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(57) ABSTRACT

Disclosed is an apparatus for measuring electrocardiogram
(ECG) using wireless communication, including a first mea-
suring device and a second measuring device connected to
each other using wireless communication, wherein the first
measuring device includes a first electrode configured to
measure a first signal generated by a heartbeat, and a slave
signal generation unit configured to generate a slave signal

(22) Filed: Jun. 17, 2016 based on the first signal and a wireless virtual ground signal
received from the second measuring device, and the second
(30) Foreign Application Priority Data measuring device includes a second electrode configured to
measure a second signal generated by a heartbeat, a ground
Aug. 24, 2015 (KR) v 10-2015-0118548 electrode configured to measure a ground signal, a wireless
L . virtual ground unit configured to generate the wireless
Publication Classification virtual ground signal based on the ground signal, and an
(51) Int. CL ECG measuring unit configured to measure ECG based on
A6IB 5/0402 (2006.01) the slave signal, the second signal, and the wireless virtual
A61B 5/00 (2006.01) ground signal.
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APPARATUS AND METHOD FOR
MEASURING ELECTROCARDIOGRAM
USING WIRELESS COMMUNICATION

DESCRIPTION ABOUT NATIONAL RESEARCH
AND DEVELOPMENT SUPPORT

[0001] This study was supported by the Bio Medical
Technology Development Project—Leading Research Sup-
port Project of Ministry of Science, ICT and Future Plan-
ning, Republic of Korea (Life guardians-based stress mea-
surement/management system development using dual-
band, Project No. 1711018655) under the Korea Institute of
Science and Technology.

CROSS-REFERENCE TO RELATED
APPLICATION

[0002] This application claims priority to Korean Patent
Application No. 10-2015-0118548, filed on Aug. 24, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which in its entirety are herein incor-
porated by reference.

BACKGROUND

[0003] 1. Field

[0004] The present disclosure relates to an apparatus and
method for measuring electrocardiogram (ECG) using wire-
less communication, and more particularly, to an apparatus
and method for measuring ECG using wireless communi-
cation in which an ECG is measured based on electrical
signals measured at different locations and transmitted using
wireless communication.

[0005] 2. Description of the Related Art

[0006] An electrocardiogram (ECG) is a recording of
heartbeat-related potentials measured on the surface of the
body, and is often used in clinic practice because it can be
measured through a non-invasive test without any pain or
side effect in a subject.

[0007] Generally, a plurality of electrodes attached to the
body to measure ECG is connected to each other with wired
connection. Thus, there is a problem with activity restriction
of a subject during measurement of heart rate.

SUMMARY

[0008] Inthiscontext, the present disclosure is designed to
solve the problem, and therefore, the present disclosure is
directed to providing an apparatus and method for measur-
ing electrocardiogram (ECG) using wireless communica-
tion, in which heart rate is wirelessly measured by connect-
ing electrodes for measuring the heart rate to each other
using wireless communication.

[0009] An apparatus for measuring ECG using wireless
communication according to an embodiment for achieving
the object of the present disclosure includes a first measuring
device and a second measuring device connected to each
other using wireless communication, and the first measuring
device includes a first electrode configured to measure a first
signal generated by a heartbeat, and a slave signal generation
unit configured to generate a slave signal based on the first
signal and a wireless virtual ground signal received from the
second measuring device, and the second measuring device
includes a second electrode configured to measure a second
signal generated by a heartbeat, a ground electrode config-
ured to measure a ground signal, a wireless virtual ground
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unit configured to generate the wireless virtual ground signal
based on the ground signal, and an ECG measuring unit
configured to measure ECG based on the slave signal, the
second signal, and the wireless virtual ground signal.
[0010] In an embodiment of the present disclosure, the
wireless virtual ground unit may provide a virtual ground for
matching reference voltages of the signals between the first
measuring device and the second measuring device, and the
slave signal generation unit may generate the slave signal
using the wireless virtual ground signal as reference voltage.
[0011] In an embodiment of the present disclosure, the
ECG measuring unit may include a differential amplifier to
amplify a difference between the slave signal and the second
signal using the wireless virtual ground signal as reference
voltage.

[0012] In an embodiment of the present disclosure, the
ECG measuring unit may further include a signal processing
unit to filter and amplify a signal outputted from the differ-
ential amplifier, and the signal processing unit may include
a high pass filter, a low pass filter, a notch filter, and a signal
amplifier.

[0013] In an embodiment of the present disclosure, the
second measuring device may further include a synchroni-
zation control unit to synchronize phases between the slave
signal and the second signal.

[0014] In an embodiment of the present disclosure, the
slave signal may be converted to a digital signal and
transmitted from the first measuring device to the second
measuring device, and the wireless virtual ground signal
may be converted to a digital signal and transmitted from the
second measuring device to the first measuring device.
[0015] In an embodiment of the present disclosure, the
first signal may be measured at a wrist or an arm on any one
of left and right sides, and the second signal may be
measured at a wrist or an arm on the other one of left and
right sides.

[0016] In an embodiment of the present disclosure, any
one of the first signal and the second signal may be measured
at aleft leg or a left ankle. and the other one of the first signal
and the second signal may be measured at a wrist or an arm
on any one of left and right sides.

[0017] Inanembodiment ofthe present disclosure, each of
the first measuring device and the second measuring device
may include a band part having a ring shape.

[0018] A method for measuring ECG using wireless com-
munication according to an embodiment for achieving the
object of the present disclosure measures ECG using a first
measuring device and a second measuring device connected
to each other using wireless communication, and includes
measuring a first signal generated by a heartbeat using the
first measuring device and measuring a second signal gen-
erated by a heartbeat and a ground signal using the second
measuring device, generating a wireless virtual ground sig-
nal based on the ground signal and transmitting the wireless
virtual ground signal from the second measuring device to
the first measuring device, generating a slave signal based on
the first signal and the wireless virtual ground signal
received from the second measuring device and transmitting
the generated slave signal from the first measuring device to
the second measuring device, and measuring ECG based on
the wireless virtual ground signal, the second signal, and the
slave signal received from the first measuring device.
[0019] In an embodiment of the present disclosure, the
wireless virtual ground signal may provide a virtual ground
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for matching reference voltages of the signals between the
first measuring device and the second measuring device, and
the slave signal may be generated using the wireless virtual
ground signal as reference voltage.

[0020] In an embodiment of the present disclosure, the
measuring of ECG may include amplifying, using a differ-
ential amplifier, a difference between the slave signal and the
second signal using the wireless virtual ground signal as
reference voltage.

[0021] In an embodiment of the present disclosure, the
measuring of ECG may further include filtering a signal
outputted from the differential amplifier using a high pass
filter, a low pass filter, and a notch filter, and amplifying the
signal using a signal amplifier.

[0022] In an embodiment of the present disclosure, the
method for measuring ECG using wireless communication
may further include synchronizing phases between the slave
signal and the second signal.

[0023] In an embodiment of the present disclosure, the
slave signal may be converted to a digital signal and
transmitted from the first measuring device to the second
measuring device, and the wireless virtual ground signal
may be converted to a digital signal and transmitted from the
second measuring device to the first measuring device.
[0024] In an embodiment of the present disclosure, the
first signal may be measured at a wrist or an arm on any one
of left and right sides, and the second signal may be
measured at a wrist or an arm on the other one of left and
right sides.

[0025] In an embodiment of the present disclosure, any
one of the first signal and the second signal may be measured
at aleft leg or a left ankle, and the other one of the first signal
and the second signal may be measured at a wrist or an arm
on any one of left and right sides.

[0026] According to the apparatus and method for mea-
suring ECG using wireless communication as above, heart
rate of a wearer can be measured without activity restriction
of the wearer in daily life.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a conceptual diagram for describing an
electrocardiogram (ECG) measuring apparatus according to
an embodiment of the present disclosure.

[0028] FIG. 2 is a block diagram showing a first measuring
device of FIG. 1.

[0029] FIG. 3 is a conceptual diagram for describing a first
measuring device of FIG. 2.

[0030] FIG. 4 is a block diagram showing a second
measuring device of FIG. 1.

[0031] FIG. 5 is a conceptual diagram for describing a
second measuring device of FIG. 4.

[0032] FIG. 6 is a conceptual diagram for describing a
signal processing unit of a second measuring device of FIG.
4.

DETAILED DESCRIPTION

[0033] Hereinafter, the present disclosure will be
described in further detail with reference to the accompa-
nying drawings.

[0034] FIG. 1 is a conceptual diagram for describing an
electrocardiogram (ECQ) measuring apparatus 10 according
to an embodiment of the present disclosure.
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[0035] Referring to FIG. 1, the ECG measuring apparatus
10 includes a first measuring device 100 and a second
measuring device 200 connected to each other using wire-
less communication.

[0036] The ECG measuring apparatus 10 may measure
ECG of a wearer using Lead I, I1, and III configuration.
[0037] To measure ECG using Lead 1 configuration, the
ECG measuring apparatus 10 may measure potential signals
generated by heartbeats from two wrists or arms of the
wearer using the first and second measuring devices 100 and
200, and measure ECG of the wearer using the measured
potential signals.

[0038] In the case of measuring ECG using Lead I con-
figuration, the potential signals generated by heartbeats may
include, for example, a first signal measured at any one of a
right arm and a right wrist, a second signal measured at any
one of a left arm and a left wrist, and a ground signal which
is a reference for the first signal and the second signal. The
ground signal may be measured at any one of a wrist and an
arm on any one of left and right sides.

[0039] To measure ECG using Lead II configuration, the
ECG measuring apparatus 10 may measure potential signals
generated by heartbeats from a left leg (or a left ankle) and
a right arm (or a right wrist) of the wearer using the first and
second measuring devices 100 and 200, and measure ECG
of the wearer using the measured potential signals.

[0040] In the case of measuring ECG using Lead II
configuration, the potential signals generated by heartbeats
may include, for example, a first signal measured at any one
of a right arm and a right wrist, a second signal measured at
any one of a left leg and a left ankle, and a ground signal
which is a reference for the first signal and the second signal.
The ground signal may be measured at any one of a right
arm, a right wrist, a left leg, and a left ankle.

[0041] To measure ECG using Lead IIT configuration, the
ECG measuring apparatus 10 may measure potential signals
generated by heartbeats from a left leg (or a left ankle) and
a left arm (or a left wrist) of the wearer using the first and
second measuring devices 100 and 200, and measure ECG
of the wearer using the measured potential signals.

[0042] In the case of measuring ECG using Lead IIT
configuration, the potential signals generated by heartbeats
may include, for example, a first signal measured at any one
of a left arm and aleft wrist, a second signal measured at any
one of a left leg and a left ankle, and a ground signal which
is a reference for the first signal and the second signal. The
ground signal may be measured at any one of a left arm, a
left wrist, a left leg, and a left ankle.

[0043] Hereinafter, the first measuring device 100 and the
second measuring device 200 are described based on Lead
1 configuration in which each measuring device is worn on
two wrists of a user, but is not limited thereto. In other
embodiments, the first measuring device 100 and the second
measuring device 200 may be worn on two arms, or any one
of the first and second measuring devices 100 and 200 may
be worn on a wrist and the other may be worn on an arm. In
other embodiments, any one of the first measuring device
100 and the second measuring device 200 may be worn on
a right arm or a right wrist of a user and the other may be
worn on a left leg or a left ankle (Lead II configuration), and
any one of the first measuring device 100 and the second
measuring device 200 may be worn on a left arm or a left
wrist of a user and the other may be worn on a left leg or a
left ankle (Lead III configuration).



US 2017/0055862 A1l

[0044] In an embodiment, the first measuring device 100
may be worn on a right wrist of the wearer, and the second
measuring device 200 may be worn on a left wrist of the
wearer. To the contrary, the first measuring device 100 may
be worn on a left wrist of the wearer, and the second
measuring device 200 may be worn on a right wrist of the
wearer.

[0045] In an embodiment, to measure potential signals
generated by heartbeats from the wrists (or arms, legs or
ankles) of the wearer, each of the first measuring device 100
and the second measuring device 200 may include a band
part having a ring shape that can be worn on a wrist (or an
arm, a leg or an ankle) of a user.

[0046] In an embodiment, each of the first measuring
device 100 and the second measuring device 200 may
further include a display unit to display the measured signals
including ECG. The display unit may include a touch screen,
and the ECG measuring apparatus 10 may input and output
commands or data for controlling the operation of the first
and second measuring units 100 and 200 through the display
unit.

[0047] The ECG measuring apparatus 10 may be con-
nected to an external computing device 30 such as, for
example, a mobile device, a PC, a laptop computer, and a
smart TV using wired or wireless communication. The
computing device 30 may receive measured data including
the ECG measured from the ECG measuring apparatus 10 or
the potential signals generated by heartbeats, and transmit or
receive commands relating to ECG measurement. The com-
puting device 30 may analyze bio-signals of the wearer
using the measured data received from the ECG measuring
apparatus 10, and display the analyzed results through a
display.

[0048] The computing device 30 may communicate with a
database server 50 which stores database relating to ECG, to
analyze the measured data. The database for analyzing the
measured data may be included in the computing device 30.

[0049] Hereinafter, the present disclosure is described
based on the case in which the first measuring device 100 is
worn on a right wrist of the wearer, and the second mea-
suring device 200 is worn on a left wrist of the wearer, but
is not limited thereto.

[0050] FIG. 2 is a block diagram showing the first mea-
suring device 100 of FIG. 1. FIG. 3 is a conceptual diagram
for describing the first measuring device of FIG. 2.

[0051] Referring to FIGS. 1 through 3, the first measuring
device 100 includes a first electrode 110, a slave signal
generation unit 120, and a communication unit 130.

[0052] The first electrode 110 may measure a first signal
SIG1. In an embodiment, the first electrode 110 may mea-
sure a first signal SIG1 from the right wrist of the wearer.
The first signal SIG1 may include an electrical signal
generated by a heartbeat.

[0053] The slave signal generation unit 120 may match
reference voltage of the first signal SIG1 measured by the
first electrode 110 to reference voltage of the signal mea-
sured by the second measuring device 200, to generate a
slave signal SS. To adjust the reference voltage of the first
signal SIG1, a wireless virtual ground signal WV G received
from the second measuring device 200 may be used as
reference voltage. The wireless virtual ground signal WVG
will be described in detail with reference to FIGS. 4 and 5
together with the second measuring device 200.
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[0054] The slave signal generation unit 120 may receive
an input of the first signal SIG1 through a first input terminal
P1, and an input of the wireless virtual ground signal WVG
through a second input terminal P2. The slave signal gen-
eration unit 120 may generate a slave signal SS based on the
received first signal SIG1 and wireless virtual ground signal
WVG. In an embodiment, the slave signal generation unit
120 may include an amp Al to receive an input of the first
signal SIG1 through the first input terminal P1 and an input
of the wireless virtual ground signal WVG through the
second input terminal P2.

[0055] The communication unit 130 may transmit signals
to the second measuring device 200 and receive signals from
the second measuring device 200 using wireless communi-
cation. For example, the communication unit 130 may
receive (Rx) the wireless virtual ground signal WVG from
the second measuring device 200, and transmit (Tx) the
slave signal SS to the second measuring device 200.

[0056] In an embodiment, the slave signal SS may be
converted to a digital signal and transmitted from the first
measuring device 100 to the second measuring device 200,
and the wireless virtual ground signal WVG may be con-
verted to a digital signal and transmitted from the second
measuring device 200 to the first measuring device 100.

[0057] The first measuring device 100 may further include
a digital-analog converter 131 to convert, to an analog
signal, the wireless virtual ground signal WVG converted to
the digital signal and received from the second measuring
device 200, and an analog-digital converter 132 to convert
the slave signal SS to a digital signal.

[0058] The first measuring device 100 may further include
a first wireless virtual ground unit 140. The first wireless
virtual ground unit 140 may provide a virtual ground for
matching the reference voltages of the signals between the
first measuring device 100 and the second measuring device
200. For example, the first wireless virtual ground unit 140
may output the wireless virtual ground signal WVG received
from the second measuring device 200 through the commu-
nication unit 130, to the second input terminal P2 of the
slave signal generation unit 120. The first wireless virtual
ground unit 140 may adjust the wireless virtual ground
signal WVG to make the reference voltage of the first signal
SIG1 measured by the first electrode 110 correspond to the
reference voltage of the signal measured by the second
measuring device 200.

[0059] FIG. 4 is a block diagram showing the second
measuring device of FIG. 1. FIG. 5 is a conceptual diagram
for describing the second measuring device of FIG. 4. FIG.
6 is a conceptual diagram for describing the signal process-
ing unit of the second measuring device of FIG. 4.

[0060] Referring to FIGS. 1 and 4 through 6, the second
measuring device 200 includes a second electrode 210, a
ground electrode 220, a second wireless virtual ground umt
230, an ECG measuring unit 240, and a communication unit
250.

[0061] The second electrode 210 may measure a second
signal SIG2. In an embodiment, the second electrode 210
may measure the second signal SIG2 from the left wrist of
the wearer. The second signal SIG2 may include an electri-
cal signal generated by a heartbeat.

[0062] The ground electrode 220 may measure a ground
signal GND_SIG. In an embodiment, the ground electrode
220 may measure the ground signal GND_SIG from the left
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wrist of the wearer. The ground signal GND_SIG may be
used as reference voltage of the system power of the second
measuring device 200.

[0063] The second wireless virtual ground unit 230 may
provide a virtual ground for matching reference voltages of
the signals between the first measuring device 100 and the
second measuring device 200. To provide a virtual ground,
the second wireless virtual ground unit 230 may generate a
wireless virtual ground signal WVG based on the ground
signal GND_SIG measured by the ground electrode 220.

[0064] In an embodiment, the second wireless virtual
ground unit 230 may include an amp A2, a first resistor R1,
a second resistor R2, a third resistor R3, and a fourth resistor
R4. The first resistor R1 may be connected between an
output terminal NO and a first input terminal P5 of the amp
A2. The second resistor R2 may be connected between the
first input terminal P5 of the amp A2 and a first node N1. The
third resistor R3 may be connected between the first input
terminal P5 of the amp A2 and a second node N2. The fourth
resistor R4 may be connected between the first node N1 and
the second node N2.

[0065] The wireless virtual ground signal WVG may be
used as reference voltage for the first signal SIG1 and the
second signal SIG2. The wireless virtual ground signal
WVG may be transmitted to the first measuring device 100
through the communication unit 250 and used as reference
voltage for generation of the slave signal SS. In addition, the
wireless virtual ground signal WVG may be used as refer-
ence voltage for ECG measurement by the ECG measuring
unit 240.

[0066] The ECG measuring unit 240 may measure ECG
based on the slave signal SS received from the first mea-
suring device 100, the second signal SIG2 measured by the
second electrode 210, and the wireless virtual ground signal
WVG generated by the second wireless virtual ground unit
230.

[0067] The ECG measuring unit 240 may include a dif-
ferential amplifier 241 and a signal processing unit 242.

[0068] The differential amplifier 241 may amplify a dif-
ference between the slave signal SS and the second signal
SIG2 using the wireless virtual ground signal WVG as
reference voltage, and output a differential amplification
signal DA_OUT. In an embodiment, the differential ampli-
fier 241 may receive an input of the second signal SIG2
through a first input terminal P3 and an input of the slave
signal SS through a second input terminal P4. In addition,
the differential amplifier 241 is connected to the second
wireless virtual ground unit 230 and may use the wireless
virtual ground signal WVG as reference voltage. The dif-
ferential amplifier 241 may amplify a difference between the
received second signal SIG2 and slave signal SS to generate
a differential amplification signal DA_OUT, and transmit the
generated differential amplification signal DA_OUT to the
signal processing unit 242.

[0069] The signal processing unit 242 may measure ECG
by filtering and amplifying the differential amplification
signal DA_OUT. The signal processing unit 242 may
include a high pass filter 2421, a low pass filter 2422, and a
notch filter 2423 to filter the differential amplification signal
DA_OUT, and a signal amplifier 2424 to amplify the dif-
ferential amplification signal DA_OUT. As shown in FIG. 6,
the signal processing unit 242 may process the differential
amplification signal DA_OUT using the filters 2421, 2422,
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2423 and the signal amplifier 2424 to generate an ECG
signal consisting of PQRST waves.

[0070] The communication unit 250 may transmit signals
to the first measuring device 100 and receive signals from
the first measuring device 100 using wireless communica-
tion. For example, the communication unit 250 may receive
(Rx) the slave signal SS from the first measuring device 100,
and transmit (Tx) the wireless virtual ground signal WVG to
the first measuring device 100.

[0071] The communication unit 130 of the first measuring
device 100 and the communication unit 250 of the second
measuring device 200 may be connected to each other, for
example, using short-range wireless communication tech-
nology such as Bluetooth communication, infrared (IR)
communication, or ZigBee communication. In an embodi-
ment, each of the communication unit 130 of the first
measuring device 100 and the communication unit 250 of
the second measuring device 200 may include a Bluetooth
communication module. For example, the Bluetooth module
of the communication unit 130 and the Bluetooth module of
the communication unit 250 may be wirelessly connected
using Serial Port Profile (SPP) communication.

[0072] The second measuring device 200 may further
include a digital-analog converter 252 to convert, to an
analog signal, the slave signal SS converted to a digital
signal and received from the first measuring device 100, and
an analog-digital converter 251 to convert the wireless
virtual ground signal WVG to a digital signal.

[0073] The second measuring device 200 may further
include a synchronization control unit 260. The synchroni-
zation control unit 260 may synchronize the phases between
the second signal SIG2 inputted to the first input terminal P3
of the differential amplifier 241 and the slave signal SS
measured from the first measuring device 100 and inputted
to the second input terminal P4 of the differential amplifier.
[0074] The ECG measuring apparatus according to
another embodiment of the present disclosure may include a
first measuring device and a second measuring device con-
nected to each other using wireless communication, and the
first measuring device and the second measuring device may
have the same hardware configuration.

[0075] For example, the first measuring device (and the
second measuring device) may include a master unit, a slave
unit, and a communication unit connected to the master unit
and the slave unit. The master unit may include the second
electrode 210, the ground electrode 220, the second wireless
virtual ground unit 230, the ECG measuring unit 240, the
synchronization control unit 260, the analog-digital con-
verter 251, and the digital-analog converter 252 of the
second measuring device 200 shown in FIGS. 4 through 6.
The slave unit may include the first electrode 110, the slave
signal generation unit 120, the first wireless virtual ground
unit 140, the digital-analog converter 131, and the analog-
digital converter 132 of the first measuring device 100
shown in FIGS. 2 and 3.

[0076] The first measuring device and the second measur-
ing device may operate as a master device and a slave device
according to settings of the wearer. For example, the slave
device may operate as the first measuring device 100 shown
in FIGS. 2 and 3, and the master device may operate as the
second measuring device 200 shown in FIGS. 4 through 6.
[0077] In the case in which the first measuring device (or
the second measuring device) operates as a slave device, the
salve unit included in the first measuring device (or the
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second measuring device) may operate with the communi-
cation unit, and the master unit may not operate. In contrast,
in the case in which the second measuring device (or the first
measuring device) operates as a master device, the master
unit included in the second measuring device (or the first
measuring device) may operate with the communication
unit, and the slave unit may not operate. The slave unit and
the master unit are substantially the same as the first mea-
suring device 100 and the second measuring device 200 of
FIGS. 2 through 6, and an overlapping detailed description
may be omitted herein.

[0078] While the present disclosure has been hereinabove
described with reference to the illustrated embodiments, this
1s provided for illustration only and it will be understood by
those skilled in the art that various variations and modifi-
cations in form and details can be made thereto. However,
such variations and modifications are intended to be
included within the technical scope of protection of the
disclosure. Therefore, the genuine technical scope of pro-
tection of the disclosure shall be defined by the technical
spirit of the appended claims.

What is claimed is:

1. An apparatus for measuring electrocardiogram (ECG)
using wireless communication, the apparatus comprising a
first measuring device and a second measuring device con-
nected to each other using wireless communication,

wherein the first measuring device comprises:

a first electrode configured to measure a first signal

generated by a heartbeat; and

a slave signal generation unit configured to generate a

slave signal based on the first signal and a wireless
virtual ground signal received from the second mea-
suring device, and

the second measuring device comprises:

a second electrode configured to measure a second signal

generated by a heartbeat;

a ground electrode configured to measure a ground signal;

a wireless virtual ground unit configured to generate the

wireless virtual ground signal based on the ground
signal; and

an ECG measuring unit configured to measure ECG based

on the slave signal, the second signal, and the wireless
virtual ground signal.

2. The apparatus for measuring ECG using wireless
communication according to claim 1, wherein the wireless
virtual ground unit provides a virtual ground for matching
reference voltages of the signals between the first measuring
device and the second measuring device, and

the slave signal generation unit generates the slave signal

using the wireless virtual ground signal as reference
voltage.

3. The apparatus for measuring ECG using wireless
communication according to claim 2, wherein the ECG
measuring unit comprises a differential amplifier to amplify
a difference between the slave signal and the second signal
using the wireless virtual ground signal as reference voltage.

4. The apparatus for measuring ECG using wireless
communication according to claim 3, wherein the ECG
measuring unit further comprises a signal processing unit to
filter and amplify a signal outputted from the differential
amplifier, and

the signal processing unit comprises a high pass filter, a

low pass filter, a notch filter, and a signal amplifier.
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5. The apparatus for measuring BECG using wireless
communication according to claim 1, wherein the second
measuring device further comprises a synchronization con-
trol unit to synchronize phases between the slave signal and
the second signal.

6. The apparatus for measuring ECG using wireless
communication according to claim 1, wherein the slave
signal is converted to a digital signal and transmitted from
the first measuring device to the second measuring device,
and

the wireless virtual ground signal is converted to a digital

signal and transmitted from the second measuring
device to the first measuring device.

7. The apparatus for measuring ECG using wireless
communication according to claim 1, wherein the first signal
is measured at a wrist or an arm on any one of left and right
sides, and

the second signal is measured at a wrist or an arm on the

other one of left and right sides.

8. The apparatus for measuring ECG using wireless
communication according to claim 1, wherein any one of the
first signal and the second signal is measured at a left leg or
a left ankle, and

the other one of the first signal and the second signal is

measured at a wrist or an arm on any one of left and
right sides.

9. The apparatus for measuring ECG using wireless
communication according to claim 7, wherein each of the
first measuring device and the second measuring device
comprises a band part having a ring shape.

10. The apparatus for measuring ECG using wireless
communication according to claim 8, wherein each of the
first measuring device and the second measuring device
comprises a band part having a ring shape.

11. A method for measuring electrocardiogram (ECG)
using wireless communication, which measures ECG using
a first measuring device and a second measuring device
connected to each other using wireless communication, the
method comprising:

measuring a first signal generated by a heartbeat using the

first measuring device, and measuring a second signal
generated by a heartbeat and a ground signal using the
second measuring device;

generating a wireless virtual ground signal based on the

ground signal, and transmitting the wireless virtual
ground signal from the second measuring device to the
first measuring device;

generating a slave signal based on the first signal and the

wireless virtual ground signal received from the second
measuring device, and transmitting the generated slave
signal from the first measuring device to the second
measuring device; and

measuring BCG based on the wireless virtual ground

signal, the second signal, and the slave signal received
from the first measuring device.

12. The method for measuring ECG using wireless com-
munication according to claim 11, wherein the wireless
virtual ground signal provides a virtual ground for matching
reference voltages of the signals between the first measuring
device and the second measuring device, and

the slave signal is generated using the wireless virtual

ground signal as reference voltage.

13. The method for measuring ECG using wireless com-
munication according to claim 12, wherein the measuring of
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ECG comprises amplifying, using a differential amplifier, a
difference between the slave signal and the second signal
using the wireless virtual ground signal as reference voltage.

14. The method for measuring ECG using wireless com-
munication according to claim 13, wherein the measuring of
ECG further comprises filtering a signal outputted from the
differential amplifier using a high pass filter, a low pass filter,
and a notch filter, and amplifying the signal using a signal
amplifier.

15. The method for measuring ECG using wireless com-
munication according to claim 11, further comprising syn-
chronizing phases between the slave signal and the second
signal.

16. The method for measuring ECG using wireless com-
munication according to claim 11, wherein the slave signal
is converted to a digital signal and transmitted from the first
measuring device to the second measuring device, and
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the wireless virtual ground signal is converted to a digital
signal and transmitted from the second measuring
device to the first measuring device.

17. The method for measuring ECG using wireless com-
munication according to claim 11, wherein the first signal is
measured at a wrist or an arm on any one of left and right
sides, and

the second signal is measured at a wrist or an arm on the

other one of left and right sides.

18. The method for measuring ECG using wireless com-
munication according to claim 11, wherein any one of the
first signal and the second signal is measured at a left leg or
a left ankle, and

the other one of the first signal and the second signal is

measured at a wrist or an arm on any one of left and
right sides.
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