034] Also provided herein is a biosignal monitoring
system including the above-described earphones and the
digital device to which the earphones are connected.
[0035] The system includes earphones and a digital device
connected to the earphones. The earphones can include a
first sensor or sensor unit disposed around an audio output
or output unit of the left earphone, a second sensor or sensor
unit disposed around an audio output or output unit of the
right earphone, and a transmitter or transmission unit to
transmit biosignals obtained from the first and second sen-
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sors or sensor units to the digital device. Here, the first
sensor can include a first biosignal electrode, and the second
sensor can include a second biosignal electrode. The digital
device can include a storage means to store and manage
information on the biosignals transmitted from the ear-
phones, and a communicator or communication means to
transmit the information on the biosignals to an external
server.

[0036] In the biosignal monitoring system, the first and
second biosignal electrodes can collect biosignals including
electrocardiogram (ECG) signals.

[0037] Meanwhile, when the transmitter transmits the
biosignals obtained from the first and second sensors to the
digital device, a plurality of first time slots (2f) and a
plurality of second time slots (2¢+1) alternately arranged in
a time dimension can be defined, and signals from the first
sensor can be received only in the first time slots (2¢) and
those from the second sensor can be received only in the
second time slots (2¢+1).

[0038] In the biosignal monitoring system, one or both of
the first and second sensors can include sensors or sensor
modules to measure photoplethysmogram (PPG) and oxy-
gen saturation level (SpO,) signals. Further, one or both of
the first and second sensors can include one or both of a body
temperature module and a pulse module.

[0039] In the biosignal monitoring system, the digital
device can include a calculator or calculation means. In this
case, the calculator or calculation means can be configured
to calculate blood pressure levels of a user based on infor-
mation on the measured ECG, PPG and SpO, signals.

[0040] In the biosignal monitoring system, the digital
device can include a GPS module. In this case, the system
can autonomously determine whether the information on the
biosignals acquired through the storage means and the
calculator or calculation means of the digital device falls
within a predetermined range, and, when an emergency
situation is determined, can transmit GPS information
acquired from the GPS module to an external server through
the communication means. Otherwise, the system can trans-
mit the acquired information on the biosignals to the exter-
nal server through the communicator without making the
determination, and, when an emergency situation is recog-
nized in view of the biosignals transmitted to the external
server, the external server can notify the emergency situation
to the digital device through the communicator so that the
digital device can provide a GPS signal to the external
server.

[0041] In addition, other configurations can be further
provided according to the technical ideas of the invention.

[0042] Provided herein are earphones including biosignal
measurement means so that a user can easily measure
biosignals of the user in a situation in which the earphones
are in use.

[0043] Also provided herein are earphones configured to
measure biosignals only with sensors attached thereon,
thereby avoiding the inconvenience of attaching sensors
other than those attached on the earphones to another body
part.

[0044] Data obtained by measuring biosignals of a wearer
of earphones in real time can be stored and processed to
provide a variety of presentations so that variations in the
biosignals of the user over time can be easily recognized,
thereby providing feedback on the variations in the biosig-
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nals over time while the user is carrying out an exercise or
a diet for a specific period of time.

[0045] Also provided herein is a biosignal monitoring
system with earphones, a digital device to which the ear-
phones are connected, and a communicator or communica-
tion module through which a result of real-time monitoring
of biosignals of a wearer of the earphones can be transmitted
to an external server, thereby ensuring an agile and accurate
response to an emergency situation in which a problem
arises in health condition of the wearer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 shows one embodiment of a blood pressure
measurement method.

[0047] FIG. 2 shows a first electrode and a second elec-
trode for ECG measurement around audio outputs of both
earphones.

[0048] FIG. 3 shows sensors for collecting other biosignal
information provided around the audio outputs of the ear-
phones.

[0049] FIG. 4 shows an embodiment in which modules for
measuring PPG and SpO, signals are configured as trans-
missive modules when earphones are sports-type earphones
having structures for covering the periphery of ears.
[0050] FIG. 5 shows that biosignal information acquired
by the biosignal sensors disposed around the audio outputs
of the earphones is transmitted through an earphone cable.
[0051] FIG. 6 shows a biosignal processing unit provided
to the earphones.

[0052] FIG. 7 shows electrocardiogram signal information
respectively collected from the left and right earphones
according to the invention being alternatively transmitted.
[0053] FIG. 8 is a conceptual diagram showing that a
system with the earphones and the digital device connected
thereto transmits acquired biosignal information to an exter-
nal server through a communication module thereof.

DETAILED DESCRIPTION

[0054] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings to enable those skilled in the art to
easily implement the invention.

[0055] In order to clearly illustrate the present invention,
detailed descriptions on the elements irrelevant to the inven-
tion will be omitted, and the same elements will be denoted
by the same reference numerals throughout the entire speci-
fication. Further, the shape and size of each element shown
in the drawings are arbitrarily shown for convenience of
illustration, and the present invention is not necessarily
limited to the shown shape and size. That is, specific shapes,
structures and characteristics described herein may be
implemented as modified from one embodiment to another
without departing from the spirit and scope of the invention.
Furthermore, it shall be understood that the locations or
arrangements of individual elements may also be modified
without departing from the spirit and scope of the invention.
Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of the invention is
to be taken as encompassing the scope of the appended
claims and all equivalents thereof.

[0056] Although preferred embodiments of the present
invention have been described with reference to the accom-
panying drawings, it will be appreciated by those skilled in
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the art to which the present invention pertains that the
invention may be implemented in other specific forms
without changing the technical ideas or essential features
thereof. Therefore, it should be understood that the above-
described embodiments are not restrictive but illustrative in
all aspects.

[0057] FIG. 1 shows one embodiment of a blood pressure
measurement method. The main body of a blood pressure
measurement apparatus shown in FIG. 1 includes a display
A, a first electrode B, and a second electrode C. The first
electrode B for biosignal measurement can be provided on
the back side of the main body (i.e., the inner side contacting
a wrist when the device is worn thereon). The second
electrode C for biosignal measurement can be provided on
the front side of the main body (i.e., the outer side not
contacting the wrist when the device is worn thereon). When
a user wears the main body on his/her wrist and puts a body
part such as a finger into contact with the second electrode
C while the first electrode B contacts the wrist of the user,
an ECG signal of the user’s body can be measured through
the first electrode B and the second electrode C. Further, by
using a separate measurement electrode not shown in FIG.
1, the device can be connected to a measurement module
configured to measure PPG and SpO, signals. The measured
level of the blood pressure can be calculated based on the
biosignals measured as above, and displayed on the display
A 50 that the user can recognize it.

[0058] FIG. 2 shows a first electrode 101 and a second
electrode 102 for ECG measurement that can be provided
around audio outputs or output units of both earphones 100.

[0059] Both of the left and right earphones are shown in
FIG. 2. Each of the left and right earphones can include an
audio output or output unit 103. The first electrode 101 and
the second electrode 102 can be provided around the audio
outputs 103 of the earphones 100. The first electrode 101 can
be provided at the left earphone, and the second electrode
102 can be provided at the right earphone. When providing
the first electrode 101 and the second electrode 102, it is
preferable that, while the earphones 100 are worn on a user’s
ears, both of the first and second electrodes 101 and 102 can
be in contact with inner skin of the ears. In other embodi-
ments, if the first electrode 101 and the second electrode 102
are provided around the audio outputs 103, they can also be
provided in a variety of other ways (e.g., provided at the
sides of eartips covering the audio outputs 103) without
being limited to the illustration of FIG. 2.

[0060] An electric signal input can be received from
electrodes contacting at least two different body parts of a
user, in order to measure an ECG signal. When the user
wears a device in the form of a watch on his/her wrist, a first
electrode can be provided on the inner side of the device
contacting the wrist, and a second electrode can be provided
on the outer side of the device not contacting the wrist so that
the user can put a body part such as a finger into contact with
the second electrode to measure the ECG signal.

[0061] Similar to the embodiment in FIG. 1, the at least
two different body parts of the user in the present embodi-
ment correspond to inner skin of the left ear and of the right
ear.

[0062] FIG. 3 shows that, in addition to the electrodes 101,
102 for ECG measurement, sensors for collecting other
biosignal information can be provided around the audio
outputs 103 of the earphones 100.
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[0063] Both of the earphones are provided with the first
electrode 101 and the second electrode 102 for ECG mea-
surement, respectively. In the embodiment shown in FIG. 3
however, sensors for collecting biosignals that can be mea-
sured by non-electrode type sensors can be additionally
disposed at body parts other than those at which the first
electrode 101 and second electrode 102 are disposed.
[0064] The sensors for collecting the biosignals can
include a sensor or sensor module 104 for measuring, for
example, PPG and SpQO, signals.

[0065] The sensor or sensor module can be configured to
PPG and SpO, signals and irradiates red light onto an ear of
a user of the earphones using a red light source, and
measures light transmitted or reflected therefrom using a
light sensor, thereby measuring blood stream flow in periph-
eral blood vessels therein.

[0066] If the earphones are formed to fit into earholes as
shown in FIGS. 2 and 3, a reflective measurement module
can be employed. In this case, the measurement module for
PPG and SpO, signals is a reflective measurement module.
The reflective measurement module can include a light
emitter or emitting unit 104-1 with a red LED for generating
light having a wavelength of about 660 nm and an infrared
LED for generating light having a wavelength of about 940
nm, and a light receiver or receiving unit 104-2 with an optic
module to which a photo diode and a photo transistor are
attached.

[0067] Meanwhile, other types of earphones having audio
outputs or output units fitted into earholes and covering the
exterior of ears (e.g., earphones having separate structures
for covering the periphery of ears to prevent the earphones
from falling off from the ears even during strenuous exercise
of a wearer of the earphones (see FIG. 4)) can include a
transmissive measurement module with a light emitter or
emitting unit 104-1 disposed around the audio output 103,
and a light receiver or receiving unit 104-2 disposed at the
part that covers the periphery of an ear and faces the light
emitter with the skin of the ear being interposed therebe-
tween while the earphones are worn. In this case, the
measurement module for PPG and SpO, signals can be a
transmissive measurement module. The transmissive mea-
surement module can include ca light emitter or emitting
unit with a red LED for generating light having a wavelength
of about 660 nm and an infrared LED for generating light
having a wavelength of about 940 nm, and a light receiver
or receiving unit with an optic module to which a photo
diode and a photo transistor are attached.

[0068] The above-described sensor or sensor module 104
for measurement of PPG and SpQ, signals is not necessarily
provided at each of the left and right earphones, because no
signals from at least two different body parts are necessary
to obtain desired biosignals.

[0069] In addition to the sensor 104 for measuring PPG
and SpO, signals, sensors or sensor modules for measuring
other biosignals can also be disposed in and/or around the
system. For example, the sensor 104 configured to measure
PPG and SpQ, signals can be disposed at the left earphone,
and a body temperature module 105 configured to measure
body temperature can be disposed at the right earphone.
However, without being limited to the above, modules for
measuring various biosignals (e.g., a module for measuring
pulse) can be further disposed around the audio outputs 103.
[0070] As described above, when the earphones 100
include all of the modules for measuring ECG, PPG and
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SpO, signals around the audio output 103, blood pressure
levels of a user can be advantageously estimated. In this
connection, a method of estimating or calculating blood
pressure levels of a user using the above three biosignals has
been described herein. Such a method is described in detail
in the disclosures of Korean Patent Application Nos. 2013-
116158 and 2013-116165 of the inventor, which are incor-
porated herein by reference in their entirety.

[0071] Excessively high or low blood pressure levels can
cause an emergency situation that can permanently and
critically damage the body. The ability to monitor blood
pressure levels in real time while earphones are worn can
have a very beneficial effect in coping with the emergency
situation while ensuring that the user will comply in wearing
the measurement device (e.g. the earphones). Coping with
the emergency situation will be described in detail in con-
nection with another embodiment in which the earphones
and the digital device connected thereto are configured as a
single system.

[0072] The configurations of the sensor or sensor units of
the earphones for acquiring a variety of biosignal informa-
tion have been described so far. The configuration of sensors
provided herein does not require separate sensors or sensor
units (e.g., those separately worn on other body parts such
as arms or legs of the user) other than those disposed around
the audio outputs 103 of the earphones 100. In contrast,
previous arrangements, such as the technique of Korean
Laid-Open Patent Publication No. 10-2010-0001360 (titled
“Portable device for measuring biological signal”), require
attaching a first electrode to one of the earphones and a
second electrode to an upper arm of the user to collect ECG
signals. This technique is inconvenient because biosignals
cannot be collected only by wearing the earphones. A
separate device must be attached to another body part in
order to measure biosignals, creating additional steps to use
the device and additional chances of faulty placement or
noncompliance by the user. The arrangement provided
herein, however, allows biosignal information to be acquired
only by biosignal measurement sensors attached to the
earphones, and the difference allows for easier use. For
example, in the course of enjoying music as usual, biosig-
nals can be measured without any inconvenient actions such
as attaching a separate biosignal measurement sensor to the
body of a user.

[0073] FIG. 5 shows that biosignal information acquired
by the biosignal sensors disposed around the audio outputs
103 of the earphones 100 is transmitted through an earphone
cable. Biosignal information is collected from various sen-
sors or sensor modules disposed around the audio outputs
103 of the earphones 100. A variety of biosignal information
collected from the sensors can be provided to a digital device
to which the earphones are connected, through the earphone
cable and a 4-pole terminal.

[0074] The earphones can be connected to the digital
device through the cable, and the earphones can be wire-
lessly connected to the digital device. When the earphones
are wireless earphones, they can be connected to the digital
device using Bluetooth, WiFi, or other short-range commu-
nication technologies. In some embodiments, the earphones
can include a short-range communicator or communication
module configured to transmit biosignal information to the
digital device, and biosignal information acquired by the
sensors or sensor modules is transmitted to the communi-
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cator so that the biosignal information is transmitted to the
digital device through the communicator.

[0075] FIG. 6 shows a biosignal processor or processing
unit that can be provided to the earphones.

[0076] Biosignals are not only weak in intensity, but also
tend to mix with other noises. This means that it is inevitably
necessary to have a configuration for processing collected
biosignals into signals suitable for use. For example, a
biosignal processor or processing unit for performing such a
function can include signal amplifiers, filters, analog-digital
converters and the like, and the block diagram in the right
side of FIG. 6 shows the signal amplifiers and filters
excluding the analog-digital converters. As shown in the left
side of FIG. 6, the signal amplifiers and filters can be located
where the output cables of the left and right earphones meet.
As for wireless earphones in which the earphones are not
separated from but integrally formed with a receiver (which
receives an audio output signal from a digital device to
which the earphones are connected), the output cables of the
left and right earphones can be connected to the receiver
without directly meeting each other. In the case of such
wireless earphones, the signal amplifiers and filters can be
combined with the receiver.

[0077] Meanwhile, the scope of the invention is not lim-
ited to embodiments in which the signal amplifiers and
filters are provided where the output cables of the left and
right earphones meet or at the receiver of the wireless
earphones, as shown in the left side of FIG. 6. The signal
amplifiers and filters may not be provided at a part of the
earphones, but can be provided in the digital device to which
the earphones are connected. That is, the signals from the
sensors or sensor units located around the audio outputs 103
of the earphones may not be amplified and filtered in the
course of being transmitted to the digital device, but can be
amplified and filtered through the signal amplifiers and
filters provided in the digital device, and then analog-digital
converted.

[0078] In the earphones according to one embodiment,
whether the signal amplifiers and filters are provided in the
earphone device, or signal amplification and filtering are not
performed in the earphone device but in the digital device to
which the earphones are connected, a first biosignal can be
obtained from the first electrode 101 formed around the
audio output 103 of one of the earphones, and a second
biosignal can be obtained from the second electrode 102
formed around the audio output 103 of the other of the
earphones. By amplification and filtering, more specifically
band-pass filtering of the first and second biosignals
obtained as above, desired biological information (e.g.,
electrocardiogram signals (ECG(t)) can be generated.
[0079] The earphones according to one embodiment can
include their own storage unit. In this case, biosignals
collected from various sensors including the first electrode
101 and the second electrode 102 are stored in the storage
unit. When the collected biosignals are stored, the times
and/or conditions in which the biosignals are collected can
also be stored together in the storage unit. Here, the condi-
tions in which the biosignals are collected can be, for
example, atmospheric conditions (such as temperature and
pressure) or geographical conditions (such as latitude, lon-
gitude, and altitude) at the time of collecting the biosignals,
and can also include ambient noises, images and the like.
The storage of the conditions in which the biosignals are
collected can be selectively performed according to addi-
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tional sensors and input devices connected to the earphones.
The conditions in which the biosignals are collected are not
limited to those listed above.

[0080] Meanwhile, the earphones according to one
embodiment can further include their own display or display
unit. In this case, the display or display unit can display
information on the biosignals stored in the storage unit
according to a selection of a wearer of the earphones, or in
a predetermined manner.

[0081] Further, the earphones according to one embodi-
ment can also have their own battery. In general, earphones
do not have a music playback function, and can play music
only when they are connected to a digital device such as an
MP3 player or a smartphone. Thus, conventional earphones
could not be independently utilized. However, unlike the
conventional earphones, the earphones provided herein can
include various sensors and/or sensor devices that are
capable of collecting biosignals and disposed around the
audio outputs 103, and means for storing and displaying
biosignal information collected therefrom, and thus can
function independently of the connected digital device. The
earphones can include their own battery for the independent
utilization thereof. In the embodiments in which the ear-
phones are independently utilized, it is preferable that the
biosignal processing unit including the above-described
signal amplifiers, filters and/or analog-digital converters is
provided in the earphones, so that the biosignals collected
from the various sensors can be processed into a form
suitable for storage, digital display and the like, before they
are stored in the storage unit included in the earphones and
displayed on the display. The signal processing method will
be discussed in more detail below with reference to FIG. 7.
[0082] The self-contained battery provided in the ear-
phones can be implemented in the form of a rechargeable
secondary battery, and the method of charging the battery
can be implemented by a variety of different techniques, for
example a variety of wired and wireless means known by
one skilled in the art at the time of filing. More specifically,
in the case of wireless charging, the battery can be wirelessly
charged from a power source of a digital device when it is
wirelessly connected to the digital device, or can be charged
through a wireless charging device separate from the digital
device. In the case of wired charging, the battery can be
charged using wires from a power source of a digital device
when it is connected by wires to the digital device, or may
be charged by wires through various cable connections such
as a USB cable connection to a separate power source.
[0083] FIG. 7 shows that electrocardiogram signal infor-
mation respectively collected from the left and right ear-
phones can be alternately transmitted.

[0084] In order to process ECG signals, signals measured
simultaneously in the left and right earphones can be
required. For transmission of the simultaneously measured
biosignals, a time-division multiplexing (TDM) technique
can be employed in one embodiment.

[0085] More specifically, referring to FIG. 7, the ear-
phones according to one embodiment can define a plurality
of first time slots (2¢ in FIG. 4) and a plurality of second time
slots (2¢+1 in FIG. 4), which are alternately arranged in a
time dimension using a time division technique, so that a
first biosignal (Sig in FIG. 7) obtained from the first elec-
trode 101 of the earphone worn on the user’s right ear can
be received only in the first time slot (2¢), and a second
biosignal (Sig' in FIG. 7) obtained from the second electrode
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102 of the earphone worn on the user’s left ear can be
received only in the second time slot (2¢+1).

[0086] Referring further to FIG. 7, both of the first bio-
signal (Sig) received via the first time slot (27) and the
second biosignal (Sig') received via the second time slot
(2¢41) can be converted into digital signals by performing
analog-digital (A/D) conversion on the first biosignal (Sig)
and the second biosignal (Sig). By multiplexing (or taking
multiple signals and combining them into one signal over a
shared medium) of the first and second biosignals converted
as above (MUX in FIG. 7), the final biosignals can be
generated.

[0087] According to one embodiment, the signals can be
processed by a microcontroller unit (MCU) having an ADC
resolution of 8-bit size and 1,024 Hz speed, and the left and
right earphones can transmit 8-bit signals, respectively. In
this case, the MCU can process the biosignal transmitted
from the right earphone at 512 Hz at the time of 2z, and
process the biosignal transmitted from the left earphone at
512 Hz at the time of 2¢+1, so that continuous processing can
be implemented.

[0088] Meanwhile, the scope of the invention is not lim-
ited to the embodiments in which the biosignals are trans-
mitted through the above-described time division technique.
Embodiments are also encompassed in which a variety of
biosignal information obtained by the sensor units of the left
and right earphones can be simultaneously transmitted to
and processed by the digital device, without applying the
time division technique.

[0089] FIG. 8 is a conceptual diagram showing a system
including the earphones discussed herein and the digital
device connected thereto can transmit acquired biosignal
information to an external server through a communication
module thereof.

[0090] A method of calculating blood pressure levels
based on measured ECG, PPG and SpO, biosignals is
provided herein, and this unique method is disclosed in
Korean Patent Application Nos. 2013-116158, 2013-
116165, and the like, incorporated herein by reference.
When the method of calculating blood pressure levels is
performed by a system with earphones and a digital device
being connected thereto and including a calculator or cal-
culation means, the system can calculate blood pressure
levels of a wearer of the earphones in real time and notify the
wearer of the levels via a screen of the digital device.
Further, the system can store and manage the blood pressure
levels using a storage means included in the system, and can
display variations in the blood pressure levels over time.
[0091] Meanwhile, the system can also include a commu-
nicator or communication module. In this case, a system in
which variations in a variety of biosignal information (e.g.,
ECG, PPG, Sp0O,, body temperature, pulse, blood pressure,
etc.) are stored and managed can further perform a server
fanction.

[0092] When the above system is configured to perform
the server function, the system can autonomously recognize
a health risk of the wearer of the earphones based on the
obtained biosignal information, or the obtained biosignal
information can be transmitted to an external server through
the communicator or communication module so that the
external server can recognize the health risk of the wearer of
the earphones.

[0093] In some embodiments, the system can be config-
ured to autonomously recognize a health risk of the wearer
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of the earphones. In such an embodiment, the digital device
of the system can include a storage means and a calculator
or calculation means. In this case, the system can be con-
figured to autonomously determine whether the biosignal
information acquired by the earphones falls within a prede-
termined range for alarm generation. If it is determined that
specific biosignal information such as blood pressure infor-
mation indicates excessive hypertension or excessive
hypotension beyond a predetermined range, the system can
notify the health risk of the wearer to an external server of
a hospital, an emergency rescue agency, the wearer, or the
like through the communicator. In this case, if the digital
device is provided with a GPS module capable of receiving
GPS data, the GPS data can be transmitted together to cope
with the emergency situation more effectively.

[0094] The system can also be configured to transmit the
obtained biosignal information to an external server through
the communication module, so that the external server can
recognize a health risk of the wearer of the earphones. The
determination of the health risk can be directly made from
any one or more types of biosignal information in various
embodiments, but may also require a multilateral examina-
tion of variations in a variety of biosignal information in
other embodiments. In some embodiments in order to pre-
cisely analyze the health condition, the multilateral exami-
nation of the variations can be performed by an institution
where vast amounts of data can be stored/analyzed and
skilled medical personnel reside, rather than being autono-
mously performed by the digital device. To this end in some
embodiments, the system does not autonomously determine
whether biosignal information acquired by the earphones
falls within a predetermined range for alarm generation, but
transmits a variety of acquired biosignal information to an
external server such as a hospital server through the com-
municator or communication module provided in the sys-
tem. In other embodiments, the system can also be config-
ured to preliminarily determine whether the biosignal
information acquired by the earphones falls within a prede-
termined wider range, and then transmit the biosignal infor-
mation to an external server through the communicator or
communication module provided in the system only when it
falls within the predetermined wider range. Such an embodi-
ment is beneficial because, when the system is configured to
transmit all the biosignal information collected therein to an
external server in real time, the processing load at the
external server will be increased and the communication
network will run the risk of being overloaded.

[0095] The external server that receives the biosignal
information of the wearer of the earphones transmitted by
the system can cumulatively store variations in a variety of
biosignal information in a storage area corresponding to a
specific user 1D, and then a health risk factor analysis can be
performed by a specific program, or real-time biosignal
information can be compared with the accumulated data and
analyzed by skilled personnel. When the health risk of the
wearer of the earphones is recognized by the external server
in the above manner, the system can receive a warning signal
from the external server through the communicator or com-
munication module, and can handle it in various ways, for
example, by visually indicating it on a display provided in
the digital device, or by generating an audible warning
sound via the earphones. The system that receives the
warning signal from the external server can collect the
current position information from the GPS module included

Apr. 20,2017

in the digital device, and transmit it to the external server
(e.g., at an hospital or an emergency rescue agency) to cope
with the emergency situation more effectively.

[0096] Although the present invention has been described
above in terms of specific items such as detailed elements as
well as the limited embodiments and the drawings, they are
only provided to help more general understanding of the
invention, and the present invention is not limited to the
above embodiments. It will be appreciated by those skilled
in the art to which the present invention pertains that various
modifications and changes may be made from the above
description.

[0097] Therefore, the spirit of the present invention shall
not be limited to the above-described embodiments, and the
entire scope of the appended claims and their equivalents
will fall within the scope and spirit of the invention.

What is claimed is:

1. Earphones comprising:

a first sensor disposed around an audio output of a left

earphone;

a second sensor disposed around an audio output of a right

earphone; and
a transmitter configured to transmit biosignals obtained
from the first and second sensors to a digital device,

wherein the first sensor includes a first biosignal elec-
trode, and the second sensor includes a second biosig-
nal electrode, and

wherein, when the transmitter transmits the biosignals

obtained from the first and second sensors to the digital
device, a plurality of first time slots (2¢) and a plurality
of second time slots (27+1) alternately arranged in a
time dimension are defined, and signals from the first
sensor are received only in the first time slots (2¢) and
signals from the second sensor are received only in the
second time slots (2¢+1).

2. The earphones of claim 1, wherein the first and second
biosignal electrodes are configured to collect biosignals
including electrocardiogram (ECG) signals.

3. The earphones of claim 2, wherein one or both of the
first and second sensors include secondary sensors config-
ured to measure photoplethysmogram (PPG) and oxygen
saturation level (SpO,) signals.

4. The earphones of claim 2, wherein one or both of the
first and second sensors include one or both of a body
temperature module configured to measure body tempera-
ture and a pulse module configured to measure pulse.

5. The earphones of claim 1, further comprising a bio-
signal processor configured to function as at least one of an
amplifier, a filter and an analog-digital converter.

6. The earphones of claim 5, wherein the biosignal
processor is provided in a cable of the earphones when the
transmitter is of a wired type, and provided in a wireless
receiver when the transmitter is of a wireless type.

7. The earphones of claim 6, further comprising a storage
unit configured to store the biosignals collected from the first
and second sensors, and to store (i) times at which the
biosignals are collected, (ii) conditions in which the biosig-
nals are collected, or (iii) both the times and the conditions,
when the biosignals are stored.

8. The earphones of claim 7, further comprising a display
configured to display information on the biosignals stored in
the storage unit.

9. The earphones of claim 8, further comprising a battery,
wherein the battery is configured to be charged through
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wires or wirelessly from a power source of the digital device
when the earphones are connected to the digital device.

10. A biosignal monitoring system, comprising:

earphones including:

a first sensor disposed around an audio output of a left
earphone, the first sensor having a first biosignal
electrode,

a second sensor disposed around an audio output of a
right earphone, the second sensor having a second
biosignal electrode, and

a transmitter; and

a digital device connected to the earphones, the digital

device having a storage means and a communicator,

wherein the transmitter is configured to transmit biosig-
nals obtained from the first and second sensors to the
digital device,

wherein the storage means is configured to store and

manage information on the biosignals transmitted from

the earphones, and the communicator is configured to
transmit the information on the biosignals to an exter-
nal server, and

wherein, when the transmitter transmits the biosignals

obtained from the first and second sensors to the digital

device, a plurality of first time slots (2¢) and a plurality

of second time slots (27+1) alternately arranged in a

time dimension are defined, and signals from the first

sensor are received only in the first time slots (2¢) and
signals from the second sensor are received only in the
second time slots (2¢+1).

11. The biosignal monitoring system of claim 10, wherein
the first and second biosignal electrodes are configured to
collect biosignals including electrocardiogram (ECG) sig-
nals.

12. The biosignal monitoring system of claim 11, wherein
one or both of the first and second sensors include secondary
sensors configured to measure photoplethysmogram (PPG)
and oxygen saturation level (SpO,) signals.
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13. The biosignal monitoring system of claim 11, wherein
one or both of the first and second sensors include one or
both of a body temperature module configured to measure
body temperature and a pulse module configured to measure
pulse.

14. The biosignal monitoring system of claim 12, wherein
the digital device includes a calculator configured to calcu-
late blood pressure levels of a user based on information on
the measured ECG, PPG and SpO, signals.

15. The biosignal monitoring system of claim 14, wherein
the digital device includes a GPS module configured to
calculate GPS coordinates thereof, and

wherein the system is configured to autonomously deter-

mine whether the information on the biosignals
acquired through the storage means and the calculator
of the digital device falls within a predetermined emer-
gency range, and, when an emergency situation is
determined, transmits GPS information acquired from
the GPS module to an external server through the
communicator.

16. The biosignal monitoring system of claim 14, wherein
the digital device includes a GPS module configured to
calculate GPS coordinates thereof, and

wherein the system is configured to transmit the informa-

tion on the biosignals acquired through the storage
means and the calculator of the digital device to an
external server through the communicator, without
determining whether the acquired information on the
biosignals falls within a predetermined emergency
range, and, when an emergency situation is recognized
in view of the biosignals transmitted to the external
server, the digital device is configured to receive a
signal from the external server notifying the digital
device of the emergency situation, and to provide a
GPS signal to the external server upon receipt of such

signal.
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