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DEFIBRILLATOR INCLUDING FUNCTIONS
FOR MEASURING AND REMOVING
MOTION ARTIFACT

TECHNICAL FIELD

[0001] The present invention relates to a defibrillator and,
more particularly, to a defibrillator having a function of mea-
suring and removing motion artifacts.

BACKGROUND ART

[0002] Motion artifact, in ECG sensing applications, is a
signal distortion caused by motion of an ECG sensing elec-
trode. The motion artifact is generated because a charge dis-
tribution on a boundary surface between an electrode and an
electrolyte is disturbed due to the motion of the electrode, a
half-cell potential is changed, and thus a change of a mea-
sured bio potential is caused. It is difficult to remove such a
motion artifact when an electrocardiogram (ECG) is mea-
sured because the motion artifact chiefly has a low frequency
component.

[0003] Ifan emergency patient occurs, a motion artifact is
generated as a motion, such as the transfer of the patient, is
generated. Accordingly, there is a problem in that it is difficult
to check and analyze the rhythm of the heart.

[0004] Furthermore, in order to improve the restoration of
spontaneous circulation of a sudden cardiac arrest patient, a
chest compression hands-off time needs to be minimized. In
the case of a current automated external defibrillator, cardiop-
ulmonary resuscitation has to be stopped during a period in
which the rhythm of the heart is checked for precise ECG
analysis. Accordingly, there is a need for a technology for
removing an artifact generated when the chest is compressed
in order to continue cardiopulmonary resuscitation when an
ECG is analyzed.

DISCLOSURE

Technical Problem

[0005] An object of the present invention is to provide a
defibrillator having a function of measuring and removing a
motion artifact generated when the chest is compressed and a
method of operating the defibrillator.

[0006] Another object of the present invention is to provide
a defibrillator capable of minimizing chest compression
hands-off time and increasing the accuracy of ECG measure-
ment by measuring and removing a motion artifact generated
due to a motion of a defibrillator electrode which is attribut-
able to various causes when an ECG is measured, for
example, chest compression or a motion of the patient’s body
during cardiopulmonary resuscitation (CPR), and a method
of operating the defibrillator.

Technical Solution

[0007] In accordance with an aspect of the present inven-
tion, a defibrillator is provided for monitoring the ECG signal
of an object using a plurality of electrodes, including a pair of
first electrodes comprising a first main electrode and a first
sub-electrode placed adjacent to the first main electrode and
insulated from the first main electrode, a pair of second elec-
trodes comprising a second main electrode and a second
sub-electrode placed adjacent to the second main electrode
and insulated from the second main electrode, a first mea-
surement unit measuring a first active potential, associated
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with the pair of first electrodes, using a potential difference
between the pair of first electrodes, a second measurement
unit measuring a second active potential, associated with the
pair of second electrodes, using a potential difference
between the pair of second electrodes, and an estimation unit
estimating an ECG artifact associated with a difference
between the first active potential and the second active poten-
tial.

[0008] In accordance with an embodiment of the present
invention, the defibrillator may further include a third mea-
surement unit measuring a low ECG signal using a potential
difference between the first main electrode and the second
main electrode and a signal restoration unit restoring the final
ECG obtained by removing the ECG artifact from the low
ECG signal using the estimated ECG artifact.

[0009] Furthermore, the defibrillator may further include
an energy conversion unitreceiving an electromagnetic signal
around the defibrillator and converting the electromagnetic
signalinto electric energy and a power storage unit storing the
electric energy converted by the energy conversion unit and
supplying the driving power for the defibrillator.

[0010] Furthermore, the electrode unit of a defibrillator
brought in contact with an object in order to measure the ECG
signal of the object is configured to include a pair of first
electrodes including a first main electrode and a first sub-
electrode placed adjacent to the first main electrode and insu-
lated from the first main electrode and a pair of second elec-
trodes including a second main electrode and a second sub-
electrode placed adjacent to the second main electrode and
insulated from the second main electrode.

[0011] In accordance with another aspect of the present
invention, there is provided a method of operating defibrilla-
tor for monitoring the ECG signal of an object using a plu-
rality of electrodes, including steps of measuring a first active
potential associated with a pair of first electrodes using a
potential difference between the pair of first electrodes of the
defibrillator—the pair of first electrodes including a first main
electrode and a first sub-electrode placed adjacent to the first
main electrode and insulated from the first main electrode —,
measuring a second active potential associated with a pair of
second electrodes using a potential difference between the
pair of second electrodes of the defibrillator—the pair of
second electrodes including a second main electrode and a
second sub-electrode placed adjacent to the second main
electrode and insulated from the second main electrode—,
and estimating an ECG artifact associated with a difference
between the first active potential and the second active poten-
tial.

[0012] The method of operating a defibrillator may further
include steps of measuring alow ECG signal using a potential
difference between the first main electrode and the second
main electrode and restoring the final ECG obtained by
removing an artifact from the low ECG signal using the
estimated ECG artifact.

Advantageous Effects

[0013] In accordance with an embodiment of the present
invention, a chest compression interruption time can be mini-
mized and an ECG can be precisely measured by measuring
and removing the external force induced electrical excitation
of the heart or a change of chest impedance attributable to
chest compression and a variety of types of noise present
within an ECG, such as an artifact generated on a boundary
surface between an electrode and the skin.
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DESCRIPTION OF DRAWINGS

[0014] FIG.1is a diagram for illustrating a basic principle
on which a potential difference between measurement elec-
trodes spaced apart from each other is calculated in an ECG
measurement model.

[0015] FIG. 2isa block diagram of a defibrillator in accor-
dance with an embodiment of the present invention.

[0016] FIG. 3 is a circuit diagram illustrating that the first
measurement unit, the second measurement unit, the third
measurement unit, and the estimation unit of the defibrillator
in accordance with an embodiment of the present invention
have been illustratively implemented.

[0017] FIG.4isacircuit diagram illustrating an exemplary
implementation of the signal restoration unit of the defibril-
lator in accordance with an embodiment of the present inven-
tion.

[0018] FIG.5is a block diagram illustrating a defibrillator
extended in accordance with an embodiment of the present
invention.

[0019] FIG. 6 is a diagram illustrating the configuration of
the electrodes of a defibrillator capable of measuring a motion
artifact.

[0020] FIG. 7 is a flowchart illustrating a method of oper-
ating the defibrillator in accordance with an embodiment of
the present invention.

DESCRIPTION OF NUMERALS

[0021] 200: defibrillator

[0022] 210: pair of first electrodes
[0023] 220: pair of second electrodes
[0024] 230: first measurement unit
[0025] 240 second measurement unit
[0026] 250: third measurement unit
[0027] 260: estimation unit

[0028] 270: signal restoration unit
[0029] 280: energy conversion unit
[0030] 290: power storage unit
[0031] 410: normalization vnit
[0032] 420: analysis unit

[0033] 430: delay unit

[0034] 440: FIR filter unit

[0035] 450: adaptive filter unit
[0036] 460: calculation unit

MODE FOR INVENTION

[0037] Hereinafter, preferred embodiments of the present
invention which may realize the objects concretely are
described with reference to the accompanying drawings. In
this case, the elements and operations ofthe present invention
illustrated in the drawings and described with reference to the
drawings are described as at least one embodiment, and the
technical idea of the present invention and core configura-
tions and operations thereof are not limited by such elements
and operations.

[0038] Terms used in the present invention are common
terms that are now widely used by taking functions in the
present invention into consideration, but the terms may be
changed depending on an intention of a person skilled in the
art, a use practice, or the appearance of a new technology.
Furthermore, in special cases, terms randomly selected by the
applicant are used. In such a case, the meaning of a corre-
sponding term is clearly described in a corresponding part of
the detailed description. Accordingly, terms used in the
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present invention should not be understood simply based on
their names, but should be understood based on their mean-
ings and the general contents of the present invention.
[0039] Inthe entire specification, an ECG signal is a signal
directly obtained from a body through a plurality of elec-
trodes. The ECG signal refers to a signal including the exter-
nal force induced electrical excitation of the heart due to chest
compression, an artifact generated on a boundary surface
between an electrode and the skin.

[0040] Furthermore, in the entire specification, an ECG
artifact is a result obtained by measuring a change in the
potential of each electrode attributable to a motion and may
be understood as the same meaning as a motion artifact used
in the entire specification.

[0041] In the entire specification, a low ECG signal is a
difference between measured potentials between main elec-
trodes and refers to an ECG signal before an ECG artifact is
removed.

[0042] Furthermore, in the entire specification, the final
ECG is a signal obtained by removing the ECG artifact from
the low ECG signal and means a signal to be finally obtained
by a defibrillator according to the present invention.

[0043] FIG. 1 is a diagram for illustrating a basic principle
on which a potential difference between measurement elec-
trodes spaced apart from each other is calculated in an ECG
measurement model.

[0044] In the ECG measurement model, the heart is con-
sidered to be a single electrical dipole, and a potential differ-
ence between points A and B in respective distances r, and r,
in the dipole is computed.

[0045] A potential difference between the spaced measure-
ment electrodes is the same as Equation 1. The size of a heart
signal is reduced as a distance vector R between electrodes
and a distance r between the heart and a measurement elec-
trode are reduced.

P-ln-r) PR _
drcrd

Equation 1

v(r, r2) =

[0046] Ifthe distance from the heart and the distance from
the electrode are reduced based on such a principle, only a
motion artifact can be emphasized because a Signal to Noise
Ratio (SNR) is lowered.

Equation 2

P, signal

SNRap = 1010g10( ] = Puignatap — Puoise.ds

roise

[0047] In other words, a defibrillator according to the
present invention identifies a motion artifact using a motion
artifact emphasizing method.

[0048] Ifthe principle is applied to the present invention, A
and B of FIG. 1 may be considered to be a pair of first
electrodes and a pair of second electrodes, respectively, in the
distances r, and r, from the heart. Accordingly, a motion
artifact can be identified using an SNR emphasizing method,
such as Equation 2.

[0049] Furthermore, the principle may also be applied to a
main electrode and sub-electrode included in each electrode
pair.

[0050] Assuming that A" and B' are placed at respective

adjacent points in A and B of FIG. 1, A and B may be
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considered to be a first main electrode and a second main
electrode, respectively, and A' and B' may be considered to be
a first sub-electrode and a second sub-electrode, respectively.
Furthermore, assuming that distances between the heart and
AandA'arer, andr, ', respectively, and distances between the
heart and B and B'arer, andr,', respectively, amotion artifact
occurred in each electrode can be identified using the SNR
emphasizing method of Equation 2.

[0051] Contents regarding the measurement of a motion
artifact between the pair of first electrodes and the pair of
second electrodes and between the main electrode and sub-
electrode included in each of the electrode pairs are described
in detail later with reference to FIG. 3.

[0052] FIG. 2 is a block diagram of a defibrillator 200 in
accordance with an embodiment of the present invention.
[0053] The defibrillator 200 is configured to include a pair
of first electrodes 210, a pair of second electrodes 220, a first
measurement unit 230, a second measurement unit 240, a
third measurement unit 250, an estimation unit 260, and a
signal restoration unit 270.

[0054] The pair of first electrodes 210 includes a first main
electrode 211 and a first sub-electrode 213 placed adjacent to
the first main electrode 211 with an insulation unit 212 inter-
posed between the first main electrode and the first sub-
electrode 213. Likewise, the pair of second electrodes 220
includes a second main electrode 221 and a second sub-
electrode 223 placed adjacent to the second main electrode
and insulated from the second main electrode 221 through an
insulation unit 222. The ECG signal of an object is received
through the main electrodes and sub-electrodes of the pair of
first electrodes 210 and the pair of second electrodes 220.
[0055] The first measurement unit 230 measures a first
active potential, associated with the pair of first electrodes
210, using a potential difference between the first main elec-
trode 211 and first sub-electrode 213 of the pair of first elec-
trodes 210.

[0056] Likewise, the second measurement unit 240 mea-
sures a second active potential, associated with the pair of
second electrodes 220, using a potential difference between
the second main electrode 221 and second sub-electrode 223
of the pair of second electrodes 220.

[0057] The estimation unit 260 performs the estimation of
an ECG artifact associated with a difference between the first
active potential and the second active potential. The ECG
artifact corresponds to a noise that is representative of a
change of an electrical characteristic within an object attrib-
utable to external physical force that is transferred to at least
one of the plurality of electrodes of the defibrillator 200 of the
present invention or the object.

[0058] The estimation unit 260 is configured to include a
first amplifier for amplifying a difference between the first
active potential and the second active potential respectively
measured by the first measurement unit 230 and the second
measurement unit 240, a first bandpass filter unit for perform-
ing a bandpass operation on the output of the first amplifier in
response to a first frequency band, and a first analog-digital
converter unit for converting the bandpass-filtered signal into
a digital signal.

[0059] The third measurement unit 250 measures a low
ECG signal using a difference between the potentials of the
first main electrode 211 and the second main electrode 221.
[0060] The third measurement unit 250 is configured to
include a second amplifier for amplifying a difference
between the potential of the first main electrode 211 and the

May 21,2015

potential of the second main electrode 221, a second bandpass
filter unit for performing a bandpass operation on the output
of the second amplifier in response to a second frequency
band, and a second analog-digital converter unit for convert-
ing the bandpass-filtered signal into a digital signal.

[0061] The estimation unit 260 restores the final ECG
obtained by removing an ECG artifact from the low ECG
signal using the ECG artifact estimated by the estimation unit
260.

[0062] The signal restoration unit 270 may be configured
include an adaptive filter unit for filtering the ECG artifact
estimated by the estimation unit 260, a delay unit for delaying
the low ECG signal measured by the third measurement unit,
and a calculation unit for restoring the final ECG signal by
subtracting the filtered ECG artifact from the delayed low
ECG signal.

[0063] FIG. 3 is a circuit diagram illustrating that the first
measurement unit 230, the second measurement unit 240, the
third measurement unit 250, and the estimation unit 260 of the
defibrillator in accordance with an embodiment of the present
invention have been illustratively implemented.

[0064] Potentials measured from the pair of first electrodes
and the pair of second electrodes may be expressed as in
Equation 3.

X=Heartgtegpr X=Heartgeters

Y=Heart; +e; 5, V'=Heart; ste; s Equation 3

[0065] In Equation 3, Heart, is a heart potential measured
from the pair of first electrodes (the first main electrode and
the first sub-electrode) and the pair of second electrodes (the
second main electrode and the second sub-electrode), and e
is the active potential of each of the electrodes. X and X'
denote changes of potentials measured from the first main
electrode and the first sub-electrode, and Y and Y' denote
changes of potentials measured from the second main elec-
trode and the second sub-electrode.

[0066] A change of electric potential between the first main
electrode 211 and the second main electrode 221 that is mea-
sured by the third measurement unit 250 is the same as Equa-
tion 4.

X =Y = (Heartgy +egy) — (Heartyy + epp) Equation 4

= AHearty + Aey

[0067] InEquation 4, AHeart,,means a common ECG, and
Ae,, means a difference between the active potentials of the
main electrodes of the pair of first electrodes and the pair of
second electrodes.

[0068] A potential difference between the first main elec-
trode 211 and the first sub-electrode 213, measured by the
first measurement unit 230, and a potential difference
between the second main electrode 221 and the second sub-
electrode 223, measured by the second measurement unit
240, is the same as Equation 5.
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Ne=X-X Equation 5

= (HeartRM + eRM) - (HeartRS + €R5)
= (Heartgy + Heartgs) — (epyy + egs)
= AHeartp + Aeg

Ny=Y-v
= (Hearty + ery) — (Heartps + ers)
= (Heartpy + Heartrs) — (epu +efs)
= AHeart; + Aey,

[0069] InEquation 5, N and N; mean respective potential
differences between the main electrodes 211 and 221 and the
respective sub-electrodes 213 and 223, measured by the first
measurement unit 230 and the second measurement unit 240,
that is, the first active potential and the second active poten-
tial.

[0070] A difference between the first active potential and
the second active potential measured by the estimation unit
260 may be expressed by Equation 6.

Npo=Ng =Ny Equation 6

= (AHearip + Aeg) — (AHearty, + Aey)

= (AHeartg + AHearty) + (Aeg + Aep)

[0071] Inthis case, assuming that AHeart, and AHeart; are
neglected because they have relatively small values, the result
of Equation 6 may be considered to be Nj;~Aep—Ae;. Fur-
thermore, the result N; of Equation 6 is estimated as an ECG
artifact.

[0072] Furthermore, if the area of the electrode has a rela-
tionship proportional to the influence of an active potential,
the active potentials Aeg,,and Ae, ,,of the first main electrode
and the second main electrode may be estimated as Aey and
Ae,, respectively. That is, it may be considered to be
Aey N, .

[0073] FIG. 4 s a circuit diagram illustrating an exemplary
implementation of the signal restoration unit 270 of the
defibrillator in accordance with an embodiment ofthe present
invention,

[0074] The signal restoration unit 270 is configured to
include a normalization unit 410 for normalizing an ECG
artifact estimated by the estimation unit 260 and a low ECG
signal measured by the third measurement unit 250, an analy-
sis unit 420 for determining a cross correlation between the
normalized signals, a delay unit 430 for delaying and filtering
the normalized ECG signal, an FIR filter unit 440, an adaptive
filter unit 450 for restoring the normalized ECG signal and the
ECG artifact, and a calculation unit 460 for restoring the final
ECG signal by subtracting the filtered ECG artifact from the
delayed low ECG signal.

[0075] Referring to FIG. 4, the signal restoration unit 270
analyzes a frequency characteristic of an ECG artifact
received from the estimation unit and sets a low bandpass
band so that the band is time-variant. Furthermore, the signal
restoration unit 270 extracts a base line component similar to
a change of the ECG artifact from a low ECG signal that has
been measured by the third measurement unit and received
and scales the base line component by normalizing the base
line component through the normalization unit 410.
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[0076] The cross correlation between the normalized sig-
nals is read through a cross correlation analysis performed by
the analysis unit 420. The reading of the cross correlation is
performed using a correlation coefficient obtained as a result
of the cross correlation analysis. If the correlation coefficient
has a value smaller than a specific value, the ECG artifact
signal is determined to be unreliable.

[0077] For example, assuming that the correlation coeffi-
cient becomes numerical in a range of 0-1 and a specific
reference is 0.7, if the correlation coefficient is smaller than
0.7, measurement needs to be performed again because the
ECG artifact signal is unreliable.

[0078] However, if the correlation coefficient is equal to or
greater than 0.7, the normalized ECG signal and the normal-
ized ECG artifact signal may be obtained because the ECG
artifact signal is reliable.

[0079] The normalized ECG signal and the normalized
ECG artifact are restored by the adaptive filter unit 450.
[0080] The normalized ECG signal is subject to the opera-
tions of the delay unit 430 and the FIR filter unit 440 and is
subject to subtraction operation along with the ECG artifact
filtered by the calculation unit 460, thus being restored to the
final ECG signal (i.e., a restored ECG).

[0081] FIG. 5 is a block diagram illustrating a defibrillator
200 extended in accordance with an embodiment of the
present invention.

[0082] The defibrillator 200 is configured to include a pair
of first electrodes 210, a pair of second electrodes 220, a first
measurement unit 230, a second measurement unit 240, a
third measurement unit 250, an estimation unit 260, an energy
conversion unit 280, and a power storage unit 290.

[0083] The pair of first electrodes 210, the pair of second
electrodes 220, the first measurement unit 230, the second
measurement unit 240, the third measurement unit 250, and
the estimation unit 260 are the same as those illustrated in
FIG. 2. The defibrillator 200 may be configured to further
include the energy conversion unit 280 and the power storage
unit 290 in addition to the elements of FIG. 2.

[0084] The energy conversion unit 280 receives an electro-
magnetic signal around the defibrillator 200 and converts the
electromagnetic signal into electric energy.

[0085] The energy conversion unit 280 includes a power
monitoring unit for collecting information about a power
supply state of the defibrillator 200 and a controller for trans-
ferring the abnormality of power supply to an external device
if the abnormality of power supply is detected based on the
information about the power supply state received from the
power monitoring unit. The energy conversion unit 280 may
further include a communication processor responsible for
communication between the defibrillator and the external
device and a diagnosis processor for checking the current
state of power supply based on information about a power
supply state collected by the power monitoring unit.

[0086] The controller automatically instructs internal
power supply if power supply through the energy conversion
unit 280 is impossible. Furthermore, the controller checks a
power supply problem through the power monitoring unit. If
the amount of remaining battery power is less than or equal to
the minimum amount for defibrillation, the controller trans-
fers a communication function stop message to an external
device and blocks the function of a communication process.
[0087] FIG. 6 is a diagram illustrating the configuration of
the electrodes of the defibrillator capable of measuring a
motion artifact.
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[0088] 1In order to simultancously measure an ECG and a
motion artifact, electrode pairs having a structure, such as that
of FIG. 6, are used. Each of the electrode pairs includes two
separated conduction parts with an insulation unit interposed
in between. The two separated conduction parts may be con-
sidered to be a main electrode and a sub-electrode, respec-
tively. The main electrode and the sub-electrode are con-
nected to connectors through separated lines.

[0089] FIG. 7 is a flowchart illustrating a method of oper-
ating the defibrillator for monitoring the ECG signal of an
object using a plurality of electrodes in accordance with an
embodiment of the present invention.

[0090] At step 710, a first active potential associated with
the pair of first electrodes is measured using a potential dif-
ference between the first main electrode 211 and first sub-
electrode 213 of the pair of first electrodes 210,

[0091] The first main electrode 211 and first sub-electrode
213 of the pair of first electrodes 210 are placed adjacent to
each other and insulated from each other with the insulation
unit 212 interposed therebetween.

[0092] At step 720, a second active potential associated
with the pair of second electrodes is measured using a poten-
tial difference between the second main electrode 221 and
second sub-electrode 223 of the pair of second electrodes
220.

[0093] Like the pair of first electrodes 210, the pair of
second electrodes 220 is configured to include the second
main electrode 221 and the second sub-electrode 223 that is
insulated from and placed adjacent to the second main elec-
trode.

[0094] The first active potential and the second active
potential measured at steps 710 and 720 are used to estimate
an ECG artifact at step 730. The ECG artifact is estimated in
association with a difference between the first active potential
and the second active potential.

[0095] As described with reference to FIG. 3, the estimated
ECG artifact is obtained in such a way as to amplify a differ-
ence between the first active potential and the second active
potential, perform a bandpass operation on the amplified
output in response to a first frequency band, and convert the
bandpass-filtered signal into a digital signal.

[0096] The ECG artifact corresponds to a noise that is rep-
resentative of a change of an electrical characteristic within
an object attributable to external physical force that is trans-
ferred to at least one of the plurality of electrodes of the
defibrillator of the present invention or the object.

[0097] At step 740, a low ECG signal is measured using a
potential difference between the first main electrode 211 and
the second main electrode 221.

[0098] Thelow ECG signal may be obtained in such a way
as to amplify a difference between the potential of the first
main electrode and the potential of the second main electrode,
perform a bandpass operation on the amplified output in
response to a second frequency band, and convert the band-
pass-filtered signal into a digital signal.

[0099] At step 750, the final ECG obtained by removing an
artifact from the low ECG signal is restored using the esti-
mated ECG artifact.

[0100] The final ECG is restored by delaying the low ECG
signal, filtering the ECG artifact, and then subtracting the
filtered ECG artifact from the delayed low ECG signal.
[0101] As described above, although the present invention
has been described in connection with specific matters, such
the detailed elements, and the limited embodiments and
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drawings, they are provided only to help general understand-
ing of the present invention, and the present invention is not
limited to the embodiments. A person having ordinary skill in
the art to which the present invention pertains may change and
modify the present invention in various ways from the above
description.

[0102] Accordingly, the spirit of the present invention
should not be construed as being limited to the embodiments,
and all the equal or equivalent modifications of the attached,
claims should be constructed as belonging to the category of
the present invention.

1. A defibrillator for monitoring an ECG signal of an object

using a plurality of electrodes, comprising:

a pair of first electrodes comprising a first main electrode
and a first sub-electrode placed adjacent to the first main
electrode and insulated from the first main electrode;

a pair of second electrodes comprising a second main elec-
trode and a second sub-electrode placed adjacent to the
second main electrode and insulated from the second
main electrode;

a first measurement unit measuring a first active potential,
associated with the pair of first electrodes, using a poten-
tial difference between the pair of first electrodes;

a second measurement unit measuring a second active
potential, associated with the pair of second electrodes,
using a potential difference between the pair of second
electrodes; and

an estimation unit estimating an ECG artifact associated
with a difference between the first active potential and
the second active potential.

2. The defibrillator of claim 1, further comprising:

a third measurement unit measuring a low ECG signal
using a potential difference between the first main elec-
trode and the second main electrode; and

a signal restoration unit restoring a final ECG obtained by
removing the ECG artifact from the low ECG signal
using the estimated ECG artifact.

3. The defibrillator of claim 2, wherein the signal restora-

tion unit comprises:

an adaptive filter unit filtering the ECG artifact;

a delay unit delaying the low ECG signal; and

a calculation unit restoring the final ECG signal by sub-
tracting the filtered ECG artifact from the delayed low
ECG.

4. The defibrillator of claim 1, wherein the estimation unit

comptises:

a first amplifier amplifying the difference between the first
active potential and the second active potential;

a first bandpass filter unit performing a bandpass operation
on an output of the first amplifier in response to a first
frequency band; and

a first analog-digital converter unit converting the band-
pass-filtered signal into a digital signal.

5. The defibrillator of claim 2, wherein the third measure-

ment unit comprises:

a second amplifier amplifying a difference between the
potential of the first main electrode and the potential of
the second main electrode;

a second bandpass filter unit performing a bandpass opera-
tion on an output of the second amplifier in response to
a second frequency band; and

a second analog-digital converter unit converting the band-
pass-filtered signal into a digital signal.
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6. The defibrillator of claim 1, wherein the ECG artifact
corresponds to a noise representative of a change of an elec-
trical characteristic within an object attributable to external
physical force that is transferred to at least one of the plurality
of electrodes of the defibrillator or the object.

7. The defibrillator of claim 1, further comprising:

an energy conversion unit receiving an electromagnetic
signal around the defibrillator and converting the elec-
tromagnetic signal into electric energy; and

a power storage unit storing the electric energy converted
by the energy conversion unit and supplying driving
power for the defibrillator.

8. The defibrillator of claim 7, wherein the energy conver-

sion unit comprises:

a power monitoring unit collecting information about a
power supply state of the defibrillator; and

acontroller transferring an abnormality of power supply to
an external device if the abnormality of power supply is
detected based on the information about the power sup-
ply state received from the power monitoring unit.

9. The defibrillator of claim 8, wherein the controller auto-
matically instructs internal power supply if power supply
through the energy conversion unit is impossible.

10. An electrode unit of a defibrillator brought in contact
with an object in order to measure an ECG signal of the
object, the electrode unit comprising:

a pair of first electrodes comprising a first main electrode
and a first sub-electrode placed adjacent to the first main
electrode and insulated from the first main electrode;
and
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apair of second electrodes comprising a second main elec-
trode and a second sub-electrode placed adjacent to the
second main electrode and insulated from the second
main electrode.
11. A method of operating a defibrillator for monitoring an
ECG signal of an object using a plurality of electrodes, the
method comprising steps of:
measuring a first active potential associated with a pair of
first electrodes using a potential difference between the
pair of first electrodes of the defibrillator—the pair of
first electrodes comprising a first main electrode and a
first sub-electrode placed adjacent to the first main elec-
trode and insulated from the first main electrode—;

measuring a second active potential associated with a pair
of second electrodes using a potential difference
between the pair of second electrodes of the defibrilla-
tor—the pair of second electrodes comprising a second
main electrode and a second sub-electrode placed adja-
cent to the second main electrode and insulated from the
second main electrode —; and

estimating an ECG artifact associated with a difference

between the first active potential and the second active
potential.

12. The method of claim 11, further comprising steps of:

measuring a low ECG signal using a potential difference

between the first main electrode and the second main
electrode; and

restoring a final ECG obtained by removing an artifact

from the low ECG signal using the estimated ECG arti-
fact.
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