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7) ABSTRACT

Provided is a film-type biomedical signal measuring appara-
tus configured in a such a way that a plurality of metallic thin
film electrodes and a circuit unit are formed on a film-type
piezoelectric element so as to easily attach the apparatus to
the skin and an electrical signal as well as an electrical signal
of a human body is simultaneously measured using the plu-
rality of metallic thin film electrodes and the circuit unit.
Accordingly, the film-type biomedical signal measuring
apparatus simultaneously measures electrocardiogram
(ECG) and ballistocardiogram (BCG) from the simulta-
neously measured electrical signal and vibration signal of the
human body and extracts biomedical information of various
types of health indexes such as a heart rate, a stress index,
BCG, a blood pressure, an amount of physical activity, a
respiration rate, and VO,max from the two different biomedi-
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FILM-TYPE BIOMEDICAL SIGNAL
MEASURING APPARATUS, BLOOD
PRESSURE MEASURING APPARATUS USING
THE SAME, CARDIOPULMONARY FITNESS
ESTIMATING APPARATUS, AND PERSONAL
AUTHENTICATION APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Apparatuses and methods consistent with the
present invention relate to a film-type biomedical signal mea-
suring apparatus, and more particularly, to a film-type bio-
medical signal measuring apparatus that is configured in the
form of a film to be easily attached to skin and to simulta-
neously measure two or more biomedical signals, a blood-
pressure measuring apparatus and method for measuring
blood pressure using the film-type biomedical signal measur-
ing apparatus, a new-type cardiopulmonary fitness estimating
apparatus and method for estimating a cardiopulmonary fit-
ness index using the film-type biomedical signhal measuring
apparatus, and a personal authentication apparatus and
method for determining whether a user is authenticated using
the film-type biomedical signal measuring apparatus.

[0003] 2. Description of the Related Art

[0004] For health examination of ordinary people as well as
patients and elderly people, various biomedical signals such
as electrocardiogram (ECG), ballistocardiogram (BCG),
blood pressure, the amount of physical activity, a respiration
rate, and maximal oxygen uptake (VO,max) are required.
However, most typical biomedical signal measuring appara-
tus are configured to separately measure these biomedical
signals.

[0005] For example, an ECG measuring apparatus mea-
sures ECG by measuring an electrical signal of beating heart.
In this regard, the ECG measuring apparatus is generally
configured to measure an electrical signal of beating heart
above the skin and has been widely used in hospitals. In
hospitals, distortion, etc. of waveforms of ECG signals are
analyzed to determine whether the heart is abnormal, and heat
reaction according to various health indexes, for example,
stress and motion load are checked simply using a heart rate.
For ECG measurement, at least three electrodes up to 10
electrodes are attached onto a skin surface so as 1o measure
ECG. In general, when ECG is measured using three elec-
trodes, one electrode is used as a reference electrode and a
potential difference between the remaining two electrodes is
measured so as to measure ECG

[0006] In addition, a BCG measuring apparatus measures
physical reaction force of blood squirted during heartbeat on
a skin surface to measure BCG, and biomedical indexes that
is not present in ECG can be checked based on BCG. Accord-
ingly, the BCG measuring apparatus have continuously
received considerable attention by biomedical related
researchers. For BCG measurement, BCG is measured by
positioning a piezoelectric element between one part of a
body, for example, sole and buttocks and a floor that contacts
the body part and acquiring vertical vibration of the body
according to blood flow as an electrical signal or positioning
an acceleration sensor on the skin surface and measuring
reaction of the body according to action of blood.

[0007] In addition, a body motion measuring apparatus
measures body motion by quantitatively measuring a degree
of movement of an acceleration sensor attached to each part
such as an arm and a leg of the body to analyze the amount of
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physical activity, calorie consumption, step number, and so
on. That is, the body motion measuring apparatus measures
body motion by analyzing vibration of each part of the body
according to body motion.

[0008] However, there are problems in that, an typical ECG
measuring apparatus has a large size and a large number of
wires, and thus it is cumbersome to use the apparatus and it is
difficultto use the apparatus during movement, and even if the
apparatus has a simple configuration, the apparatus is put
around the chest in the form of a belt, and thus it is inconve-
nient to use the apparatus.

[0009] A typical BCG measuring apparatus measures BCG
by positioning a wide and stiff paper type piezoelectric sensor
ona wide body part such as a gap between buttock and a chair,
between back and a chair, and between back and a bed or
positioning a load cell type weight measuring sensor between
abed leg and the ground or in a weight scale, and thus there is
a problem in that it is difficult to use the BCG measuring
apparatus like the ECG measuring apparatus.

[0010] Most typical biomedical signal measuring appara-
tuses measure only one of biomedical signals such as ECG or
BCG to provide only simple information, and thus there is a
problem in that apparatuses according to respective biomedi-
cal signals need to be separately used to measure each bio-
medical signal.

[0011] In addition, among typical biomedical signal mea-
suring apparatus, there is an apparatus for measuring a plu-
rality of biomedical signals. There is a problem in that it is
impossible to derive additional health information even if the
apparatus for measuring a plurality of biomedical signals is
used.

SUMMARY OF THE INVENTION

[0012] The present invention provides a film-type biomedi-
cal signal measuring apparatus that is configured in the form
of a film so as to be easily attached to the skin and simulta-
neously measures two or more biomedical signals.

[0013] The present invention also provides an apparatus
and method for measuring a blood pressure, for continuously
measuring a blood pressure without limits of places using a
film-type biomedical signal measuring apparatus that is con-
figured in the form of a film so as to be easily attached to the
skin and simultaneously measures an ECG signal and a BCG
signal.

[0014] The present invention also provides a new type
apparatus and method for estimating cardiopulmonary fit-
ness, for very simply estimating a cardiopulmonary fitness
index during a daily life using a film-type biomedical signal
measuring apparatus that is configured in the form ofa film so
as to be easily attached to the skin and simultaneously mea-
sures an ECG signal and a BCG signal.

[0015] The present invention also provides a personal
authentication apparatus and method for determining
whether a user is authenticated using a film-type biomedical
signal measuring apparatus that is configured in the form ofa
film so as to be easily attached to the skin and simultaneously
measures an ECG signal and a BCG signal.

[0016] According to an aspect of the present invention, a
film-type biomedical signal measuring apparatus includes a
film-type piezoelectric element, a plurality of metallic thin
film electrodes formed on the piezoelectric element, a first
circuit unit for measuring a biomedical evoked potential from
at least two of the plurality of metallic thin film electrodes,
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and a second circuit unit for measuring a biomedical evoked
vibration signal from at least two of the plurality of metallic
thin film electrodes.

[0017] A blood pressure measuring apparatus using the
film-type biomedical signal measuring apparatus according
to the present invention may include the film-type biomedical
signal measuring apparatus and a blood pressure calculator
for calculating a blood pressure using the ECG signal and the
BCG signal that are measured by the first circuit unit and the
second circuit unit, respectively.

[0018] A method for measuring a blood pressure using a
film-type biomedical signal measuring apparatus according
to the present invention may include simultaneously measur-
ing an electrocardiogram (ECG) signal and a ballistocardio-
gram (BCG) signal, deriving an R-peak value of the simulta-
neously measured ECG signal and a J-peak value of the
simultaneously measured BCG signal, deriving an R-J time
interval between the derived R-peak value and J-peak value,
and calculating the blood pressuring using the derived R-J
time interval and a pre-stored blood pressure estimation
regression equation for each user.

[0019] A cardiopulmonary fitness estimating apparatus
using a film-type biomedical signal measuring apparatus
according to the present invention may include the film-type
biomedical signal measuring apparatus, and a cardiopulmo-
nary fitness index estimator for estimating a cardiopulmonary
fitness index using the ECG signal measured by the first
circuit unit and the vibration signal measured by the second
circuit unit.

[0020] A method for estimating cardiopulmonary fitness
using a film-type biomedical signal measuring apparatus
according to the present invention may include calculating
and storing a heart rate and an amount of physical activity
from the simultaneously and continuously measured ECG
signal and human body motion signal, respectively at each
unit time, extracting heart rate and amount of physical activity
data in a period in which the heart rate increases from the
stored heart rate and amount of physical activity data, detect-
ing a regression equation between an amount of physical
activity and a heart rate in which a period in which the heart
rate increases using the extracted heart rate and amount of
physical activity data, calculating maximum activity energy
expenditure using the detected regression equation, and cal-
culating maximal oxygen uptake (VO,max) using the calcu-
lated maximum activity energy expenditure and a pre-stored
maximal oxygen uptake estimation regression equation.

[0021] A personal authentication apparatus using a film-
type biomedical signal measuring apparatus according to the
present invention may include the film-type biomedical sig-
nal measuring apparatus, and a personal authentication unit
for determining whether a user is authenticated using the
ECG signal and the BCG signal that are measured by the first
circuit unit and the second circuit unit, respectively.

[0022] A personal authentication method using a film-type
biomedical signal measuring apparatus according to the
present invention may include detecting an ECG fiducial
value and a BCG fiducial value of an authentication target
from the simultaneously ECG signal and BCG signal, respec-
tively, and determining whether the user is authenticated by
comparing the detected ECG fiducial value and BCG fiducial
value of the authentication target with a pre-stored ECG fidu-
cial value and BCG fiducial value of the registration, respec-
tively.
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ADVANTAGEOUS EFFECTS

[0023] The film-type biomedical signal measuring appara-
tus according to the present invention may be configured in
such a way that a plurality of metallic thin film electrodes and
a circuit unit are formed on a film-type piezoelectric element
in order to measure a biomedical signal, and thus the overall
configuration of the apparatus is very simple in the form ofa
film so as to be easily attached to the skin of a human body and
enhance usability convenience.

[0024] The film-type biomedical signal measuring appara-
tus according to the present invention may simultaneously
measure a vibration signal as a well as an electrical signal of
ahumanbody using a plurality of metallic thin film electrodes
and a circuit unit that are formed on a piezoelectric element.
[0025] The film-type biomedical signal measuring appara-
tus according to the present invention may simultaneously
measure ECG and BCG from the simultaneously measured
electrical signal and vibration signal of the human body and
may extract biomedical information of various types of health
indexes such as a heart rate, a stress index, BCG, a blood
pressure, an amount of physical activity, a respiration rate,
and VO,max from the two different biomedical signals.
[0026] According to an apparatus and method for measur-
ing a blood pressure according to the present invention, the
apparatus may be configured in the form of a film so as to be
easily attached to the skin and may measure a blood pressure
using a film-type biomedical signal measuring apparatus for
simultaneously measuring an ECG signal and a BCG signal,
and thus a blood pressure may be continuously measured
without limits of places.

[0027] According to an apparatus and method for estimat-
ing cardiopulmonary fitness according to the present inven-
tion, the apparatus may be configured in the form of a film so
as to be easily attached to the skin and may estimate a car-
diopulmonary fitness index using a film-type biomedical sig-
nal measuring apparatus for simultaneously measuring an
BCG signal and a BCG signal. Accordingly, a system and
method for measuring cardiopulmonary fitness according to
the present invention may easily and simply estimate a car-
diopulmonary fitness index during a daily life using the film-
type biomedical signal measuring apparatus to be easily
attached to the skin, and thus personal physical health as well
as personal physical activity may be managed by continu-
ously measuring and managing a cardiopulmonary fitness
index, thereby highly helping personal health maintenance.
[0028] According to a system and method for estimating
cardiopulmonary fitness according to the present invention,
cardiopulmonary fitness is not necessarily measured through
intended sub-maximal exercise unlike a conventional mea-
suring apparatus, and thus cardiopulmonary fitness of
patients and elderly people as well as healthy people may also
be easily and safely measured.

[0029] A personal authentication apparatus and method
according to the present invention may determine whether a
user is authenticated using a film-type biomedical signal mea-
suring apparatus for simultaneously measuring an ECG sig-
nal and a BCG signal, and thus whether the user is authenti-
cated may be determined by multiply using the ECG and the
BCG, thereby enhancing the accuracy of personal authenti-
cation.

[0030] According to a personal authentication apparatus
and method according to the present invention, since whether
a user is authenticated may be determined using a film-type
biomedical signal measuring apparatus that is configured in
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the form of a film so as to be easily attached to the skin, the
personal authentication apparatus may continuously deter-
mine whether the user is authenticated in real time without
limits of places while being attached to the skin during a daily
life, and thus the personal authentication apparatus may be
used as a biomedical signal-based personal authentication
Sensor.

[0031] It will be appreciated by persons skilled in the art
that that the effects that could be achieved with the present
invention are not limited to what has been particularly
described hereinabove and other advantages of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0032] FIGS.1 and 2 are diagrams illustrating a measuring
apparatus according to an embodiment of the present inven-
tion, FIG. 1 is a schematic plan view illustrating an attach-
ment surface of a piezoelectric element, and FIG. 2 is a
schematic plan view of an opposite surface of the piezoelec-
tric element.

[0033] FIGS. 3 to 6 are diagrams illustrating a film-type
biomedical signal measuring apparatus according to another
embodiment of the present invention, FIG. 3 is a schematic
cross-sectional view of the measuring apparatus, FIG. 4 is a
schematic plan view illustrating an attachment surface of a
piezoelectric element, FIG. 5 1s a schematic plan view illus-
trating an opposite surface of the piezoelectric element, and
FIG. 6 is a schematic plan view illustrating a formation sur-
face of a substrate.

[0034] FIG. 7 is a schematic circuit diagram illustrating an
example of the first circuit according to an embodiment of the
present invention, and FIG. 8 a schematic circuit diagram
illustrating an example of the second circuit unit according to
an embodiment of the present invention.

[0035] FIGS. 9 and 10 are images of an example of a
measuring apparatus according to an embodiment of the
present invention, FIG. 9 is an image of a state in which an
attachment surface of a piezoelectric element is directed
upward, and FIG. 10 is an image of a state in which a forma-
tion surface of a substrate is directed upward when the mea-
suring apparatus further includes an opposite surface of a
piezoelectric element or a substrate.

[0036] FIG. 11 is a schematic diagram illustrating a con-
figuration of a blood pressure measuring apparatus according
to an embodiment of the present invention, FIG. 12 is a graph
showing a relation between an R-J time interval and a systolic
blood pressure, FIGS. 13 to 15 are graphs illustrating a rela-
tion between an R-J time interval and a SBP, which is differ-
ent for each respective user, FIG. 16 is a schematic diagram
illustrating a blood pressure measuring apparatus according
to an embodiment of the present invention, and FIG. 17 is a
schematic diagram illustrating a configuration of a blood
pressure measuring apparatus for measuring a BCG signal
using an acceleration sensor according to an embodiment of
the present invention.

[0037] FIG. 18 is a schematic diagram illustrating a car-
diopulmonary fitness estimating apparatus according to an
embodiment of the present invention, FIG. 19 is a graph
illustrating heart rate (HR (BPM), beat/min) and an amount of
physical activity that are calculated and stored every one
minute from continuously measured ECG signals and vibra-
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tion signals, FIG. 20 is a graph illustrating detection of a
linear regression equation by extracting only heart rate and
amount of physical activity data in a period in which a heart
rate increases, FIG. 21 is a schematic diagram illustrating a
configuration of a cardiopulmonary fitness measuring system
according to another embodiment of the present invention,
FIG. 22 is a schematic diagram illustrating a configuration of
a cardiopulmonary fitness estimating apparatus for measur-
ing a human body motion signal using only an acceleration
sensor without using a vibration signal of a piezoelectric
element, according to an embodiment of the present inven-
tion, and FIG. 23 is a schematic diagram illustrating a car-
diopulmonary fitness measuring system that uses a vibration
signal of a piezoelectric element and further includes an
acceleration sensor, according to an embodiment of the
present invention. and

[0038] FIG. 24 is a schematic diagram illustrating a con-
figuration of a personal authentication apparatus according to
an embodiment of the present invention, FIG. 25 is a graph
illustrating an example of ECG fiducial values detected from
an ECG signal, FIG. 26 is a graph illustrating an example of
BCG fiducial values detected from a BCG signal, FIG. 27 is
a schematic diagram illustrating a configuration of a personal
authentication apparatus 350 according to another embodi-
ment of the present invention, and FIG. 28 is a schematic
diagram illustrating a personal authentication apparatus for
measuring a BCG signal using an acceleration sensor, accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0039] As the invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
[0040] Thepresentinvention relates to a film-type biomedi-
cal signal measuring apparatus configured in a such a way that
aplurality of metallic thin film electrodes and a circuit unit are
formed on a film-type piezoelectric element so as to easily
attach the apparatus to the skin and an electrical signal as well
as an electrical signal of a human body is simultaneously
measured using the plurality of metallic thin film electrodes
and the circuit unit. Accordingly, the film-type biomedical
signal measuring apparatus according to the present invention
may simultaneously measures electrocardiogram (ECG) and
ballistocardiogram (BCG) from the simultaneously mea-
sured electrical signal and vibration signal of the human body
and extract biomedical information of various types of health
indexes such as a heart rate, a stress index, BCG, a blood
pressure, an amount of physical activity, a respiration rate,
and VO,max from the two different biomedical signals.
[0041] A film-type biomedical signal measuring apparatus
according to an embodiment of the present invention may
include a film-type piezoelectric element, at least two first
metallic thin film electrodes formed on one surface (which is
a surface attached to the skin for measuring a biomedical
signal, and hereinafter, referred to as an ‘attachment surface’)
of the film-type piezoelectric element so as not to be electri-
cally connected to each other, a second metallic thin film
electrode formed on another surface (which is an opposite
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surface of the surface attached to the skin for measuring the
biomedical signal, and hereinafter, referred to as an “opposite
surface’) of the film-type piezoelectric element, a first circuit
unit, and a second circuit unit.

[0042] The piezoelectric element is a component that is
formed of a piezoelectric material with a piezoelectric effect
whereby electrical polarization is caused on an external sur-
face of a crystal when a force is applied to solid. In this regard,
when the piezoelectric element is inserted between metallic
plates, sound, vibration, pressure, and so on may be detected.
For example, when a pressure is applied to the piezoelectric
element, electricity is generated in the piezoelectric element.
In this case, a pressure applied to the piezoelectric element
may be measured by measuring change in electricity quantity,
which occurs when pressure is applied to the piezoelectric
element. The piezoelectric material uses a principle whereby
a potential difference (voltage) is generated when pressure is
applied to the material and may be, for example, quartz,
Rochelle slat, barium titanate (BaTiO), or artificial ceramic
(PZT).

[0043] The present invention uses a piezoelectric element
so as to measure pressure, vibration, and so on, which are
detected from the skin of a human body, as well as an elec-
trical signal of the human body, and in particular, uses a
film-type thin piezoelectric element and forms a metallic thin
film electrode on an attachment surface of the film-type
piezoelectric element so as to easily attach the apparatus to
the skin during measurement of the biomedical signal.
[0044] According to the present invention, a plurality of,
that is, at least two independent first metallic thin film elec-
trodes that are not electrically connected to each other may be
formed on an attachment surface of a piezoelectric element so
as to measure pressure, vibration, and so on detected from the
skin of a human body and to also measure an electrical signal
of the human body. Here, at least two first metallic thin film
electrodes are formed on the attachment surface of the piezo-
electric element because a potential difference between at
least two electrodes needs to be measured in order to measure
the electrical signal of the human body. In addition, three or
more first metallic thin film electrodes may be formed on the
attachment surface of the piezoelectric element in order to
more precisely measure a biomedical signal such as electro-
cardiogram (ECG). For ECG measurement, a minimum of
two electrodes need to be used in order to measure a potential
difference at a minimum of two points of the human body in
order to measure an electrical signal of a beating heart, and a
minimum of 10 electrodes may be used in order to more
precisely measure ECG. Accordingly, the film-type biomedi-
cal signal measuring apparatus according to the present
invention may be configured in such a way that at least two
first metallic thin film electrodes are formed on the attach-
ment surface of the piezoelectric element ! attachment sur-
face, and the present invention is not limited to the number of
the first metallic thin film electrodes.

[0045] According to the present invention, a second metal-
lic thin film electrode may be formed on an opposite surface
of the piezoelectric element <! opposite surface so as to mea-
sure pressure, vibration, and so on of a human body as well as
an electrical signal of the human body. In general, in order to
measure pressure, vibration, and so on, the piezoelectric ele-
ment needs to be position between metallic plates and change
in electricity quantity that occurs when a pressure is applied to
the piezoelectric element needs to be measured, and thus
according to the present invention, the second metallic thin
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film electrode may be formed on the opposite surface of the
piezoelectric element © opposite surface. Here, electrodes
between which piezoelectric elements are positioned in order
to measure pressure, vibration, and so on and that face the
second metallic thin film electrode may use at least one of at
least two first metallic thin film electrodes formed on the
attachment surface of the piezoelectric element.

[0046] That is, in the film-type biomedical signal measur-
ing apparatus according to the present invention, a first metal-
lic thin film electrode for measuring an electrical signal and a
first metallic thin film electrode for measuring pressure,
vibration, and so on may be formed on the attachment surface
ofthe piezoelectric element. In this case, the first metallic thin
film electrode for measuring pressure, vibration, and so on
may also be used as a first metallic thin film electrode for
measuring the electrical signal. However, the present inven-
tion is not limited thereto. Thus, the first metallic thin film
electrode for measuring pressure and so on may be formed
separately from the first metallic thin film electrode for mea-
suring the electrical signal, and in this case, at least three first
metallic thin film electrodes need to be formed on the attach-
ment surface of the piezoelectric element.

[0047] According to the present invention, a first circuit
unit and second circuit unit, for measuring a biomedical
evoked potential and vibration signal of a human body from
the first metallic thin film electrode and the second metallic
thin film electrode formed on the attachment surface of the
piezoelectric element, may be formed on the opposite surface
of the piezoelectric element. That is, the first circuit unit may
measure a biomedical evoked potential of the human body
and the second circuit unit may measure a biomedical evoked
vibration signal of the human body.

[0048] The first circuit unit may be formed on the opposite
surface of the piezoelectric element so as to be electrically
connected to at least one two of the first metallic thin film
electrodes so as to measure a potential difference between the
at least two first metallic thin film electrodes. In addition,
when the first circuit unit is configured to measure a potential
difference between the at least two of the first metallic thin
film electrodes formed on the attachment surface of the piezo-
electric element, a biomedical evoked potential of a human
body may be measured from the potential difference so as to
measure a biomedical signal such as ECG

[0049] The second circuit unit may be formed on the oppo-
site surface of the piezoelectric element so as to be electrically
connected to at least one of the first metallic thin film elec-
trodes and the second metallic thin film electrode and may be
configured to measure quantity of charge of the piezoelectric
element from the at least one first metallic thin film electrode
and the second metallic thin film electrode. In addition, when
the second circuit unit is configured to measure quantity of
charge of the piezoelectric element 9 quantity of charge,
change in electricity quantity, which occurs when pressure is
applied to the piezoelectric element due to pressure, vibra-
tion, and so on of the human body, may be measured, and
accordingly, a biomedical evoked vibration signal of the
human body may be measured so as to measure a biomedical
signal such as BCG, amount of physical activity, and so on.
Here, the first metallic thin film electrode that is electrically
connected to the second circuit unit may be a reference elec-
trode for measurement of quantity of charge of the piezoelec-
tric element along with the second metallic thin film elec-
trode, and in this case, the first metallic thin film electrode as
areference electrode may use all, some, or one of first metal-
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lic thin film electrodes formed on the attachment surface of
the piezoelectric element, and accordingly, the number of the
first metallic thin film electrodes that are electrically con-
nected to the second circuit unit may be changed, but the
present invention is not limited thereto.

[0050] The at least two first metallic thin film electrodes
and the first circuit unit may be electrically connected by a
conductive material filled in a through hole formed in the
piezoelectric element. Then the first metallic thin film elec-
trode and the first circuit unit that are respectively formed on
the attachment surface and the opposite surface across the
piezoelectric element may be easily electrically connected to
each other. Here, the conductive material filled in the through
hole may be any material through which electricity passes,
such as conductive epoxy, metallic rivet, and soldering, but in
particular, the conductive material may be conductive epoxy
in consideration of the fact that the material is filled in the
through hole formed in the film-type piezoelectric element.

[0051] The at least one of the first metallic thin film elec-
trodes and the second circuit unit may be electrically con-
nected to each other by a conductive material filled in the
through hole formed in the piezoelectric element, and the
second metallic thin film electrode and the second circuit unit
may be electrically connected to each other by a metallic thin
film formed on an opposite surface of the piezoelectric ele-
ment. Then, the first metallic thin film electrode and the
second circuit unit that are respectively formed on the attach-
ment surface and the opposite surface across the piezoelectric
element may be easily electrically connected to each other by
the conductive material filled in the through hole, and the
second metallic thin film electrode and the second circuit unit
formed on the same surface that is the opposite surface of the
piezoelectric element may be easily electrically connected to
each other by a metallic thin film formed on the opposite
surface of the piezoelectric element. Here, the metallic thin
film for electrical connection between the second metallic
thin film electrode and the second circuit unit may be formed
together when a metallic thin film pattern for configuring the
first circuit unit and the second circuit unit may be formed,
and the first metallic thin film electrode and the second circuit
unit may be electrically connected through the conductive
material filled in the through hole, and alternatively the sec-
ond circuit unit may be electrically connected to the first
metallic thin film electrode through a through hole by con-
necting the second circuit unit to the first circuit unit that is
electrically pre-connected to the first metallic thin film elec-
trode by the metallic thin film.

[0052] The first circuit unit may include an operational
amplifier (op-amp) disposed between any one of the first
metallic thin film electrodes and another one of the first metal-
lic thin film electrodes so as to measure a potential difference
between the two first metallic thin film electrodes that are
electrically connected to each other.

[0053] The first circuit unit may be configured to simply
measure a potential difference between the two first metallic
thin film electrodes, and alternatively, when three or more
first metallic thin film electrodes are formed on the attach-
ment surface of the piezoelectric element, the first circuit unit
may be configured to selectively measure a potential differ-
ence between two of the three or more first metallic thin film
electrodes. Accordingly, an electrical signal of the human
body may be more precisely measured so as to more precisely
measure a biomedical signal such as ECG
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[0054] A film-type biomedical signal measuring apparatus
according to an embodiment of the present invention includes
a film-type piezoelectric element with one surface (hereinaf-
ter, referred to as an ‘attachment surface’) on which at least
two first metallic thin film electrodes formed so as not to be
electrically connected to each other and the other surface
(hereinafter, referred to as an ‘opposite surface”) on which a
second metallic thin film electrode is formed, and a film-type
substrate with any surface (which is an adhesion surface
adhered to the piezoelectric element, and hereinafter, referred
to as an ‘adhesion surface’) that is adhered to the opposite
surface of the piezoelectric element, and a first circuit unit
thatis electrically connected to at least two of the first metallic
thin film electrodes and measures a potential difference
between the at least two first metallic thin film electrodes, a
third metallic thin film electrode electrically connected to any
one of the first metallic thin film electrodes, and a second
circuit unit that is electrically connected to the second metal-
lic thin film electrode and the third metallic thin film electrode
so as to measure quantity of charge of the piezoelectric ele-
ment from the first metallic thin film electrode, the third
metallic thin film electrode, and the second metallic thin film
electrode may be formed on another surface (which is an
opposite surface of the adhesion surface, and hereinafter,
referred to as a ‘formation surface’) ofthe film-type substrate.

[0055] That is, compared to the measuring apparatus
according to the above embodiment in which the first metallic
thin film electrode, the second metallic thin film electrode, the
first circuit unit, and the second circuit unit are formed on the
attachment surface and the opposite surface of one piezoelec-
tric element, the film-type biomedical signal measuring appa-
ratus according to the present embodiment may further
include a separate film-type flexible substrate attached to the
opposite surface of the piezoelectric element, and the first
metallic thin film electrode and the second metallic thin film
electrode may be formed on the attachment surface and the
opposite surface of the piezoelectric element, the remaining
first circuit unit and second circuit unit may be formed on a
formation surface of the substrate, and a third metallic thin
film electrode electrically connected to at least one of first
metallic thin film electrodes may be further formed on the
formation surface of the substrate.

[0056] According to the above measuring apparatus
according to the present embodiment, since one of two elec-
trodes as reference electrodes for measuring quantity of
charge of the piezoelectric element may be at least one first
metallic thin film electrode formed on the attachment surface
of the piezoelectric element that is electrically connected to
the third metallic thin film electrode and the third metallic thin
film electrode that are formed on the formation surface of the
substrate, and the other may be the second metallic thin film
electrode formed on the opposite surface of the piezoelectric
element, the second metallic thin film electrode as one of the
reference electrodes are surrounded between the first metallic
thin film electrode and third metallic thin film electrode as the
other one of the reference electrodes, and for example, a
sandwich-type shield structure may be achieved to accord-
ingly remove noise piezoelectric element so as to more pre-
cisely measure the quantity of charge, and thus change in
quantity of charge of the piezoelectric element may be more
sensitively measured according to pressure, vibration, and so
on of the human body.

[0057] Inthe measuring apparatus according to the present
embodiment, the piezoelectric element and the substrate may
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be adhered by adhesives or double-sided adhesive tapes, and
another separate member may be interposed between the
piezoelectric element and the substrate in order to insulate
therebetween and maintain robustness, but the present inven-
tion is not limited thereto.

[0058] The at least two first metallic thin film electrodes
and the first circuit unit may be electrically connected by a
conductive material filled in a through hole formed on the
piezoelectric element and the substrate, the at least one first
metallic thin film electrode and the third metallic thin film
electrode may be electrically connected to each other through
a conductive material filled in a through hole formed on the
piezoelectric element and the substrate, the second metallic
thin film electrode and the second circuit unit may be electri-
cally connected to each other through a conductive material
filled in a through hole formed on the substrate, and the third
metallic thin film electrode and the second circuit unit may be
electrically connected to each other by a metallic thin film
formed on the other surface of the substrate.

[0059] Inaddition, the first circuit unit may be configured to
selectively measure a potential difference between the two
first metallic thin film electrodes among the at least two first
metallic thin film electrodes, as described above. The detailed
description in the aforementioned embodiments is applied to
a detailed description of the other components of the present
embodiment.

[0060] A film-type biomedical signal measuring apparatus
according to another embodiment of the present invention
may include a film-type piezoelectric element with one sur-
face (hereinafter, referred to as an ‘attachment surface’) on
which at least three metallic thin film electrodes are formed
and another surface (hereinafter, referred to as an ‘opposite
surface’) on which a second metallic thin film electrode is
formed, and a film-type substrate with any surface (hereinaf-
ter, referred to as an ‘adhesion surface”) adhered to the oppo-
site surface of the piezoelectric element, and a first circuit unit
formed on an opposite surface (hereinafter, referred to as a
“formation surface”) of the adhesion surface so as to be elec-
trically connected to the remaining first metallic thin film
electrodes except for any one of first metallic thin film elec-
trodes so as to measure a potential difference between the
remaining first metallic thin film electrodes, a third metallic
thin film electrode formed on the formation surface so as to be
electrically connected to any one of first metallic thin film
electrodes, and a second circuit unit formed on the formation
surface so as to be electrically connected to the second metal-
lic thin film electrode and the third metallic thin film electrode
and configured to measure the quantity of charge of the piezo-
electric element from the any one first metallic thin film
electrode, the third metallic thin film electrode, and the sec-
ond metallic thin film electrode may be formed on the sub-
strate.

[0061] The first circuit unit may be electrically connected
to the third metallic thin film electrode and may be configured
to measure a potential difference between the remaining first
metallic thin film electrodes using the any one first metallic
thin film electrode as a reference electrode.

[0062] Inthe measuring apparatus according to the present
embodiment, at least three first metallic thin film electrodes
may be formed on the attachment surface of the piezoelectric
element, and the first circuit unit may measure a potential
difference between the remaining first metallic thin film elec-
trodes using any one of the at least three first metallic thin film
electrodes as a reference electrode to accordingly enable pre-
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cise measurement, and accordingly, an electrical signal of a
human body may be more precisely measured, thereby
enhancing the accuracy of ECG measurement.

[0063] The remaining first metallic thin film electrode and
the first circuit unit may be electrically connected to each
other through a conductive material filled in a through hole
formed in the piezoelectric element and the substrate, the any
one first metallic thin film electrode and the third metallic thin
film electrode may be electrically connected to each other
through a conductive material filled in a through hole formed
in the piezoelectric element and the substrate, the second
metallic thin film electrode and the second circuit unit may be
electrically connected to each other through a conductive
material filled in a through hole formed in the substrate, and
the third metallic thin film electrode and the first circuit unit,
and the third metallic thin film electrode and the second
circuit unit may be electrically connected to each other
through a metallic thin film formed on the other one surface of
the substrate.

[0064] Inaddition, the first circuit unit may be configured to
selectively measure a potential difference between two first
metallic thin film electrodes among the remaining first metal-
lic thin film electrodes, as described above. The detailed
description in the aforementioned embodiments is applied to
a detailed description of the other components of the present
embodiment.

[0065] Inthe measuring apparatus according to the present
embodiment, the first circuit unit and the second circuit unit
commonly uses one first metallic thin film electrode so as to
be accordingly simplified, and since the first metallic thin film
electrode to be used as a first circuit unit may be electrically
connected to the third metallic thin film electrode that is
electrically connected to the first metallic thin film electrode,
ametallic thin film for electrical connection between the first
circuit unit and the third metallic thin film electrode is formed
without a separate through hole during formation of a metal-
lic thin film pattern for formation of the first circuit unit and
the second circuit unit on the formation surface of the sub-
strate, thereby accordingly simplifying the configuration and
a manufacturing method.

[0066] The film-type biomedical signal measuring appara-
tus according to an embodiment of the present invention may
further include an adhesive member for easily attaching the
attachment surface of the piezoelectric element to the skin so
as to be included in the attachment surface of the piezoelectric
element or to surround the piezoelectric element or the sub-
strate. The adhesive member may be silicon, PDMS, or the
like.

[0067] The film-type biomedical signal measuring appara-
tus according to an embodiment of the present invention may
further include a storage unit for storing signals measured by
the first circuit unit and the second circuit unit and a trans-
mitter for transmitting the signal out of the measuring appa-
ratus. Here, the transmitter may be configured by wire, wire-
lessly, or wired/wireless.

[0068] The above film-type biomedical signal measuring
apparatus according to the present invention may be config-
ured in the form of a film to constitute a simple configuration
s0 as 1o be easily attached to the skin and enhance usability
convenience. The film-type biomedical signal measuring
apparatus according to the present invention may simulta-
neously measure an electrical signal, pressure, vibration, and
so on of a human body while being attached to the skin and
may extract biomedical information of various types of health
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indexes such as a heart rate, a stress index, BCG, a blood
pressure, an amount of physical activity, a respiration rate,
and VO, max from the two different biomedical signals. The
film-type biomedical signal measuring apparatus according
to the present invention may additionally calculate heart rate,
stress index, BCG, blood pressure, amount of physical activ-
ity, respiration rate, CPF, VO,max, and so on using a plurality
of biomedical signals while simply measuring the plurality of
biomedical signals, and thus various health indexes may be
easily managed.

[0069] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings. In the drawings, the thicknesses of
layers and regions are exaggerated for clarity, and thus the
present invention is not limited by the relative size or thick-
ness of the drawings.

[0070] FIGS.1 and 2 are diagrams illustrating a measuring
apparatus 10 according to an embodiment of the present
invention. FIG. 1 is a schematic plan view illustrating an
attachment surface of a piezoelectric element and FIG. 2 is a
schematic plan view of an opposite surface of the piezoelec-
tric element.

[0071] Referring to FIGS. 1 and 2, the measuring apparatus
10 according to an embodiment of the present invention may
include a film-type piezoelectric element 12, three first metal-
lic thin film electrodes 21, 23, and 25 formed on an attach-
ment surface of the piezoelectric element 12, a second metal-
lic thin film electrode 31 formed on the opposite surface of the
piezoelectric element 12, and a first circuit unit 32 and a
second circuit unit 33 which are formed on the opposite
surface of the piezoelectric element 12.

[0072] The first circuit unit 32 may be used to measure a
potential difference between the first metallic thin film elec-
trodes 21, 23, and 25 and may be electrically connected to the
first metallic thin film electrodes 21, 23, and 25 through a
conductive material 27 charged in through holes 22, 24, and
26 formed in the piezoelectric element 12.

[0073] The second circuit unit 33 may be used to measure
quantity of charge of the piezoelectric element 12 from any
one electrode 21 of the first metallic thin film electrodes 21,
23, and 25 and the second metallic thin film electrode 31 and
may be electrically connected to each of the electrode 21 and
the second metallic thin film electrode 31 through the through
hole 22 formed in the piezoelectric element 12 and a metallic
thin film 28 formed on the opposite surface of the piezoelec-
tric element 12.

[0074] The three first metallic thin film electrodes 21, 23,
and 25 may include a reference electrode 21 for setting ref-
erence potential during measurement of a potential difference
and potential difference measuring electrodes 23 and 25 for
measurement of a potential difference. In particular, the ref-
erence electrode 21 may be commonly used with the any one
electrode 21 as a reference electrode for measurement of the
quantity of charge of the piezoelectric element 12 by the
second circuit unit 33.

[0075] The second circuitunit 33 and the any one electrode
21 as the reference electrode 21 may be electrically connected
through a first through hole 22 formed in the piezoelectric
element 12 and the conductive material 27 charged in the first
through hole 22, and the first circuit unit 32 and each of the
potential difference measuring electrodes 23 and 25 may be
electrically connected through a second through hole 24 and
a third through hole 26 which are formed in the piezoelectric
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element 12 and the conductive material 27 charged in the first
and second through holes 24 and 26.

[0076] Although not illustrated in the drawing, the first
circuit unit 32 and the reference electrode 21 may be electri-
cally connected through a separate through hole and a con-
ductive material charged in the through hole or may be elec-
trically connected by circuit connecting the first circuit unit
32 to the second circuit unit 33 that is electrically connected
to the reference electrode 21.

[0077] A non-formation region 14 in which a metallic thin
film is not formed may be formed on the attachment surface of
the piezoelectric element 12 so as to prevent the first metallic
thin film electrodes 21, 23, and 25 from being electrically
connected. In addition, the through holes 22, 24, and 26 may
be formed in regions in which the first metallic thin film
electrodes 21,23, and 25 are formed, but the through holes 22,
24, and 26 may be formed to be spaced apart from the regions
for formation of the first metallic thin film electrodes 21, 23,
and 25 by a predetermine distance by extension regions 29, as
illustrated in the drawing.

[0078] As in the present embodiment, a film-type biomedi-
cal signal measuring apparatus 10 according to the present
invention may be configured to use only the reference elec-
trode 21 as a reference electrode for measuring quantity of
charge of the piezoelectric element 12, but according to
another embodiment of the present invention, a film-type
biomedical signal measuring apparatus may be configured to
use, as a reference electrode, all the first metallic thin film
electrodes 21, 23, and 25 formed on the attachment surface of
the piezoelectric element 12 in order to precisely measure
change in quantity of charge of the piezoelectric element 12.

[0079] FIGS. 3 to 6 are diagrams illustrating a film-type
biomedical signal measuring apparatus 40 according to
another embodiment of the present invention. FIG. 3 is a
schematic cross-sectional view of the measuring apparatus
40, FIG. 4 is a schematic plan view illustrating an attachment
surface of a piezoelectric element, FIG. 5 is a schematic plan
view illustrating an opposite surface of the piezoelectric ele-
ment, and FIG. 6 is a schematic plan view illustrating a
formation surface of a substrate.

[0080] With regard to the description of the measuring
apparatus 40 according to the present embodiment, for con-
venience of description, the reference numerals and detailed
description in the aforementioned embodiment may be
applied in the same way to the reference numerals and
detailed descriptions of the same components as those of the
measuring apparatus 10 according to the aforementioned
embodiment among components of the measuring apparatus
40.

[0081] Referring to FIGS. 3 to 6, the measuring apparatus
40 according to the present embodiment may include a piezo-
electric element 42, a film-type flexible substrate 50 adhered
to the opposite surface of the piezoelectric element 42, and an
adhesive member 43 for adhesion between the piezoelectric
element 12 and the substrate 50. The adhesive member 43
may be adhesives or double-sided adhesive tapes.

[0082] The three first metallic thin film electrodes 21, 23,
and 25 may be formed on the attachment surface of the
piezoelectric element 42, the second metallic thin film elec-
trode 31 may be formed on the opposite surface of the piezo-
electric element 42, and a third metallic thin film electrode 34,
the first circuit unit 32, and the second circuit unit 33 may be
formed on the formation surface of the substrate 50 as an
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opposite surface of an adhesive surface of the substrate 50
adhered to the opposite surface of the piezoelectric element
42.

[0083] The three first metallic thin film electrodes 21, 23,
and 25 may include the reference electrode 21 for reference
potential setting during measurement of a potential difference
and the potential difference measuring electrodes 23 and 25
for measuring the potential difference, and the first circuit
unit 32 and each of the potential difference measuring elec-
trodes 23 and 25 may be electrically connected through the
second through hole 24 and the third through hole 26 which
are formed in the piezoelectric element 12 and the substrate
50, and the conductive material 27 filled in the second and
third through holes 24 and 26.

[0084] The third metallic thin film electrode 34 and the
reference electrode 21 may be electrically connected through
a fourth through hole 44 formed in the piezoelectric element
42 and the substrate 50 and the conductive material 27
charged in the fourth through hole 44, the third metallic thin
film electrode 34 and the second circuit unit 33 may be elec-
trically connected through a metallic thin film 45 formed on
the formation surface of the substrate 50, and the second
metallic thin film electrode 31 and the second circuit unit 33
may be electrically connected through a fifth through hole 46
formed in the substrate 50 and the conductive material 27
charged in the fifth through hole 46.

[0085] Although not illustrated in the drawing, the first
circuit unit 32 may be electrically connected directly to the
reference electrode 21 through a separate through hole and a
conductive material charged in the through hole, may be
electrically connected to the reference electrode 21 by elec-
trically connecting the first circuit unit 32 to the third metallic
thin film electrode 34 by a metallic thin film that is separately
formed on the formation surface of the substrate 50 like in the
case in which the second circuit unit 33 and the third metallic
thin film electrode 34 are electrically connected by the metal-
lic thin film 45, or may be electrically connected to the refer-
ence electrode 21 by circuit connecting the first circuit unit 32
to the second circuit unit 33 that is electrically connected to
the reference electrode 21 through the third metallic thin film
electrode 34.

[0086] As illustrated in FIG. 5, a non-formation region 47
in which a metallic thin film is not formed may be formed on
the opposite surface of the piezoelectric element 42 so as to
prevent the second, third, and fourth through holes 24, 26, and
44 from being electrically connected.

[0087] The measuring apparatus 40 with the aforemen-
tioned configuration according to the present embodiment is
configured in such a way that the second metallic thin film
electrode 31 as one of reference electrodes for measuring the
quantity of charge of the piezoelectric element 42 is disposed
between the third metallic thin film electrode 34 and the
reference electrode 21 constituting another reference elec-
trode, and accordingly noise may be removed so as to more
precisely measure the quantity of charge of the piezoelectric
element 42.

[0088] Although not illustrated, as described above, a film-
type biomedical signal measuring apparatus according to the
present invention may include an adhesive member formed of
silicon, PDMS, or the like, which facilitates skin attachment,
a storage unit for storing signals measured by a first circuit
unit and a second circuit unit, and a transmitter for transmit-
ting the signals out of the measuring apparatus.
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[0089] Theadhesive member may be configured to entirely
surround the measuring apparatus so as to function as a cover
for protection of the measuring apparatus while facilitating
skin attachment of the measuring apparatus.

[0090] FIGS. 7 and 8 are schematic diagrams illustrating
configurations of a first circuit unit and a second circuit umt
according to an embodiment of the present invention. FIG. 7
is a schematic circuit diagram illustrating an example of the
first circuit unit configured to measure an electrocardiogram
(ECG) signal from a measured potential difference and FIG.
8 s a schematic circuit diagram illustrating an example of the
second circuit unit configured to measure a ballistocardio-
gram (BCQG) signal from measured quantity of charge of a
piezoelectric element.

[0091] Referring to FIG. 7, the first circuit unit according to
an embodiment of the present invention may include two
potential difference measuring electrode units (a ), a pre-amp
circuit unit @ for extracting a potential difference of skin
surfaces from the two potential difference measuring elec-
trode units, a potential difference measuring circuit unit

for measuring a potential difference of the two potential dif-
ference measuring electrode units from potential of the two
skin surfaces, and a filter circuit unit for filtering the
measured potential difference and extracting only an ECG
signal.

[0092] Here, the pre-amp circuit unit @ is a circuit unit
required for signal acquisition when an electrode does not
contact directly a human body due to other materials (e.g,,
adhesive gel or clothes) between the electrode and the human
body like in the case in which the adhesive member entirely
surrounds the measuring apparatus.

[0093] Referring to FIG. 8, the second circuit unit accord-
ing to an embodiment of the present invention may include
two electrode units () for BCG measurement and a circuit
unit @ for changing quantity of charge charged in the BCG
measuring electrodes into a voltage signal and filter the volt-
age signal.

[0094] The first circuit unit and the second circuit unit may
be configured to measure change in potential of electrodes
connected to the measuring apparatus and to derive, store, and
transmit the measured potential change and configured
together with a power source (a battery).

[0095] Inthe measuring apparatus according to the present
invention, the signal measured by the second circuit unit
simultaneously contains respiration and body motion infor-
mation (all of which are signals generated according to vibra-
tion and movement of a body surface), and thus a frequency
band filter may be separately configured to divide the signal
measured by the second circuit unit so as to separate the
respiration information and the body motion information
from the BCG signal.

[0096] In addition, the measuring apparatus according to
the present invention may be configured to store the measured
ECG, BCG respiration, and human body motion signals in a
main processor (MCU) through an ADC and to derive a
secondary health index using these information items, to store
the measured biomedical signal in a separate storage space
such as a micro SD card and EEPROM, or store the biomedi-
cal signal in another processing apparatus such as a smart
phone, a smart pad, and a computer using wireless commu-
nication such as WiFi, Bluetooh, ZigBee, and RF.

[0097] FIGS. 9 and 10 are images of an example of a
measuring apparatus according to an embodiment of the
present invention. FIG. 9 is an image of a state in which an
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attachment surface of a piezoelectric element 10 is directed
upward, and FIG. 10 is an image of a state in which a forma-
tion surface of a substrate is directed upward when the mea-
suring apparatus further includes an opposite surface of a
piezoelectric element or a substrate.

[0098] As described above, the measuring apparatus
according to the present invention may further include a sepa-
rate film type substrate along with a film type piezoelectric
element 10. In reality, in the both two cases, the measuring
apparatus are configured in the form of a thin film, and thus 1t
is difficult to distinguish the cases with the unaided eye, and
as illustrated in FIGS. 9 and 10, in the both two cases, the
measuring apparatus according to the present invention is
configured in the form of a thin film, and thus it is easy to
attach the measuring apparatus onto the skin and a configu-
ration of the measuring apparatus may be very simplified.
[0099] Hereinafter, an example of use of a film-type bio-
medical signal measuring apparatus according to the present
invention will be described.

[0100] First, a measuring apparatus is attached onto a chest
skin surface using an adhesive member.

[0101] Then a user lives a daily life while attaching the
measuring apparatus for one day and records ECG, BCG, and
human body motion materials during the day.

[0102] In this case, while the measuring apparatus is
attached to the skin and biomedical signal data is measured,
the biomedical signal data may wirelessly transmitted to a
smart phone, a smart pad, a computer, or the like or may be
stored in a storage device in the apparatus, or the transmitting
and the storing may be simultaneously performed.

[0103] When the biomedical signal data is externally and
directly transmitted to a device, the device may process a
signal and calculate a target health index, and when the bio-
medical signal is stored in the storage device, data is mea-
sured during about one day, the measuring apparatus is
detached from the chest and put on a separate docking system,
and then all continuously measured data items may be simul-
taneously transmitted to a smart phone, a smart pad, a com-
puter, or the like.

[0104] In order to extract stored data, the docking system
may be configured to transmit the data using near field com-
munication (NFC) or a wireless data transfer protocol (Blue-
tooth, ZigBee, WiFi, etc.), configured to transmit the data
through a contact terminal formed outside the docking system
for data transfer, or configured to charge the measuring appa-
ratus.

[0105] Then when all the data items measured during one
day are extracted and the measuring apparatus is completely
charged, the adhesive member is replaced with new one for
next day use and data is re-measured.

[0106] The film-type biomedical signal measuring appara-
tus according to the present invention may be configured to
simultaneously and simply measure a plurality of biomedical
signals such as electrical signals and vibration signals of the
human body and to additionally perform signal processing for
derivation of health indexes such as a heart rate, a stress index,
BCG, blood pressure, the amount of physical activity, a res-
piration rate, and VO, max using the plurality of biomedical
signals.

[0107] For example, during the signal processing for deri-
vation of the health indexes, the heart rate may be derived by
analyzing an ECG signal, calculating a time interval between
R peaks, and then calculating a heart rate per minute. In
addition, the stress index may be derived by FFT processing
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aheart rate to acquire data in a frequency domain, calculating
a heart rate ratio between a high frequency region and a high
frequency region in the frequency domain.

[0108] In addition, the signal measured by the second cir-
cuit unit according to the present invention contains all of
BCG, respiration, and human body motion information, the
BCG signal may be detected from the information by passing
the signal measured by the second circuit unit through a
band-pass filter of about 0.2 to 10 Hz in order to extract only
the BCG signal, the respiration rate may be detected from the
signal measured by the second circuit unit through a band-
pass filter of about 0.2 to 2 Hz, and the human body motion
may be detected through a band-pass filter of about 1 to 30 Hz.
[0109] Theblood pressure may be estimated by analyzing a
time difference between ECG and BCG signals. For example,
since an R-peak signal may be generated from the ECG when
the heart begins to bit due to electric stimulus and a J peak as
a highest peak is generated from the BCG when the heart
squirts blood thereafter, a time difference between generation
of the R peak from the ECG and generation of the ] peak from
the BCG may have a direct relation with a systolic blood
pressure, and thus a blood pressure may be estimated accord-
ing to a formula about the formula.

[0110] In addition, although the maximal oxygen uptake
(VO,max) is a representative index indicating a cardiovascu-
lar health degree and is important in that VO,max has an
intimate relation with a death rate, since it is cumbersome to
measure VO,max, VO,max has not been generally and
widely used. However, VO,max may be measured using the
measuring apparatus according to the present invention by
analyzing an enhancing degree of a heart rate in the case ofa
specific amount of physical activity and by calculating
VO,max using human body motion and the heart rate.
[0111] The film-type biomedical signal measuring appara-
tus according to the present invention may also be configured
to determine whether a user is authenticated using a plurality
of biomedical signals while simultaneously and simply mea-
suring the biomedical signals such as electrical signals and
vibration signals of the human body.

[0112] Hereinafter, a blood pressure measuring apparatus
for measuring a blood pressure using the aforementioned
film-type biomedical signal measuring apparatus will be
described in detail with regard to an embodiment of the
present invention with reference to the drawing.

[0113] FIG. 11 is a schematic diagram illustrating a con-
figuration of a blood pressure measuring apparatus 100
according to an embodiment of the present invention.
[0114] The blood pressure measuring apparatus 100
according to the present invention may measure a blood pres-
sure using the aforementioned film-type biomedical signal
measuring apparatuses 10 and 40 and each of the film-type
biomedical signal measuring apparatuses 10 and 40 may
include a film-type piezoelectric element 12, a plurality of
metallic thin film electrodes 21, 23, 25, and 31 formed on the
piezoelectric element 12, and the first circuit unit 32 and the
second circuit unit 33, which measure an ECG signal and a
BCG signal from at least two of the plurality of metallic thin
film electrodes 21, 23, 25, and 31, respectively. That is, the
film-type biomedical signal measuring apparatuses 10 and 40
used in the blood pressure measuring apparatus 100 accord-
ing to the present invention may be configured in such a way
that the first circuit unit 32 measures the ECG signal and the
second circuit unit 33 measures the BCG signal. The detailed
description of the aforementioned embodiments may be
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applied in the same way to the detailed description of the
film-type biomedical signal measuring apparatuses 10 and
40, and thus the detailed description of the film-type biomedi-
cal signal measuring apparatuses 10 and 40 will be omitted
here.

[0115] Referring to FIG. 11, the film-type blood pressure
apparatus 100 according to the present invention may include
the film-type biomedical signal measuring apparatuses 10
and 40, and a blood pressure calculator 110 for deriving a
blood pressure using the ECG signal and BCG signal mea-
sured by the film-type biomedical signal measuring appara-
tuses 10 and 40.

[0116] The blood pressure calculator 110 may measure a
blood pressure using a blood pressure estimation regression
equation for each user and an R-J time interval between an
R-peak value of the ECG signal and a J-peak value of the
BCG signal measured by the film-type biomedical signal
measuring apparatuses 10 and 40.

[0117] The blood pressure calculator 110 may include a
detector 112 for detecting an R-peak value from the ECG
signal measured by the first circuit unit 32, detecting a J-peak
value from the BCG signal measured by the second circuit
unit 33, and detecting an R-J time interval between the R-peak
value and the J-peak value, and a blood pressure calculator
114 for deriving a blood pressure using the R-J time interval
detected by the detector 112.

[0118] FIG.12is agraphshowing arelation between an R-J
time interval and a systolic blood pressure (SBP).

[0119] As seen from FIG. 12, a time interval between an
R-peak value as a peak value in one period of an ECG signal
and a J-peak value as a peak value in one period of a BCG
signal, that is, the R-J time interval has a relation with the
SBP, and thus when the R-J time interval and the SBP are
regressed, a blood pressure estimation regression equation
may be derived. In addition, a blood pressure may be calcu-
lated by inserting the calculated blood pressure estimation
regression equation into the R-J time interval value. That is,
the blood pressure may be measured by deriving only the R-J
time interval from the ECG signal and the BCG signal using
the blood pressure estimation regression equation.

[0120] The relation between the R-J time interval and the
SBP may be different for each respective user, and thus the
blood pressure estimation regression equation may also be
different for each respective user.

[0121] FIGS. 13 to 15 are graphs illustrating a relation
between an R-J time interval and a SBP, which is different for
each respective user, and as seen from FIGS. 13 to 15, the
relation between the R-J time interval and the SBP may be
different for each respective user. Accordingly, in order to
measure as accurate blood pressure as possible when a blood
pressure is measured using the R-J time interval and the blood
pressure estimation regression equation, the blood pressure
estimation regression equation for each respective user may
be used. For example, the blood pressure calculator 114 may
calculate a blood pressure using a pre-stored blood pressure
estimation regression equation for each user and the R-J time
interval, and in this regard, the pre-stored blood pressure
estimation regression equation for each user may be a blood
pressure estimation regression equation of a subject, which is
derived from an R-J time interval and SBP of the subject
pre-measured from another measuring apparatus.

[0122] The blood pressure measuring apparatus 100
according to the present invention may include at least one of
astorage unit 120 for storing the blood pressure calculated by

Feb. 25,2016

the blood pressure calculator 110 and a display unit 130 for
displaying the calculated blood pressure.

[0123] Since the blood pressure measuring apparatus 100
according to the present invention may measure a blood pres-
sure using the film-type biomedical signal measuring appa-
ratuses 10 and 40 and may be very thin in the form ofa film so
as to be easily attached to the skin, it is advantageous to
continuously measure the blood pressure without limits of
places, and thus when the blood pressure measuring appara-
tus 100 includes the storage unit 120 that stores the continu-
ously measured blood pressure, detailed biomedical informa-
tion of a subject may be derived from a blood pressure that is
measured continuously or with a time interval. In addition,
when the blood pressure measuring apparatus 100 according
to the present invention further includes the display unit 130,
the blood pressure that is measured continuously or with a
time interval may be checked whenever the blood pressure is
measured so as to provide blood pressure information to the
subject in real time. In addition, when the blood pressure
measuring apparatus 100 according to the present invention
does not include the display unit 130, the blood pressure
measuring apparatus 100 may further include a transmitter
(not shown) for transmitting blood pressure data stored in the
storage unit 120 to another device that is capable of display-
ing the data and may further include a power source unit (not
shown) for supplying power to the film-type biomedical sig-
nal measuring apparatuses 10 and 40.

[0124] FIG. 16 is a schematic diagram illustrating a blood
pressure measuring apparatus 150 according to an embodi-
ment of the present invention.

[0125] Referring to FIG. 16, the blood pressure measuring
apparatus 150 according to the present embodiment may be
configured in such a way that the film-type biomedical signal
measuring apparatuses 10 and 40 and the blood pressure
calculator 110 are separately provided. For example, the
blood pressure calculator 110 may not be installed in the
film-type biomedical signal measuring apparatuses 10 and 40
and may be installed in another device, for example, a sepa-
rate portable device or a portable smart phone that the subject
carries. Accordingly, it may be advantageous that the film-
type biomedical signal measuring apparatuses 10 and 40 does
not necessarily include the storage unit 120 for storing the
blood pressure calculated by the blood pressure calculator
110 and the display unit 130 for displaying the calculated
blood pressure.

[0126] The blood pressure measuring apparatus 100
according to the present invention may measure a blood pres-
sure using the film-type biomedical signal measuring appa-
ratuses 10 and 40 and may be very thin in the form ofa film so
as to be easily attached to the skin. As described above, when
the blood pressure calculator 110 is included in a separate
device other than the film-type biomedical signal measuring
apparatuses 10 and 40, the thickness of each of the film-type
biomedical signal measuring apparatuses 10 and 40 may
become thin so as to be easily attached to the skin.

[0127] Inthis case, the film-type biomedical signal measur-
ing apparatuses 10 and 40 may further include a transmitter
140 that transmits the ECG signal and the BCG signal which
are measured by the first circuit unit 32 and the second circuit
unit 33, respectively to the blood pressure calculator 110, and
the blood pressure calculator 110 may be configured to cal-
culate a blood pressure using the ECG signal and the BCG
signal transmitted from the transmitter 140. The transmitter
140 may be configured by wire, wirelessly, or wired/wireless.



US 2016/0051156 A1l

[0128] In the aforementioned embodiments, the BCG sig-
nal may be measured through the piezoelectric elements 12
and 42 according to the second circuit unit 33, but the present
invention is not limited thereto, and the blood pressure mea-
suring apparatus according to the present invention may be
configured to measure the BCG signal using an acceleration
sensor. In general, the BCG signal may be measured by posi-
tioning an acceleration sensor on a skin surface and measur-
ing a reaction of a human body according to action of blood.
[0129] FIG. 17 is a schematic diagram illustrating a con-
figuration of a blood pressure measuring apparatus 170 for
measuring a BCG signal using an acceleration sensor accord-
ing to an embodiment of the present invention.

[0130] Referring to FIG. 17, the blood pressure measuring
apparatus 170 according to the present embodiment may
include a biomedical signal measuring apparatus 180 includ-
ing a film-type substrate 181, at least two metallic thin film
electrodes 182 that are formed on an attachment surface of the
substrate 181 not to be electrically connected to each other, a
first circuit unit 183 that is formed on an opposite surface of
the substrate 181 so as to measure an ECG signal from the at
least two metallic thin film electrodes 182, and a BCG signal
measurer 184 for measuring the BCG signal using the accel-
eration sensor formed on the opposite surface of the substrate
181, and a blood pressure calculator 110 for calculating a
blood pressure using the ECG signal and the BCG signal that
are measured by the first circuit unit 183 and the BCG signal
measurer 184, respectively.

[0131] As described above, the blood pressure measuring
apparatus 170 according to the present embodiment is differ-
ent from the aforementioned embodiments except that the
BCG signal is measured using an acceleration sensor instead
of the piezoelectric elements 12 and 42, and thus the detailed
description in the aforementioned embodiments is applied to
a detailed description of the other components of the present
embodiment.

[0132] As described above, the blood pressure measuring
apparatus 170 according to the present embodiment may be
configured in such a way that an acceleration sensor is formed
on the opposite surface of the substrate 181 or a plurality of
acceleration sensors are disposed at a separate position from
the biomedical signal measuring apparatus 180, but the
present invention is not limited thereto.

[0133] Hereinafter, a method for measuring a blood pres-
sure using the film-type biomedical signal measuring appa-
ratuses 10,40, and 180 according to the present invention will
be described with regard to an embodiment of the present
invention.

[0134] As described above, when a blood pressure is mea-
sured using the film-type biomedical signal measuring appa-
ratuses 10, 40, and 180 according to the present invention, it
is easy to attach the film-type biomedical signal measuring
apparatuses 10, 40, and 180 to the skin in the form of a film
and an ECG signal and a BCG signal may be simultaneously
and continuously measured without limits of places, and thus
a blood pressure of a subject may be easily measured in real
time without limits of places. For example, when the film-
type biomedical signal measuring apparatuses 10, 40, and
180 according to the present invention is configured in such a
way that the first circuit unit 32 and the second circuit unit 33
measure an ECG signal and a BCG signal continuously or at
a time interval, respectively while being attached to the skin
of the subject, the detector 112 continuously derives an R-J
time interval from the ECG and the BCG signal that are
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measured continuously or at a time interval, and the blood
pressure calculator 114 calculates a blood pressure using the
derived R-J time interval and a blood pressure estimation
regression equation for each user, it may be possible to mea-
sure a blood pressure of a subject in real time continuously or
at a predetermined time interval without limits of places.
[0135] A method for measuring a blood pressure according
to an embodiment of the present invention may include deriv-
ing an R-peak value and a J-peak value from the simulta-
neously measured ECG signal and BCG signal, respectively,
deriving an R-J time interval of the derived R-peak value and
J-peak value, and calculating a blood pressure using the
derived R-J time interval and a pre-stored blood pressure
estimation linear regression equation for each user. Here, the
pre-stored blood pressure estimation linear regression equa-
tion for each user may be a blood pressure estimation regres-
sion equation of a subject, which is pre-derived and stored in
the blood pressure measuring apparatuses 100, 150, and 170.
[0136] Hereinafter, a cardiopulmonary fitness estimating
apparatus for estimating a cardiopulmonary fitness (CPF)
index using the aforementioned film-type biomedical signal
measuring apparatus will be described in detail with regard to
an embodiment of the present invention with reference to the
drawing.

[0137] FIG. 18 is a schematic diagram illustrating a car-
diopulmonary fitness estimating apparatus 200 according to
an embodiment of the present invention.

[0138] The cardiopulmonary fitness estimating apparatus
200 according to the present invention may measure cardiop-
ulmonary fitness using the aforementioned film-type bio-
medical signal measuring apparatuses 10 and 40 and may
include the film-type biomedical signal measuring appara-
tuses 10 and 40, and a cardiopulmonary fitness index estima-
tor 210 for estimating a cardiopulmonary fitness index using
the ECG signal and the vibration signal measured by the
measuring apparatuses 10 and 40. Accordingly, the cardiop-
ulmonary fitness estimating apparatus 200 according to the
present invention uses the film-type biomedical signal mea-
suring apparatuses 10 and 40 that may be easily attached to
the skin and may simultaneously and continuously measure
the ECG signal and the vibration signal and thus may very
simply measure cardiopulmonary fitness during a daily life.
[0139] The film-type biomedical signal measuring appara-
tuses 10 and 40 may include the film-type piezoelectric ele-
ments 12 and 42, a plurality of metallic thin film electrodes
21, 23, 25, 31, and 34 formed on the piezoelectric elements 12
and 42, and the first circuit unit 32 and the second circuit unit
33 which measure the ECG signal and the vibration signal
from at least two of the plurality of metallic thin film elec-
trodes 21, 23, 25, 31, and 34, respectively. That is, the film-
type biomedical signal measuring apparatuses 10 and 40 used
in the cardiopulmonary fitness estimating apparatus 200
according to the present invention may be configured in such
a way that the first circuit unit 32 measures the ECG signal
and the second circuit unit 33 measures the vibration signal.
The first circuit unit 32 may be an ECG signal processor and
may include an instrumentation amp unit and a filter unit, and
the biomedical signal the measuring apparatuses 10 and 40
may further include a capacitance preamplifier when being
attached to the skin using hydro gel. The second circuit umt
33 may be a vibration signal processor and may include a
current-voltage converter and a filter unit, the current-voltage
converter may convert current generated by the piezoelectric
element 12 into a voltage, and the filter unit may detect an
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appropriate human body motion signal band from the mea-
sured vibration signal. For example, the human body motion
signal may be detected by passing a signal measured by the
second circuit unit 33 through a band-pass filter of about 1 to
30 Hz. The detailed description of the aforementioned
embodiments may be applied in the same way to the detailed
description of the film-type biomedical signal measuring
apparatuses 10 and 40, and thus the detailed description of the
film-type biomedical signal measuring apparatuses 10 and 40
will be omitted here.

[0140] The cardiopulmonary fitness index estimator 210
may be configured to measure cardiopulmonary fitness using
the ECG signal and the vibration signal measured by the
film-type biomedical signal measuring apparatuses 10 and 40
and for example, may be configured to measure maximal
oxygen uptake (VO,max) indicating a reaction degree of a
human body when load is applied to the human body.
[0141] Indetail, the cardiopulmonary fitness index estima-
tor 210 may calculate a heart rate at each unit time from the
ECG signal that is continuously measured by the first circuit
unit 32 for a predetermined measurement time period (e.g.,
during a daily life), calculate a amount of physical activity at
each unit time from the vibration signal that is continuously
measured by the second circuit unit 33, extract the heart rate
and amount of physical activity data in a period in which the
heart rate increases from the calculated heart rate and amount
of physical activity data, detect a linear regression equation
between the heart rate and the amount of physical activity in
the period in which the heart rate increases using the extracted
heart rate and amount of physical activity data, calculate
maximum activity energy expenditure using the detected lin-
ear regression equation, and calculate maximal oxygen
uptake (VO,max) using the calculated maximum activity
energy expenditure and a pre-stored maximal oxygen uptake
estimation equation.

[0142] To this end, the cardiopulmonary fitness index esti-
mator 210 may include a first storage unit for storing an ECG
signal and a vibration signal that are continuously measured
by the first circuit unit 32 and the second circuit unit 33 during
ameasurement period, respectively, a heart rate calculator for
calculating a heart rate (beat/min) at each unit time (e.g.,
every 1 minute) from the ECG signal stored in the first storage
unit, an amount of physical activity calculator for calculating
an amount of physical activity (J/min) at each unit time (e.g.,
every 1 minute) from the vibration stored in the storage unit,
a second storage unit for storing the calculated heart rate and
amount of physical activity, an extractor for extracting heart
rate and amount of physical activity data in a period in which
the heart rate increases from the heart rate and amount of
physical activity data stored in the second storage unit, a
detector for detecting a linear regression equation between
the heart rate and the amount of physical activity in the period
in which the heart rate increases using the extracted heart rate
and amount of physical activity data, a maximum amount of
physical activity calculator for calculating maximum activity
energy expenditure using the detected linear regression equa-
tion, and a maximal oxygen uptake calculator for calculating
maximal oxygen uptake using the maximum activity energy
expenditure and a pre-stored maximal oxygen uptake estima-
tion regression equation.

[0143] Here, only the heart rate and amount of physical
activity data in the period in which the heart rate increases is
extracted to derive a linear regression equation because a
general method for measuring maximal oxygen uptake is
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performed by monitoring and analyzing a situation in which
ahuman body reacts (heart rate increases) in the human body
moves, and thus when only the period in which the heart rate
increases is extracted during a daily life, the same effect may
be expected as in the general method for measuring maximal
oxygen uptake.

[0144] FIG. 19is agraph illustrating heart rate (HR (BPM),
beat/min) and an amount of physical activity (activity energy
expenditure (aEE)(J/min)) that are calculated and stored
every one minute from continuously measured ECG signals
and vibration signals, and FIG. 20 is a graph illustrating
detection of a linear regression equation by extracting only
heart rate and amount of physical activity data in a period (a
shaded portion of FIG. 19) in which a heart rate increases.
[0145] As shown in FIGS. 19 and 20, when a regression
equation is detected by extracting only heart rate and amount
of physical activity data in a period in which a heart rate
increases from the heart rate and amount of physical activity
data calculated every one minute from continuously mea-
sured ECG signals and vibration signals, a linear regression
equation may be detected as shown in FIG. 2.

[0146] Inaddition, when a maximum heart rate (in general,
a maximum heart rate is (220-age)) according to age of a
subject is inserted into the detected linear regression equa-
tion, maximum activity energy expenditure of the subject
may be calculated, and the calculated maximum activity
energy expenditure is inserted into a preset maximal oxygen
uptake estimation regression equation (VO,max estimation
equation) obtained via clinical trial, the maximal oxygen
uptake (VO2max) of the subject may be measured.

[0147] Compared to measurement of maximal oxygen
uptake, the cardiopulmonary fitness index estimator 210 may
be configured to measure homeostasis for determining a
human body’s degree of returning to an original state after
load applied to a human body is removed. To this end, com-
pared to measurement of maximal oxygen uptake, the car-
diopulmonary fitness index estimator 210 may be configured
to extract the heart rate and amount of physical activity data in
a period in which the heart rate decreases from the calculated
heart rate and amount of physical activity data and to detect a
linear regression equation between a heart rate and an amount
of physical activity in a period in which the heart rate
decreases using the extracted heart rate and amount of physi-
cal activity data. Likewise, when the regression equation
between the heart rate and the amount of physical activity in
the period in which the heart rate decreases is detected,
homeostasis as a human body’s degree of returning to an
original state after load applied to a human body is removed
may be measured. Here, the homeostasis may be represented
by inclination of the linear regression equation, time taken to
return to an original state, or the like.

[0148] The cardiopulmonary fitness estimating apparatus
200 according to the present invention may further include a
display unit 230 for displaying the cardiopulmonary fitness
(e.g., maximal oxygen uptake) calculated by the cardiopul-
monary fitness index estimator 210, and a power supply unit
(not shown) for supplying power.

[0149] As described above, the cardiopulmonary fitness
estimating apparatus 200 according to the present invention is
asystem for estimating a cardiopulmonary fitness index using
the film-type biomedical signal measuring apparatuses 10
and 40 and may be very thin in the form of a film so as to be
easily attached to the skin, and thus the cardiopulmonary
fitness estimating apparatus 200 may continuously measure a
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ECG signal and a vibration signal without limits of places
while being attached to the skin, and when the ECG signal
and the vibration that are continuously measured while the
cardiopulmonary fitness estimating apparatus 200 is attached
to the skin are used, cardiopulmonary fitness such as maximal
oxygen uptake may be easily and simply measured during a
daily life. Accordingly, personal physical health as well as
personal physic al activity may be managed by continuous
measuring and managing cardiopulmonary fitness to highly
help personal health maintenance, and cardiopulmonary fit-
ness is not necessarily measured through intended sub-maxi-
mal exercise, and thus cardiopulmonary fitness of patients
and elderly people as well as healthy people may also be
easily and safely measured.

[0150] FIG. 21 is a schematic diagram illustrating a con-
figuration of a cardiopulmonary fitness measuring system
according to another embodiment of the present invention.
[0151] Referringto FIG. 21, a cardiopulmonary fitness esti-
mating apparatus 250 according to the present embodiment
may be configured in such a way that the film-type biomedical
signal measuring apparatuses 10 and 40 and the cardiopul-
monary fitness index estimator 210 are separately installed.
For example, the cardiopulmonary fitness index estimator
210 may be installed in another device, for example, a sepa-
rate portable device or a smart phone that a subject carries
rather than being installed in the film-type biomedical signal
measuring apparatuses 10 and 40.

[0152] The cardiopulmonary fitness estimating apparatus
according to the present invention may estimate cardiopul-
monary fitness using the film-type biomedical signal measur-
ing apparatuses 10 and 40 and may be very thin in the form of
a film so as to be easily attached to the skin. As described
above, when the cardiopulmonary fitness index estimator 210
is installed in a separate device other than the film-type bio-
medical signal measuring apparatuses 10 and 40, the film-
type biomedical signal measuring apparatuses 10 and 40 may
be further thinned accordingly so as to be more easily
attached onto the skin.

[0153] Inthiscase, the film-type biomedical signal measur-
ing apparatuses 10 and 40 may further include a transmitter
240 for transmitting the ECG signal and the vibration signal
that are measured by the first circuit unit 32 and the second
circuit unit 33, respectively to the cardiopulmonary fitness
index estimator 210, and the cardiopulmonary fitness index
estimator 210 may be configured to measure cardiopulmo-
nary fitness using the ECG signal and the vibration signal
transmitted from the transmitter 240. The transmitter 240
may be configured by wire, wirelessly, or wired/wireless.
[0154] In the aforementioned embodiments, the human
body motion signal for estimation of the amount of physical
activity is measured by measuring the vibration signal of the
piezoelectric elements 12 and 42 according to the second
circuit unit 33, but the present invention is not limited thereto,
and the cardiopulmonary fitness estimating apparatus accord-
ing to the present invention may be configured to measure a
human body motion signal using an acceleration sensor or
may further include an acceleration sensor, which will be
described in detail with reference to the drawing.

[0155] FIG. 22 is a schematic diagram illustrating a con-
figuration of a cardiopulmonary fitness estimating apparatus
for measuring a human body motion signal using only an
acceleration sensor without using a vibration signal of a
piezoelectric element, according to an embodiment of the
present invention.
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[0156] Referring to FIG. 22, a cardiopulmonary fitness esti-
mating apparatus 270 according to the present embodiment
may include a biomedical signal measuring apparatus 280
including a film-type substrate 281, at least two metallic thin
film electrodes 282 that are formed on an attachment surface
of the substrate 281 not to be electrically connected to each
other, a first circuit unit 283 that is formed on an opposite
surface of the substrate 281 so as to measure an ECG signal
from the at least two metallic thin film electrodes 282, and an
acceleration sensor 284 formed on the opposite surface of the
substrate 281, and the cardiopulmonary fitness index estima-
tor 210 for calculating a heart rate from the ECG signal
measured by the first circuit unit 283, calculating an amount
of physical activity from the human body motion signal mea-
sured by the acceleration sensor 284, and measuring cardiop-
ulmonary fitness using the calculated heart rate and amount of
physical activity.

[0157] As described above, the cardiopulmonary fitness
estimating apparatus 270 according to the present embodi-
ment is different from the aforementioned embodiment in
that a human body motion signal is measured by the accel-
eration sensor 284 instead of use of the vibration signal of the
piezoelectric elements 12 and 42, and thus the detailed
description of the aforementioned embodiments is applied in
the same way to other components of the present embodi-
ment.

[0158] As described above, the cardiopulmonary fitness
estimating apparatus 270 according to the present embodi-
ment may be configured in such a way that the acceleration
sensor 284 may be formed on the opposite surface of the
substrate 281 or configured in such a way that a plurality of
acceleration sensors may be formed at a separate position
from the biomedical signal measuring apparatus 280, but the
present invention is not limited thereto.

[0159] FIG. 23 is a schematic diagram illustrating a car-
diopulmonary fitness measuring system that uses a vibration
signal of a piezoelectric element and further includes an
acceleration sensor, according to an embodiment of the
present invention.

[0160] Referringto FIG. 23, a cardiopulmonary fitness esti-
mating apparatus 290 according to the present embodiment
may further include an acceleration sensor 284 for measuring
a human body motion signal in addition to the biomedical
signal the measuring apparatuses 10 and 40. The acceleration
sensor 284 may be installed directly in biomedical signal the
measuring apparatuses 10 and 40 or a plurality of acceleration
sensors may be installed in a specific part such as an arm and
a leg separately from the biomedical signal the measuring
apparatuses 10 and 40. In this case, the cardiopulmonary
fitness index estimator 210 may multiply use the human body
motion signal measured by the acceleration sensor 284 along
with the vibration signal measured by the second circuit unit
33 to calculate an amount of physical activity.

[0161] Since the acceleration sensor 284 directly measures
acceleration according to human body motion, the accelera-
tion sensor 284 may easily measure the human body motion
signal, but when a subject is moved by external force such as
in an automobile and an elevator, an issue also occurs in that
movement according to the external force is measured as if
the subject moves. On the other hand, since the vibration
signal of the piezoelectric elements 12 and 42 is measured by
the second circuit unit 33 of the film-type biomedical signal
measuring apparatuses 10 and 40 while the film-type bio-
medical signal measuring apparatuses 10 and 40 is attached
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directly to the skin of the human body, there is no need to
worry about measuring movement according to external force
of the subject as movement according to motion of the sub-
jection. Accordingly, like in the present embodiment, when a
human body motion signal for calculation of the amount of
physical activity is multiply used together with the signal
measured by the acceleration sensor 284 and the vibration
signal measured by the second circuit unit 33, the above issue
may be prevented so as to measure an accurate human body
motion signal, thereby enhancing accuracy of estimation of
the amount of physical activity used to measure cardiopul-
monary fitness.

[0162] For example, the cardiopulmonary fitness index
estimator 210 may be configured to calculate the amount of
physical activity using both of the signals measured by the
second circuit unit 33 and the acceleration sensor 284 or
configured to calculate two amounts of physical activity from
the respective signals measured by the second circuit unit 33
and the acceleration sensor 284 and to calculate an average
value of the two calculated amount of physical activity as an
actual amount of physical activity. The cardiopulmonary fit-
ness index estimator 210 may calculate the amount of physi-
cal activity calculated from the signal measured by the accel-
eration sensor 284 as an actual amount of physical activity
and use the vibration single measured by the second circuit
unit 33 as data for determining whether the signal measured
by the acceleration sensor 284 is a signal that is actually
generated according to motion of the subject. For example,
the cardiopulmonary fitness index estimator 210 may be con-
figured to calculate the amount of physical activity calculated
using the signal measured by the acceleration sensor 284 as an
actual amount of physical activity when the amount of physi-
cal activity calculated using the signal measured by the accel-
eration sensor 284 is compared with the amount of physical
activity calculated using the signal measured by the second
circuit unit 33, if a difference between the two calculated
amounts of physical activity is within an error range and to
determine that the subject is moved by external force and
exclude the measured value or to calculate the amount of
physical activity calculated using the vibration signal mea-
sured by the second circuit unit 33 as an actual amount of
physical activity if the difference between the two calculated
amounts of physical activity is very large to be equal to or
greater than the error range, thereby preventing measurement
error of the acceleration sensor 284, which is generated due to
movement according to external force.

[0163] According to other embodiments of the present
invention, the cardiopulmonary fitness estimating appara-
tuses 200, 250, 270, and 290 may be configured in such a way
that the film-type biomedical signal measuring apparatuses
10, 40, and 280 directly calculate a heart rate and an amount
of physical activity. To this end, the first circuit unit 32 may be
configured to calculate a hear rate from the continuously
measured ECG signal at each unit time and the second circuit
unit 33 may be configured to calculate an amount of physical
activity from the continuously measured vibration signal at
each unit time. In this case, the cardiopulmonary fitness index
estimator 210 may estimate a cardiopulmonary fitness index
using the heart rate that is calculated by the first circuit unit 32
at each unit time and the amount of physical activity that is
calculated by the second circuit unit 33 at each unit time. The
heart rate may be calculated by circuit-configuring the first
circuit unit 32 to calculate the number of peak points (R
peaks) at each unit time from the continuously measured
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BCG signal and the amount of physical activity may be cal-
culated by circuit-configuring the second circuit unit 33 to
calculate the amount of physical activity from the continu-
ously measured vibration signal.

[0164] Hereinafter, a method for estimating cardiopulmo-
nary fitness using the film-type biomedical signal measuring
apparatuses 10 and 40 will be described in detail with regard
to an embodiment of the present invention.

[0165] As described above, since the film-type biomedical
signal measuring apparatuses 10,40, and 280 according to the
present invention may be easily attached to the skin in the
form of a film by estimating cardiopulmonary fitness, the
ECG signal and the human body motion signal may be con-
tinuously and simultaneously measured without limits of
places, and accordingly the cardiopulmonary fitness of the
subject may be easily estimated without limits of places dur-
ing a daily life.

[0166] First, in the method for estimating cardiopulmonary
fitness according to the present invention, a subject lives a
daily life while the film-type biomedical signal measuring
apparatuses 10 and 40 is attached onto the skin for a prede-
termined measurement period.

[0167] In this case, the ECG signal and the human body
motion signal are simultaneously and continuously measured
and stored during a daily life. Here, the human body motion
signal may be a vibration signal measured by the second
circuit unit 33, a signal measured by the acceleration sensor
284, or all signals measured by the second circuit unit 33 and
the acceleration sensor 284, but the present invention is not
limited thereto.

[0168] Then a heart rate (beat/min) is calculated from the
stored ECG signal and stored every one minute, and an
amount of physical activity (J/min) is calculated from the
stored human body motion signal and stored every one
minute. Here, the heart rate may be calculated by analyzing
the ECG signal and calculating a time interval between R
peaksto calculate a beat per minute or to calculate the number
of R peaks per minute. The amount of physical activity may
be calculated using the human body motion signal and a
weight of the subject.

[0169] Then only heart rate and amount of physical activity
data in a period in which the heart rate continuously increases
(e.g., the heart rate increases for minimum of 2 minutes) is
extracted from the heart rate and amount of physical activity
data that is calculated and stored for the measurement time.

[0170] Then alinear regression equation between the heart
rate and the amount of physical activity in a period in which
the heart rate increases is detected using the extracted heart
rate and amount of physical activity data.

[0171] Then estimated maximum activity energy expendi-
ture of the subject is calculated using a maximum heart rate
(which may be generally calculated according to Expression
(220-age)) based on an age for each user according to the
detected linear regression equation.

[0172] Then maximal oxygen uptake of the subject may be
calculated according to a relation equation (a maximal oxy-
gen uptake estimation regression equation) established from
prior research using the calculated maximum activity energy
expenditure and body size.

[0173] An example of the maximal oxygen uptake estima-
tion regression equation is as follows.

VO,max=0.103*aEEmax-31.952*height+92.532
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[0174] Here, VO,max is maximal oxygen uptake, aEEmax
is maximum activity energy expenditure, height is the height
of the subject, and coefficients and human size parameters in
the equation may be changed.

[0175] In the method for estimating cardiopulmonary fit-
ness according to the present invention, homeostasis for
determining a human body’s degree of returning to an origi-
nal state after load applied to a human body 1s removed may
also be measured by extracting only heart rate and amount of
physical activity data in a period in which the heart rate
increases from the heart rate and the amount of physical
activity that are stored for the measurement period and detect-
ing a linear regression equation between the extracted heart
rate and amount of physical activity. Here, the homeostasis
may be represented by inclination of the linear regression
equation, time taken to return to an original state, or the like.
[0176] Here, a personal authentication apparatus for deter-
mining whether a user is authenticated using the aforemen-
tioned film-type biomedical signal measuring apparatus will
be described in detail with regard to an embodiment of the
present invention with reference to the drawing.

[0177] FIG. 24 is a schematic diagram illustrating a con-
figuration of a personal authentication apparatus 300 accord-
ing to an embodiment of the present invention.

[0178] The personal authentication apparatus 300 accord-
ing to the present invention may determine whether a user is
authenticated using the aforementioned film-type biomedical
signal measuring apparatuses 10 and 40, and the film-type
biomedical signal measuring apparatuses 10 and 40 may
include a film-type piezoelectric element 12, the plurality of
metallic thin film electrodes 21, 23, 25, and 31 formed on the
piezoelectric element 12, and the first circuit unit 32 and the
second circuit unit 33 that measure an ECG signal and a BCG
signal from at least two of the plurality of metallic thin film
electrodes 21, 23, 25, and 31, respectively. That is, the film-
type biomedical signal measuring apparatuses 10 and 40 used
in the personal authentication apparatus 300 according to the
present invention may be configured in such a way that the
first circuit unit 32 measures the ECG signal and the second
circuit unit 33 measures the BCG signal. The detailed
description of the aforementioned embodiments may be
applied in the same way to the detailed description of the
film-type biomedical signal measuring apparatuses 10 and
40, and thus the detailed description of the film-type biomedi-
cal signal measuring apparatuses 10 and 40 will be omitted
here.

[0179] Referring to FIG. 24, the personal authentication
apparatus 300 according to an embodiment of the present
invention may include the film-type biomedical signal mea-
suring apparatuses 10 and 40, and a personal authentication
unit 310 for determining whether a user is authenticated using
the ECG signal and the BCG signal that are measured from
the film-type biomedical signal measuring apparatuses 10
and 40.

[0180] Thepersonal authentication unit 310 may determine
whether the user is authenticated by comparing an ECG fidu-
cial value and BCG fiducial value of an authentication target,
which are detected from the ECG signal and the BCG signal
measured from the film-type biomedical signal measuring
apparatuses 10 and 40, with a pre-stored ECG fiducial value
and BCG fiducial value of a registration target, respectively.
[0181] To this end, the personal authentication unit 310
may include a database (DB) 312 for storing the ECG fiducial
value and BCG fiducial value of the registration target, a
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detector for detecting an ECG fiducial value from the ECG
signal of the authentication target measured by the first circuit
unit 32 and detecting the BCG fiducial value from the BCG
signal of the authentication target measured by the second
circuit unit 33, and an authentication processor 315 for com-
paring the ECG fiducial value and BCG fiducial value of the
authentication target detected by the detector 314 with the
ECG fiducial value and BCG fiducial value of the registration
target stored in the DB 312, respectively to determine whether
the user is authenticated.

[0182] Likewise, since the personal authentication appara-
tus 300 according to the present invention determine whether
the user is authenticated by multiply using the ECG signal and
the BCG signal, the accuracy of personal authentication may
be enhanced accordingly.

[0183] Here, determination of whether a user is authenti-
cated may be interpreted as determining whether the authen-
tication target corresponds to the registration target, and the
ECG fiducial value and the BCG fiducial value may refer to
reference values for determination of whether the user is
authenticated.

[0184] FIG. 25 is a graph illustrating an example of ECG
fiducial values detected from an ECG signal, and FIG. 26 is a
graph illustrating an example of BCG fiducial values detected
from a BCG signal.

[0185] As seen from FIG. 25, it is well known that a plu-
rality of fiducial points L', P, P', Q, R, S, §', T, T", etc. are
present in an ECG signal waveform and that personal authen-
tication is performed through a specific combination of a
relative interval or a magnitude ratio between the plurality of
fiducial points, a frequency component, and so on.

[0186] Accordingly, like values represented by a plurality
of numbers of FIG. 25, an ECG fiducial value as a reference
value for determination of personal authentication may
include any one or a combination of two selected from the
group consisting of a relative interval or magnitude ratio, or
the like between a plurality of fiducial values.

[0187] AsshowninFIG. 26,a plurality of fiducial points H,
11K, L, M, N, O, etc. are present in the BCG signal wave-
form like in the ECG signal waveform, and accordingly a
BCG fiducial value as a reference for determination of per-
sonal authentication may include any one or a combination of
two selected from the group consisting of a relative interval or
magnitude ratio, or the like between a plurality of fiducial
values, such as values in F1 to F12 indicated in FIG. 13.
[0188] Since the personal authentication apparatus 300
according to the present invention determines whether the
user is authenticated using the film-type biomedical signal
measuring apparatuses 10 and 40 that is formed in the form of
a film so as to be easily attached to the skin, whether the user
is authenticated may be determined while the personal
authentication apparatus 300 is attached to the skin during a
daily life so as to continuously determine whether the user is
authenticated without limits of places.

[0189] In this case, the ECG fiducial value and BCG fidu-
cial value of the registration target stored in the DB 312 may
be detected from the ECG signal and BCG signal, respec-
tively that are initially measured after the biomedical signal
the measuring apparatuses 10 and 40 are attached to the skin
of the registration target, and the ECG fiducial value and BCG
fiducial value of the authentication target detected by the
detector 314 may be detected from the ECG signal and the
BCG signal of the registration target, respectively that are
measured by the biomedical signal the measuring apparatuses
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10 and 40 attached to the skin of the registration target at a
specific time for personal authentication.

[0190] Accordingly, the personal authentication apparatus
300 according to the present invention may be used as a
personal authentication sensor based on a biomedical signal,
which may determine whether a user is authenticated in real
time without limits of places while being attached to the skin
of the registration target during a daily life.

[0191] The personal authentication unit 310 may further
include a transmitter 317 for transmitting the personal
authentication determining result that is continuously
obtained in real time without limits of places to a device or
system that requires personal authentication for security,
electronic payment, etc. The transmitter 317 may be config-
ured by wire, wirelessly, or wired/wireless.

[0192] When the personal authentication apparatus 300 is
attached to the skin of the registration target, the biomedical
signal the measuring apparatuses 10 and 40 may measures an
ECG signal and a BCG signal continuously or at a predeter-
mined time interval, and in this case, the personal authenti-
cation unit 310 may further include a DB updating unit (not
shown) for detecting the ECG fiducial value and the BCG
fiducial value from the ECG signal and the BCG signal that
are measured continuously or at a predetermined time interval
by the biomedical signal the measuring apparatuses 10 and
40, respectively and storing the ECG fiducial value and the
BCG fiducial value in the DB 312.

[0193] A biomedical signal of the ECG signal and BCG
signal measured by the biomedical signal the measuring
apparatuses 10 and 40 may be changed according to change in
health of the registration target, and the change in the bio-
medical signal may cause measurement error. In this regard,
when the personal authentication unit 310 further includes the
DB update unit, even if a heart rate of the registration target is
changed according to change in health to change a heart
behavior, the heart rate may be checked continuously or at a
predetermined time interval and the ECG fiducial value and
the BCG fiducial value may be automatically updated, and
thus even if a biomedical signal is changed according to
change in a health state or health behavior of the registration
target, the DB 312 may be automatically updated according to
the change so as to configure the DB 312 optimized to the
registration target, thereby remarkably reducing measure-
ment error according to change in the biomedical signal.
[0194] FIG. 27 is a schematic diagram illustrating a con-
figuration of a personal authentication apparatus 350 accord-
ing to another embodiment of the present invention.

[0195] Referring to FIG. 27, the personal authentication
apparatus 350 according to the present embodiment may be
configured in such a way that the film-type biomedical signal
measuring apparatuses 10 and 40 and the personal authenti-
cation unit 310 are separately installed. For example, the
personal authentication unit 310 may be installed in another
device, for example, a separate portable device or a smart
phone that a subject carries rather than being installed in the
film-type biomedical signal measuring apparatuses 10 and
40.

[0196] The personal authentication unit according to the
present invention may determine whether a user is authenti-
cated using the film-type biomedical signal measuring appa-
ratuses 10 and 40 and may be very thin in the form ofa film so
as to be easily attached to the skin. As described above, when
the personal authentication unit 310 is installed in a separate
device other than the film-type biomedical signal measuring
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apparatuses 10 and 40, the film-type biomedical signal mea-
suring apparatuses 10 and 40 may be further thinned accord-
ingly so as to be more easily attached onto the skin.

[0197] Inthiscase, the film-type biomedical signal measur-
ing apparatuses 10 and 40 may further include a transmitter
340 for transmitting the ECG signal and the vibration signal
that are measured by the first circuit unit 32 and the second
circuit unit 33, respectively to the personal authentication umit
310, and the personal authentication unit 310 may be config-
ured to determine whether the user is authenticated using the
ECG signal and BCG signal transmitted by the transmitter
340. The transmitter 340 may be configured by wire, wire-
lessly, or wired/wireless.

[0198] In the aforementioned embodiments, the BCG sig-
nal is measured by the piezoelectric elements 12 and 42
according to the second circuit unit 33, but the present inven-
tion is not limited thereto, and the personal authentication
apparatus according to the present invention may be config-
ured to measure a BCG signal using an acceleration sensor. In
general, the BCG signal may be measured by positioning the
acceleration sensor on a skin surface and then measuring a
reaction of the human body according to blood action.
[0199] FIG. 28 is a schematic diagram illustrating a per-
sonal authentication apparatus 370 for measuring a BCG
signal using an acceleration sensor, according to an embodi-
ment of the present invention.

[0200] Referring to FIG. 28, the personal authentication
apparatus 370 according to the present embodiment may
include a biomedical signal measuring apparatus 380 includ-
ing a film-type substrate 381, at least two metallic thin film
electrodes 382 that are formed on an attachment surface of the
substrate 381 not to be electrically connected to each other, a
first circuit unit 383 that is formed on an opposite surface of
the substrate 381 so as to measure an ECG signal from the at
least two metallic thin film electrodes 382, and a BCG signal
measurer 384 for measuring the BCG signal using an accel-
eration sensor formed on the opposite surface of the substrate
381, and the personal authentication unit 310 for determining
whether a user is authenticated using the ECG signal and the
BCG signal that are measured by the first circuit unit 383 and
BCG signal measurer 384, respectively.

[0201] As described above, the personal authentication
apparatus 370 according to the present embodiment is differ-
ent from in the aforementioned embodiments except that a
BCG signal is measured using the acceleration sensor instead
of the piezoelectric elements 12 and 42, and accordingly the
detailed description of the aforementioned embodiments is
applied in the same way to other components of the present
embodiment.

[0202] As described above, the personal authentication
apparatus 370 according to the present embodiment may be
configured in such a way that the acceleration sensor may be
formed on the opposite surface of the substrate 381 or con-
figured in such a way that a plurality of acceleration sensors
may be formed at a separate position from the biomedical
signal measuring apparatus 380, but the present invention is
not limited thereto.

[0203] Hereinafter, a personal authentication method using
the film-type biomedical signal measuring apparatuses 10
and 40 according to the present invention will be described in
detail with regard to an embodiment of the present invention.
[0204] First, the personal authentication method according
to an embodiment of the present invention may include
detecting a ECG fiducial value and BCG fiducial value of an
authentication target from simultaneously measured ECG
signal and BCG signal, respectively, and determining
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whether a user is authenticated by comparing the detected
ECG fiducial value and BCG fiducial value of the authenti-
cation target with pre-stored ECG fiducial value and BCG
fiducial value of the registration target, respectively.

[0205] As described above, when whether a user is authen-
ticated is determined using the film-type biomedical signal
measuring apparatuses 10, 40, and 380 according to the
present invention, since the film-type biomedical signal mea-
suring apparatuses 10, 40, and 380 is easily attached to the
skin in the form of a film, an ECG signal and a BCG signal
may be continuously and simultaneously measured without
limits of places while being attached to the skin of the regis-
tration target, and thus the personal authentication appara-
tuses 300, 350, and 370 according to the present invention
may be used as a biomedical signal-based personal authenti-
cation sensor for determining whether the registration target
is authenticated in real time during a daily life without limits
of places.

[0206] A personal authentication method using a biomedi-
cal signal-based personal authentication sensor according to
an embodiment of the present invention may include attach-
ing the film-type biomedical signal measuring apparatuses
10,40, and 380 to the skin of a registration target, detecting an
ECG fiducial value and a BCG fiducial value from an ECG
signal and a BCG signal, respectively that are initially and
simultaneously measured by the film-type biomedical signal
measuring apparatuses 10, 40, and 380 and storing the ECG
fiducial value and the BCG fiducial value of the registration
target in the DB 312, detecting an ECG fiducial value and a
BCG fiducial value from an ECG signal and a BCG signal,
respectively that are thereafter and simultaneously measured
by the film-type biomedical signal measuring apparatuses 10,
40, and 380 at a specific time point for personal authentica-
tion, and comparing the detected ECG fiducial value and
BCG fiducial value with the ECG fiducial value and the BCG
fiducial value of the registration target, respectively to deter-
mine whether the registration target is authenticated.

[0207] The method may further include detecting an ECG
fiducial value and a BCG fiducial value from an ECG signal
and a BCG signal, respectively that are continuously or a
predetermined time interval by the film-type biomedical sig-
nal measuring apparatuses 10, 40, and 380 attached to the skin
of the registration target and storing the ECG fiducial value
and the BCG fiducial value in the DB 312.

[0208] As described above, the present invention relates to
a film-type biomedical signal measuring apparatus config-
ured in such a way that a plurality of metallic thin film elec-
trodes and a circuit unitare formed on a piezoelectric element
in the form of a film so as to be easily attached to the skin and
a vibration signal and an electrical signal of a human body is
simultaneously measured using the plurality of metallic thin
film electrodes and the circuit unit, and embodiments of the
present invention may be changed in various forms. Accord-
ingly, the present invention is not limited to the embodiments
described in the specification, and any form in which ordinary
skill in the art can change may be within the scope of the
present invention.

1-23. (canceled)
24. A film-type biomedical signal measuring apparatus
comprising:
a film-type piezoelectric;
a plurality of metallic thin film electrodes formed on the
piezoelectric element;
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a first circuit unit for measuring a biomedical evoked
potential from at least two of the plurality of metallic
thin film electrodes; and

a second circuit unit for measuring a biomedical evoked
vibration signal from at least two of the plurality of
metallic thin film electrodes.

25. The film-type biomedical signal measuring apparatus

of claim 24, wherein:

the plurality of metallic thin film electrodes comprises two
or more first metallic thin film electrodes formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the first circuit unit is formed on the opposite surface of the
piezoelectric element so as to be electrically connected
to at least two first metallic thin film electrode among the
first metallic thin film electrodes; and

the second circuit unit is formed on the opposite surface of
the piezoelectric element so as to be electrically con-
nected to at least one first metallic thin film electrode
among the first metallic thin film electrodes and the
second metallic thin film electrode.

26. The film-type biomedical signal measuring apparatus

of claim 24, wherein:

the plurality of metallic thin film electrodes comprises at
least two first metallic thin film electrode formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the film-type biomedical signal measuring apparatus fur-
ther comprises a film-type substrate with an adhesion
surface adhered to the opposite surface of the piezoelec-
tric element;

athird metallic thin film electrode electrically connected to
at least one first metallic thin film electrode among the
first metallic thin film electrodes is formed on a forma-
tion surface of the film-type substrate;

the first circuit unit is formed on the formation surface of
the film-type substrate so as to be electrically connected
to at least two first metallic thin film electrode among the
first metallic thin film electrodes; and

the second circuit unit is formed on the formation surface
of the film-type substrate so as to be electrically con-
nected to the second metallic thin film electrode and the
third metallic thin film electrode.

27. The film-type biomedical signal measuring apparatus

of claim 24, wherein:

the plurality of metallic thin film electrodes comprise at
least two first metallic thin film electrodes formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the film-type biomedical signal measuring apparatus fur-
ther comprises a film-type substrate with an adhesion
surface adhered to the opposite surface of the piezoelec-
tric element;

athird metallic thin film electrode is formed on a formation
surface of the film-type substrate so as to be electrically
connected to any one of the first metallic thin film elec-
trodes;
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the first circuit unit is formed on the formation surface of
the film-type substrate so as to be electrically connected
to remaining first metallic thin film electrodes except for
the any one first metallic thin film electrode; and

the second circuit unit is formed on the formation surface
of the film-type substrate so as to be electrically con-
nected to the second metallic thin film electrode and the
third metallic thin film electrode.

28. The film-type biomedical signal measuring apparatus
of claim 27, wherein the first circuit unit is electrically con-
nected to the third metallic thin film electrode and measures a
potential difference between the remaining first metallic thin
film electrodes using the any one first metallic thin film elec-
trode as a reference electrode to measure an electrocardio-
gram (ECG) signal.

29. The film-type biomedical signal measuring apparatus
of claim 24, further comprising an adhesive member disposed
on any one of surfaces of the piezoelectric element or dis-
posed to surround the piezoelectric element and the substrate
to allow any one of the piezoelectric element to be easily
attached to a skin.

30. The film-type biomedical signal measuring apparatus
of claim 24, wherein:

the first circuit unit measures an ECG signal from the
measured biomedical evoked potential; and

the second circuit unit measures a ballistocardiogram
(BCG) signal from the measured biomedical evoked
vibration signal.

31. A blood pressure measuring apparatus comprising:

a film-type biomedical signal measuring apparatus for
measuring an electrocardiogram (ECG) signal and a
ballistocardiogram (BCG) signal forming a plurality of
metallic thin film electrodes on both sides of a film-type
piezoelectric element; and

ablood pressure calculator for calculating a blood pressure
using the ECG signal and the BCG signal that are mea-
sured by the film-type biomedical signal measuring
apparatus.

32. The blood pressure measuring apparatus of claim 31,
the film-type biomedical signal measuring apparatus com-
prising a first circuit unit for measuring an electrocardiogram
(ECG) signal from at least two of the plurality of metallic thin
film electrodes, and a second circuit unit for measuring a
ballistocardiogram (BCG) signal from at least two of the
plurality of metallic thin film electrodes.

33. The blood pressure measuring apparatus of claim 32,
wherein:

the plurality of metallic thin film electrodes comprise at
least two first metallic thin film electrodes formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the film-type biomedical signal measuring apparatus fur-
ther comprises a film-type substrate with an adhesion
surface adhered to the opposite surface of the piezoelec-
tric element;

athird metallic thin film electrode is formed on a formation
surface of the film-type substrate so as to be electrically
connected to any one of the first metallic thin film elec-
trodes;

the first circuit unit is formed on the formation surface of
the film-type substrate so as to be electrically connected
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to remaining first metallic thin film electrodes except for
the any one first metallic thin film electrode; and

the second circuit unit is formed on the formation surface
of the film-type substrate so as to be electrically con-
nected to the second metallic thin film electrode and the
third metallic thin film electrode.

34. The blood pressure measuring apparatus of claim 31,
wherein the blood pressure calculator calculates a blood pres-
suring using a blood pressure estimation regression equation
for each user and an R-J time interval between an R-peak
value of the ECG signal measured by the film-type biomedi-
cal signal measuring apparatus and a J-peak value of the BCG
signal measured by the film-type biomedical signal measur-
ing apparatus.

35. A cardiopulmonary fitness estimating apparatus com-
prising:

a film-type biomedical signal measuring apparatus for an
electrocardiogram (ECG) signal and a vibration signal
forming a plurality of metallic thin film electrodes on
both sides of a film-type piezoelectric element; and

a cardiopulmonary fitness index estimator for estimating a
cardiopulmonary fitness index using the ECG signal and
the vibration signal that are measured by the film-type
biomedical signal measuring apparatus.

36. The cardiopulmonary fitness estimating apparatus of
claim 35, the film-type biomedical signal measuring appara-
tus comprising a first circuit unit for measuring an electrocar-
diogram (ECG) signal from at least two of the plurality of
metallic thin film electrodes, and a second circuit unit for
measuring a ballistocardiogram (BCG) signal from at least
two of the plurality of metallic thin film electrodes.

37. The cardiopulmonary fitness estimating apparatus of
claim 36, wherein:

the plurality of metallic thin film electrodes comprise at
least two first metallic thin film electrodes formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the film-type biomedical signal measuring apparatus fur-
ther comprises a film-type substrate with an adhesion
surface adhered to the opposite surface of the piezoelec-
tric element;

athird metallic thin film electrode is formed on a formation
surface of the film-type substrate so as to be electrically
connected to any one of the first metallic thin film elec-
trodes;

the first circuit unit is formed on the formation surface of
the film-type substrate so as to be electrically connected
to remaining first metallic thin film electrodes except for
the any one first metallic thin film electrode; and

the second circuit unit is formed on the formation surface
of the film-type substrate so as to be electrically con-
nected to the second metallic thin film electrode and the
third metallic thin film electrode.

38. The cardiopulmonary fitness estimating apparatus of
claim 35, wherein the cardiopulmonary fitness index estima-
tor calculates a heart rate from the measured ECG signal at
each unit time, calculates an amount of physical activity from
the measured vibration signal at each unit time, extracts heart
rate and amount of physical activity data in a period in which
the heart rate increases from the calculated heart rate and
amount of physical activity data, detects a linear regression
equation between a heart rate and an amount of physical
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activity in which a period in which the heart rate increases
using the extracted heart rate and amount of physical activity
data, calculates a maximum activity energy expenditure using
the detected linear regression equation, and calculates maxi-
mal oxygen uptake (VO,max) using the calculated maximum
activity energy expenditure and a pre-stored maximal oxygen
uptake estimating regression equation.

39. A personal authentication apparatus comprising;

a film-type biomedical signal measuring apparatus for
measuring an electrocardiogram (ECG) signal and a
ballistocardiogram (BCG) signal forming a plurality of
metallic thin film electrodes on both sides of a film-type
piezoelectric element; and

a personal authentication unit for determining whether a
user is authenticated using the ECG signal and the BCG
signal that are measured by the film-type biomedical
signal measuring apparatus.

40. The personal authentication apparatus of claim 39, the
film-type biomedical signal measuring apparatus comprising
a first circuit unit for measuring an electrocardiogram (ECG)
signal from at least two of the plurality of metallic thin film
electrodes, and a second circuit unit for measuring a ballis-
tocardiogram (BCG) signal from at least two of the plurality
of metallic thin film electrodes.

41. The personal authentication apparatus of claim 40,
wherein:

the plurality of metallic thin film electrodes comprise at
least two first metallic thin film electrodes formed on an
attachment surface of the piezoelectric element so as not
to be electrically connected to each other, and a second
metallic thin film electrode formed on an opposite sur-
face of the piezoelectric element;

the film-type biomedical signal measuring apparatus fur-
ther comprises a film-type substrate with an adhesion
surface adhered to the opposite surface of the piezoelec-
tric element;

athird metallic thin film electrode is formed on a formation
surface of the film-type substrate so as to be electrically
connected to any one of the first metallic thin film elec-
trodes;

the first circuit unit is formed on the formation surface of
the film-type substrate so as to be electrically connected
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to remaining first metallic thin film electrodes except for
the any one first metallic thin film electrode; and

the second circuit unit is formed on the formation surface

of the film-type substrate so as to be electrically con-
nected to the second metallic thin film electrode and the
third metallic thin film electrode.

42. The personal authentication apparatus of claim 39,
wherein the personal authentication unit determines whether
the user is authenticated by comparing an ECG fiducial value
and a BCG fiducial value of an authentication target, which
are respectively detected from the ECG signal and the BCG
signal measured by the film-type biomedical signal measur-
ing apparatus, with a pre-stored ECG fiducial value and BCG
fiducial value of a registration target, respectively

43. The personal authentication apparatus of claim 39,
wherein:

the personal authentication unit comprises a database unit

for storing the ECG fiducial value and the BCG fiducial
value of the registration target, a detector for detecting
the ECG fiducial value from an ECG signal of the
authentication target measured by the first circuit unit
and detecting the BCG fiducial value from a BCG signal
of the authentication target measured by the second cir-
cuit unit, and an authentication processor for determin-
ing whether the user is authenticated by comparing the
ECG fiducial value and the BCG fiducial value of the
authentication target detected by the detector with the
ECG fiducial value and the BCG fiducial value of the
registration target stored in the database unit, respec-
tively,

the ECG fiducial value and the BCG fiducial value of the

registration target stored in the database unit are respec-
tively detected from the ECG signal and the BCG signal
that are initially measured after the film-type biomedical
signal measuring apparatus is attached to a skin of the
registration target; and

the ECG fiducial value and the BCG fiducial value of the

authentication target detected by the detector are
detected from the ECG signal and the BCG signal of the
registration target measured by the film-type biomedical
signal measuring apparatus at a specific time for per-
sonal authentication.
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