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(54) BIO-SIGNAL MEASURING APPARATUS AND BIO-SIGNAL MEASURING METHOD

(57) A bio-signal measuring apparatus includes a
first electrode, a second electrode, a third electrode, a
fourth electrode, and a first circuit network and a second
circuit network, each of the first circuit network and the
second circuit network includes one or more resistances.
The bio-signal measuring apparatus further includes an
impedance measurer configured to measure a first im-
pedance of the first circuit network in a first correction

mode, measure a second impedance of the second cir-
cuit network in a second correction mode, measure a
third impedance of an object in a first measurement
mode, using the first electrode, the second electrode, the
third electrode, and the fourth electrode, and measure a
fourth impedance of the object in a second measurement
mode, using the first electrode, the second electrode, the
third electrode, and the fourth electrode.
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Description

BACKGROUND

1. Field

[0001] Apparatuses and methods consistent with embodiments relate to a bio-signal measuring apparatus and bio-
signal measuring method.

2. Description of the Related Art

[0002] Various medical devices for diagnosing a health state of a patient are being developed. Utilizing medical
equipment for measuring a bioelectric signal of a patient allows for more convenient, more timely resulting health diag-
nosis. This increase in efficiency may save time and money for both the patient and the health care provider.
[0003] As bio-impedance apparatus may be used for monitoring the health or emotional state of a living body. Various
studies are being conducted to manufacture a bio-impedance measuring device in a smaller size while still providing a
method of measuring the bio-impedance quickly and accurately.

SUMMARY

[0004] According to an aspect of an embodiment, there is provided a bio-signal measuring apparatus, including a first
electrode, a second electrode, a third electrode, a fourth electrode, and a first circuit network and a second circuit network,
each of the first circuit network and the second circuit network includes one or more resistances. The bio-signal measuring
apparatus further includes an impedance measurer configured to measure a first impedance of the first circuit network
in a first correction mode, measure a second impedance of the second circuit network in a second correction mode,
measure a third impedance of an object in a first measurement mode, using the first electrode, the second electrode,
the third electrode, and the fourth electrode, and measure a fourth impedance of the object in a second measurement
mode, using the first electrode, the second electrode, the third electrode, and the fourth electrode. The bio-signal meas-
uring apparatus further includes a parameter obtainer configured to obtain an internal parameter of the impedance
measurer, based on the first impedance of the first circuit network in the first correction mode and the second impedance
of the second circuit network in the second correction mode, and a bio-impedance obtainer configured to obtain a bio-
impedance of the object, based on the internal parameter, the third impedance of the object in the first measurement
mode, and the fourth impedance of the object in the second measurement mode.
[0005] The first circuit network and the second circuit network may be configured as a single circuit.
[0006] The first circuit network and the second circuit network may be configured separately as independent circuits.
[0007] In the first correction mode, the impedance measurer may be connected to the first circuit network and further
configured to apply a current to the first circuit network through a first terminal corresponding to the first electrode and
a second terminal corresponding to the second electrode, and measure the first impedance by measuring a voltage
produced between a third terminal corresponding to the third electrode and a fourth terminal corresponding to the fourth
electrode.
[0008] In the second correction mode, the impedance measurer may be connected to the second circuit network and
further configured to apply a current to the second circuit network through a first terminal corresponding to the first
electrode and a second terminal corresponding to the second electrode, and measure the second impedance by meas-
uring a voltage produced between a third terminal corresponding to the third electrode and a fourth terminal corresponding
to the fourth electrode.
[0009] The first measurement mode may use a four-point measurement method of measuring an impedance, using
the first electrode, the second electrode, the third electrode, and the fourth electrode, and the second measurement
mode may use a two-point measurement method of measuring an impedance, using short-circuits of a combination of
the first electrode, the second electrode, the third electrode, and the fourth electrode.
[0010] In the first measurement mode, the impedance measurer may be connected to the first electrode, the second
electrode, the third electrode, and the fourth electrode, and further configured to apply a current to the object through
the first electrode and the second electrode, and measure the third impedance by measuring a voltage produced between
the third electrode and the fourth electrode.
[0011] In the second measurement mode, the impedance measurer is connected to the first electrode, the second
electrode, the third electrode, and the fourth electrode, short-circuits the first electrode to the third electrode and short-
circuits the second electrode to the fourth electrode, and is further configured to apply a current to the object through
the first electrode and the second electrode, and measure the fourth impedance by measuring a voltage produced
between the third electrode and the fourth electrode.
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[0012] The internal parameter may include an input impedance and an output impedance.
[0013] The bio-impedance obtainer may use a bio-impedance calculation formula defining a relationship between the
internal parameter of the impedance measurer, the third impedance, the fourth impedance, and the bio-impedance.
[0014] The bio-impedance calculation formula may be obtained by measuring a contact impedance when each elec-
trode contacts the object.
[0015] The impedance measurer may be further configured to measure the first impedance and the second impedance
by changing a frequency of an input current.
[0016] The parameter obtainer may be further configured to obtain the internal parameter for each frequency of the
impedance measurer, based on the first impedance and the second impedance that are measured for each frequency
of the input current.
[0017] The apparatus may further include a storage part configured to store the internal parameter for each frequency
of the impedance measurer.
[0018] The apparatus may further include a mode setter configured to generate a control signal for setting an operation
mode of the bio-signal measuring apparatus.
[0019] The apparatus may further include a bio-information obtainer configured to obtain bio-information of the object
based on the bio-impedance of the object.
[0020] The bio-information may include any one or any combination of body fat mass, fat-free mass, muscle mass,
skeletal muscle mass, basal metabolism, intracellular water, extracellular water, total body water, mineral content, visceral
fat, blood flow, respiration, heart rate, and heart rate variability.
[0021] According to an aspect of an embodiment, there is provided a bio-signal measuring method, including measuring
a first impedance of a first circuit network in a first correction mode, measuring a second impedance of a second circuit
network in a second correction mode, and obtaining an internal parameter of an impedance measurer, based on the
first impedance of the first circuit network in the first correction mode and the second impedance of the second circuit
network in the second correction mode. The method further includes measuring a third impedance of an object in a first
measurement mode, measuring a fourth impedance of the object in a second measurement mode, and obtaining a bio-
impedance of the object, based on the internal parameter, the third impedance of the object in the first measurement
mode, and the fourth impedance of the object in the second measurement mode.
[0022] Each of the first circuit network and the second circuit network may include one or more resistances.
[0023] The first circuit network and the second circuit network may be configured as a single circuit.
[0024] The first circuit network and the second circuit network may be configured separately as independent circuits.
[0025] The measuring of the first impedance may include entering the first correction mode, connecting the impedance
measurer to the first circuit network, applying a current to the first circuit network through a first terminal and a second
terminal of the impedance measurer, measuring a voltage produced between a third terminal and a fourth terminal of
the impedance measurer, and obtaining the first impedance based on the current and the voltage.
[0026] The measuring of the second impedance may include based on the measuring the first impedance being
completed, entering the second correction mode, connecting the impedance measurer to the second circuit network,
applying a current to the first circuit network through a first terminal and a second terminal of the impedance measurer,
measuring a voltage produced between a third terminal and a fourth terminal of the impedance measurer, and obtaining
the second impedance based on the current and the voltage.
[0027] The first measurement mode may use a four-point measurement method of measuring an impedance, using
four electrodes, and the second measurement mode may use a two-point measurement method of measuring an im-
pedance, using short-circuits of a combination of the four electrodes.
[0028] The measuring of the third impedance may include entering the first correction mode, connecting a first terminal
of the impedance measurer to a first electrode, a second terminal of the impedance measurer to a second electrode, a
third terminal of the impedance measurer to a third electrode, and a fourth terminal of the impedance measurer to a
fourth electrode, applying a current to the object through the first electrode and the second electrode, measuring a
voltage produced between the third electrode and the fourth electrode, and obtaining the third impedance based on the
current and the voltage.
[0029] The measuring of the fourth impedance may include based on the measuring the third impedance being com-
pleted, entering the second measurement mode, based on the measurement of the third impedance being completed,
short-circuiting a first electrode to a third electrode, and short-circuiting a second electrode to a fourth electrode, applying
a current to the object through the first electrode and the second electrode, measuring a voltage produced between the
third electrode and the fourth electrode, and obtaining the fourth impedance based on the current and the voltage.
[0030] The internal parameter may include an input impedance and an output impedance.
[0031] The obtaining of the bio-impedance of the object may include obtaining the bio-impedance of the object by
using a bio-impedance calculation formula which defines a relationship between the internal parameter of the impedance
measurer, the third impedance, the fourth impedance, and the bio-impedance.
[0032] The bio-impedance calculation formula may be obtained by considering a contact impedance, which occurs
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when each electrode contacts the object.
[0033] The method may further include obtaining bio-information of the object based on the bio-impedance of the object.
[0034] The bio-information may include any one or any combination of body fat mass, fat-free mass, muscle mass,
skeletal muscle mass, basal metabolism, intracellular water, extracellular water, total body water, mineral content, visceral
fat, blood flow, respiration, heart rate, and heart rate variability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 is a block diagram illustrating an example of a bio-signal measuring apparatus.
FIG. 2 is a diagram illustrating an example of a first circuit network and a second circuit network.
FIG. 3 is a diagram illustrating another example of a first circuit network and a second circuit network.
FIG. 4 is a diagram illustrating yet another example of a first circuit network and a second circuit network.
FIG. 5 is a circuit diagram explaining an example of an operation in a measurement mode.
FIG. 6 is a block diagram illustrating another example of a bio-signal measuring apparatus.
FIG. 7 is a flowchart illustrating an example of a bio-signal measuring method.
FIG. 8 is a flowchart illustrating another example of a bio-signal measuring method.

DETAILED DESCRIPTION

[0036] Hereinafter, embodiments of the disclosure will be described in greater detail with reference to the accompanying
drawings. In the following description, like drawing reference numerals are used for like elements, even in different
drawings. The matters defined in the description, such as detailed construction and elements, are provided to assist in
a comprehensive understanding of the embodiments. However, it is apparent that the embodiments can be practiced
without those specifically defined matters. Also, a detailed description of well-known functions and configurations incor-
porated may be omitted when they would obscure the description with unnecessary detail.
[0037] Process steps described may be performed differently from a specified order, unless a specified order is clearly
stated in the context of the disclosure. That is, each step may be performed in a specified order, at substantially the
same time, or in a reverse order.
[0038] Further, the terms used throughout this specification are defined in consideration of the functions according to
embodiments, and can be varied according to a purpose of a user, manager, precedent and so on. Therefore, definitions
of the terms may be made on the basis of the overall context.
[0039] It will be understood that, although the terms first, second, etc., may be used to describe various elements,
these elements may not be limited by these terms. These terms are only used to distinguish one element from another.
Any references to ’singular’ may include plural unless expressly stated otherwise. In the present specification, it may be
understood that the terms, such as ’including’ or ’having,’ etc., are intended to indicate the existence of the features,
numbers, steps, actions, components, parts, or combinations thereof disclosed in the specification, and are not intended
to preclude the possibility that one or more other features, numbers, steps, actions, components, parts, or combinations
thereof may exist or may be added.
[0040] Further, components that will be described in the specification are disseminate according to functions mainly
performed by the components. That is, two or more components can be integrated into a single component. Furthermore,
a single component can be separated into two or more components. Moreover, each component can additionally perform
some or all of a function executed by another component in addition to the main function thereof. Some or all of the main
functions of each component can be carried out by another component. Each component may be implemented as
hardware, software, or a combination of both.
[0041] FIG. 1 is a block diagram illustrating an example of a bio-signal measuring apparatus. The bio-signal measuring
apparatus 100 of FIG. 1 may be embedded in an electronic device. In this case, examples of the electronic device may
include a cellular phone, a smartphone, a tablet PC, a laptop computer, a personal digital assistant (PDA), a portable
multimedia player (PMP), a navigation system, an MP3 player, a digital camera, a wearable device, and the like; and
examples of the wearable device may include a wristwatch-type wearable device, a wristband-type wearable device, a
ring-type wearable device, a waist belt-type wearable device, a necklace-type wearable device, an ankle band-type
wearable device, a thigh band-type wearable device, a forearm band-type wearable device, and the like. However, the
electronic device and the wearable device are not limited thereto.
[0042] The bio-signal measuring apparatus 100 is an apparatus that may measure bio-impedance of an object by
using Bioelectrical Impedance Analysis (BIA), and may support a correction mode and a measurement mode. Here, the
correction mode is a mode for obtaining an internal parameter (e.g., input impedance, output impedance, etc.) of an
impedance measurer 130 to accurately measure a bio-impedance; and the measurement mode is a mode for obtaining
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a bio-impedance of an object by using the internal parameter of the impedance measurer 130, which is obtained in the
correction mode.
[0043] Referring to FIG. 1, the bio-signal measuring apparatus may 100 include an electrode part 110, a circuit network
part 120, an impedance measurer 130, a parameter obtainer 140, and a bio-impedance obtainer 150.
[0044] The electrode part 110 may be configured to include four electrodes 111 through 114, which come into contact
with an object. The first electrode 111 and the second electrode 112, which are current applying electrodes, are used
to apply a measurable current to the object; the third electrode 113 and the fourth electrode 114, which are voltage
measuring electrodes, are used to measure a voltage applied to the object due to the measurable current applied through
the first electrode 111 and the second electrode 112.
[0045] In the embodiment in which the bio-signal measuring apparatus 100 is implemented in a wearable device, and
when the user wears the wearable device, the electrodes 111 through 114 of the electrode part 110 may be adapted to
naturally come into contact with body parts of a user or some of the electrodes 111 through 114 may naturally come
into contact with the body parts of the user, and other electrodes may be adapted to contact the body parts by action of
the user.
[0046] The circuit network part 120 may be configured to include a first circuit network 121 and a second circuit network
122, each of which will include at least one or more resistances. The circuit network part 120 is used to measure the
internal parameter (e.g., input impedance, output impedance, etc.) of the impedance measurer 130, and may be con-
nected to the impedance measurer 130 in a first correction mode and a second correction mode.
[0047] The first circuit network 121 and the second circuit network 122 may be configured as a single circuit, the
structure of which may be changed by an internal switch and the like. Further, the first circuit network 121 and the second
circuit network 122 may be configured separately as independent circuits.
[0048] The impedance measurer 130 may be connected to the circuit network part 120 or to the electrode part 110
according to an operation mode of the bio-signal measuring apparatus 100.
[0049] In one embodiment, the impedance measurer 130 may be configured to connect to the first circuit network 121,
in the first correction mode, to measure an impedance (hereinafter referred to as a first impedance) of the first circuit
network 121 The impedance measurer 130 may also be configured to connect to the second circuit network 122, in the
second correction mode, to measure an impedance (hereinafter referred to as a second impedance) of the second circuit
network 122.
[0050] An embodiment of the impedance measurer 130 in the first correction mode and the second correction mode
will be described below.
[0051] In the first correction mode, when the bio-signal measuring apparatus 100 enters the first correction mode,
according to a predetermined control signal, the impedance measurer 130 may connect four terminals (a first terminal
through a fourth terminal), which correspond to the four electrodes 111 through 114, to the first circuit network 121. The
impedance measurer 130 may apply a current to the first circuit network 121, through the first terminal corresponding
to the first electrode 111 and the second terminal corresponding to the second electrode 112; may then measure a
voltage produced by the applied current between the third terminal corresponding to the third electrode 113 and the
fourth terminal corresponding to the fourth electrode 114; and may obtain the first impedance of the first circuit network
121 by using a relational expression, V = I 3 Z, among the voltage V, the current I, and the impedance Z.
[0052] In the second correction mode, upon completing measurement of the first impedance of the first circuit network
121, in the first correction mode, the bio-signal measuring apparatus 100 may enter the second correction mode according
to a predetermined control signal. The impedance measurer 130 may connect the four terminals (the first terminal through
the fourth terminal) to the second circuit network 122 in the second correction mode. The impedance measurer 130 may
apply a current to the second circuit network 122 through the first terminal and the second terminal; may measure a
voltage produced by the applied current between the third terminal and the fourth terminal; and may obtain the second
impedance of the second circuit network 122 by using a relational expression, V = I 3 Z, among the voltage V, the
current I, and the impedance Z.
[0053] In this embodiment, the connection of the impedance measurer 130 to the second circuit network 122 may
include not only an embodiment in which the impedance measurer 130 physically breaks connection with the first circuit
network 121, and physically makes connection with the second circuit network 122, which is separate from the first circuit
network 121, but also an embodiment in which, while the impedance measurer 130 is connected to any one circuit, an
internal structure of the circuit is changed so that the first circuit network 121 is changed to the second circuit network 122.
[0054] In one embodiment, the impedance measurer 130 may be connected to the four electrodes, 111 through 114,
in a first measurement mode and a second measurement mode to measure an impedance of an object. For example,
in the first measurement mode, the impedance measurer 130 may measure an impedance (hereinafter referred to as a
third impedance) of the object by using a four-point measurement method using four electrodes; and in the second
measurement mode, the impedance measurer 130 may measure an impedance (hereinafter referred to as a fourth
impedance) of the object by using a two-point measurement method using short-circuits of a combination of the four
electrodes.
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[0055] In the first measurement mode, when the bio-signal measuring apparatus 100 enters the first measurement
mode according to a predetermined control signal, the impedance measurer 130 may connect the first terminal to the
first electrode 111, the second terminal to the second electrode 112, the third terminal to the third electrode 113, and
the fourth terminal to the fourth electrode 114. The impedance measurer 130 may apply a current to the object through
the first electrode 111 and the second electrode 112; may measure a voltage produced by the applied current between
the third electrode 113 and the fourth electrode 114; and may obtain the third impedance of the object by using a relational
expression, V = I 3 Z, among the voltage V, the current I, and the impedance Z.
[0056] Upon completing measurement of the third impedance of the object in the first measurement mode, the bio-
signal measuring apparatus 100 may enter the second measurement mode according to a predetermined control signal.
The impedance measurer 130 may short-circuit the first electrode 111 to the third electrode 113, and may short-circuit
the second electrode 112 to the fourth electrode 114. The impedance measurer 130 may apply a current to the object
through the first electrode 111 and the second electrode 112; may measure a voltage produced by the applied current
between the third electrode 113 and the fourth electrode 114; and may obtain the fourth impedance of the object by
using a relational expression, V = I 3 Z, among the voltage V, the current I, and the impedance Z.
[0057] The parameter obtainer 140 may obtain an internal parameter of the impedance measurer 130 based on the
first impedance and the second impedance. Here, the internal parameter may include an input impedance and an output
impedance. The impedance measurer 130 may be represented by an equivalent circuit including a current source, an
output impedance connected in parallel with the current source, a voltmeter, and an input impedance connected in
parallel with the voltmeter. In this embodiment, a first impedance relational expression and a second impedance relational
expression may be obtained based on the equivalent circuit of the impedance measurer 130, an equivalent circuit of the
first circuit network, and an equivalent circuit of the second circuit network. The parameter obtainer 140 may obtain the
input impedance and the output impedance by using the first impedance relational expression, the second impedance
relational expression, the measured first impedance value, and the measured second impedance value.
[0058] The bio-impedance obtainer 150 may obtain a bio-impedance of an object by using the internal parameter (e.g.,
the input impedance and the output impedance) of the impedance measurer 130, the third impedance and the fourth
impedance. In one embodiment, the bio-impedance obtainer 150 may obtain the bio-impedance of the object by using
a bio-impedance calculation formula. In this case, the bio-impedance calculation formula defines a relationship between
the internal parameter of the impedance measurer 130, the third impedance, the fourth impedance, and the bio-imped-
ance, and may be obtained by considering a contact impedance which occurs when each electrode and the object
contact each other. For example, the bio-impedance may be represented by the following Equation 1. 

[0059] Here, Zm denotes the bio-impedance of the object, Z4P denotes the third impedance, Z2P denotes the fourth
impedance, Zi denotes the input impedance of the impedance measurer 130, and Zs denotes the output impedance of
the impedance measurer 130.
[0060] In one embodiment, the impedance measurer 130 may measure the first impedance of the first circuit network
121 and the second impedance of the second circuit network 122, by changing a frequency of an input current. In this
case, the parameter obtainer 140 may obtain an internal parameter for each frequency of the impedance measurer 130
based on the first impedance and the second impedance, which are measured for each frequency, and may store the
internal parameter for each frequency of the impedance measurer 130 in an internal or external database of the bio-
signal measuring apparatus 100. The stored internal parameter for each frequency may be used to obtain the bio-
impedance for each frequency.
[0061] FIG. 2 is a diagram illustrating an example of a first circuit network and a second circuit network.
[0062] Referring to FIG. 2, the impedance measurer 130 may be represented by a current source 131, which applies
a current through a first terminal 135a and a second terminal 135b, an output impedance Zs, which is connected in
parallel with the current source 131, a voltmeter 132, which measures a voltage produced between a third terminal 135c
and a fourth terminal 135d, and an input impedance Zi, which is connected in parallel with the voltmeter 132. Further,
the circuit network part 120 may be implemented as a single circuit, the internal structure of which may be changed by
a switch 125, in which the first circuit network may show a state in which the switch 125 is opened, and the second circuit
network may show a state in which the switch 125 is closed. That is, the first circuit network may include two resistances
R1 having the same resistance, and the second circuit network may include one resistance R1.
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[0063] Once the bio-signal measuring apparatus enters the first correction mode, according to a predetermined control
signal, the impedance measurer 130 may connect the terminals 135a through 135d to the circuit network part 120 through
the internal switches 134a through 134d to measure the first impedance of the first circuit network. Further, upon com-
pleting the measurement of the first impedance of the first circuit network, the bio-signal measuring apparatus may enter
the second correction mode according to a predetermined control signal. Once the bio-signal measuring apparatus
enters the first correction mode, the switch 125 of the circuit network part 120 is closed, such that the first circuit network
is changed to the second circuit network, and the impedance measurer 130 may measure the second impedance of the
second circuit network.
[0064] In this case, the first impedance of the first circuit network and the second impedance of the second circuit
network may be obtained by dividing a measured voltage Vm of the voltmeter 132 by an applied current I of the current
source 131, in which the first impedance Z1 may be represented by the following Equation 2, and the second impedance
Z2 may be represented by following Equation 3. 

[0065] In Equations 2 and 3, the resistance R1 is a known value, and the first impedance Z1 and the second impedance
Z2 are values obtained by measurement, such that the parameter obtainer 140 may obtain the output impedance and
the input impedance by using Equations 2 and 3.
[0066] Although FIG. 2 illustrates an embodiment in which the first circuit network and the second circuit network are
implemented as a single circuit, the embodiment is not intended to be limiting. That is, the first circuit network and the
second circuit network may be implemented separately as independent circuits.
[0067] FIG. 3 is a diagram illustrating another example of a first circuit network and a second circuit network.
[0068] Referring to FIG. 3, a circuit network part 120 may be implemented as a single circuit, the internal structure of
which may be changed by switches 125a and 125b, in which the first circuit network may show a state in which the
switches 125a and 125b are opened, and the second circuit network may show a state in which the switches 125a and
125b are closed. That is, the first circuit network may include four resistances R1 having the same resistance and one
resistance R2 having a different resistance. The second circuit network may include two resistances R1 having the same
resistance and one resistance R2 having a different resistance.
[0069] Once the bio-signal measuring apparatus enters the first correction mode according to a predetermined control
signal, the impedance measurer 130 may connect terminals 135a through 135d to the circuit network part 120 through
internal switches 134a through 134d to measure the first impedance of the first circuit network. Further, upon completing
measurement of the first impedance of the first circuit network, the bio-signal measuring apparatus may enter the second
correction mode, according to a predetermined control signal. When the bio-signal measuring apparatus enters the first
correction mode, the switches 125a and 125b of the circuit network part 120 are closed, such that the first circuit network
is changed to the second circuit network, and the impedance measurer 130 may measure the second impedance of the
second circuit network.
[0070] In this first correction mode, the first impedance of the first circuit network and the second impedance of the
second circuit network may be obtained by dividing a measured voltage Vm of the voltmeter 132 by an applied current
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I of the current source 131, in which the first impedance Z1 may be represented by the following Equation 4, and the
second impedance Z2 may be represented by the following Equation 5. 

[0071] In Equations 4 and 5, the resistances R1 and R2 are known values, and the first impedance Z1 and the second
impedance Z2 are values obtained by measurement, such that the parameter obtainer 140 may obtain the output im-
pedance Zs and the input impedance Zi by using Equations 4 and 5.
[0072] Although FIG. 3 illustrates an embodiment in which the first circuit network and the second circuit network are
implemented as a single circuit, the embodiment is not intended to be limiting. That is, the first circuit network and the
second circuit network may be implemented separately as independent circuits.
[0073] FIG. 4 is a diagram illustrating yet another example of a first circuit network and a second circuit network.
[0074] Referring to FIG. 4, a circuit network part 120 may be implemented as a single circuit, the internal structure of
which may be changed by a switch 125, in which the first circuit network may show a state in which the switch 125 is
opened, and the second circuit network may show a state in which the switch 125 is closed. That is, the first circuit
network may include four resistances R1 having the same resistance and two resistances R2 and R3 having different
resistances; and the second circuit network may include two resistances R1 having the same resistances and one
resistance R2 having a different resistance.
[0075] Once the bio-signal measuring apparatus enters the first correction mode, according to a predetermined control
signal, the impedance measurer 130 may connect terminals 135a through 135d to the circuit network part 120 through
internal switches 134a through 134d to measure the first impedance of the first circuit network. Further, upon completing
measurement of the first impedance of the first circuit network, the bio-signal measuring apparatus may enter the second
correction mode, according to a predetermined control signal. When the bio-signal measuring apparatus enters the first
correction mode, the switch 125 of the circuit network part 120 is closed, such that the first circuit network is changed
to the second circuit network, and the impedance measurer 130 may measure the second impedance of the second
circuit network.
[0076] In this first correction mode, the first impedance of the first circuit network and the second impedance of the
second circuit network may be obtained by dividing a measured voltage Vm of the voltmeter 132 by an applied current
of the current source 131, in which the first impedance Z1 may be represented by the following Equation 6, and the
second impedance Z2 may be represented by the following Equation 7. 
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[0077] In Equations 6 and 7, the resistances R1, R2, and R3 are known values, and the first impedance Z1 and the
second impedance Z2 are values obtained by measurement, such that the parameter obtainer 140 may obtain the output
impedance Zs and the input impedance Zi by using Equations 6 and 7.
[0078] Although FIG. 4 illustrates an embodiment in which the first circuit network and the second circuit network are
implemented as a single circuit, the embodiment is not intended to be limiting. That is, the first circuit network and the
second circuit network may be implemented separately as independent circuits.
[0079] Further, the first circuit network and the second circuit network illustrated in FIGS. 2 to 4 are embodiments.
That is, the number of resistances included in the first circuit network and the second circuit network is not limited, and
in the case in which the first circuit network and the second circuit network are not the same, they may be configured to
have various circuit structures.
[0080] FIG. 5 is a circuit diagram explaining an example of an operation in measurement modes. In FIG. 5, Zm is a
bio-impedance of an object, Rc is a contact impedance, which occurs when electrodes 111 through 114 contact the
object, Rc is an input impedance of an impedance measurer 130, and Zs is an output impedance of the impedance
measurer 130.
[0081] Once the bio-signal measuring apparatus enters the first measurement mode according to a predetermined
control signal, the impedance measurer 130 may connect terminals 135a through 135d to the electrodes 111 through
114 of the electrode part 110 through internal switches 134a through 134d to measure the third impedance of the object.
Further, upon completing measurement of the third impedance of the object, the bio-signal measuring apparatus may
enter the second measurement mode according to a predetermined control signal, and the impedance measurer 130
may close switches 134e and 134f to measure the fourth impedance of the object.
[0082] In the first measurement mode, the first electrode 111 and the third electrode 113, and the second electrode
112 and the fourth electrode 114 are opened, such that a relational expression of the third impedance of the object may
be represented by the following Equation 8. 

[0083] Further, in the second measurement mode, the first electrode 111 is short-circuited to the third electrode 113,
and the second electrode 112 is short-circuited to the fourth electrode 114, such that a relational expression of the fourth
impedance of the object may be represented by the following Equation 9. 

[0084] In Equations 8 and 9, the third impedance Z4P and the fourth impedance Z2P are known values, and the input
impedance Zi of the impedance measurer 130 and the output impedance Zs of the impedance measurer 130 are values
obtained in the first and second correction modes. Thus, the bio-impedance Zm may be obtained by combining Equations
8 and 9.
[0085] A bio-impedance calculation formula derived from Equations 8 and 9 is the same as the above Equation 1.
[0086] FIG. 6 is a block diagram illustrating another example of a bio-signal measuring apparatus. The bio-signal



EP 3 492 010 A1

10

5

10

15

20

25

30

35

40

45

50

55

measuring apparatus 600 of FIG. 6 may be embedded in an electronic device. In this case, examples of the electronic
device may include a cellular phone, a smartphone, a tablet PC, a laptop computer, a personal digital assistant (PDA),
a portable multimedia player (PMP), a navigation system, an MP3 player, a digital camera, a wearable device, and the
like. Examples of the wearable device may include a wristwatch-type wearable device, a wristband-type wearable device,
a ring-type wearable device, a waist belt-type wearable device, a necklace-type wearable device, an ankle band-type
wearable device, a thigh band-type wearable device, a forearm band-type wearable device, and the like. However, the
electronic device and the wearable device are not limited thereto.
[0087] Referring to FIG. 6, the bio-signal measuring apparatus 600 includes an electrode part 110, a circuit network
part 120, an impedance measurer 130, a parameter obtainer 140, a bio-impedance obtainer 150, a mode setter 610, a
bio-information obtainer 620, an input part 630, a storage part 640, a communicator 650, and an output part 660. Here,
the electrode part 110, the circuit network part 120, the impedance measurer 130, the parameter obtainer 140, and the
bio-impedance obtainer 150 are described above with reference to FIGS. 1 to 5, such that a detailed description thereof
will be omitted.
[0088] The mode setter 610 may generate a control signal for setting an operation mode of the bio-signal measuring
apparatus 600. In this case, an operation mode of the bio-signal measuring apparatus 600 may include the first correction
mode, the second correction mode, the first measurement mode, and the second measurement mode.
[0089] The mode setter 610 may generate a control signal for setting an operation mode of the bio-signal measuring
apparatus 600 to the first correction mode according to a predetermined cycle, a user’s instruction, a specific event (e.g.,
a device is on, etc.), and the like. Upon completing measurement in the first correction mode, the mode setter 610 may
generate a control signal for setting an operation mode of the bio-signal measuring apparatus 600 to the second correction
mode. In this manner, the impedance measurer 130 may be connected to the first circuit network of the circuit network
part 120 in the first correction mode to measure the first impedance of the first circuit network and may be connected to
the second circuit network of the circuit network part 120 in the second correction mode to measure the second impedance
of the second circuit network. Further, the parameter obtainer 140 may obtain an internal parameter of the impedance
measurer 130, based on the first impedance and the second impedance.
[0090] The mode setter 610 may generate a control signal for setting an operation mode of the bio-signal measuring
apparatus 600 to the first measurement mode according to a predetermined cycle, a user’s instruction, a specific event
(e.g., completing obtaining the internal parameter of the impedance measurer 130, etc.), and the like. Upon completing
measurement in the first measurement mode, the mode setter 610 may generate a control signal for setting an operation
mode of the bio-signal measuring apparatus 600 to the second measurement mode. In this manner, the impedance
measurer 130 may be connected to the electrode part 110 in the first measurement mode to measure the third impedance
of the object and may measure the fourth impedance of the object in the second measurement mode. Further, the bio-
impedance obtainer 150 may obtain the bio-impedance of the object based on the third impedance, the fourth impedance,
and the internal parameter of the impedance measurer 130, which is obtained in the first and second correction modes.
[0091] The bio-information obtainer 620 may obtain bio-information of the object based on the bio-impedance of the
object. In this case, the bio-information may include at least one health diagnostic: including but not limited to body fat
mass, fat-free mass, muscle mass, skeletal muscle mass, basal metabolism, intracellular water, extracellular water, total
body water, mineral content, visceral fat, blood flow, respiration, heart rate, heart rate variability, and the like.
[0092] In one embodiment, the bio-information obtainer 620 may obtain the bio-information of the object by using a
bio-information calculation formula. In this case, the bio-information calculation formula defines a relationship between
the bio-impedance, body information, and bio-information, and may be pre-obtained experimentally, in which the bio-
information may include gender, height, weight, and the like.
[0093] The input part 630 may receive input of various operation signals from a user. In one embodiment, the input
part 630 may include a keypad, a dome switch, a touch pad (static pressure/capacitance), a jog wheel, a jog switch, a
hardware (H/W) button, and the like. The touch pad, which forms a layer structure with a display, may be called a touch
screen.
[0094] The storage part 640 may store programs or instructions for operation of the bio-signal measuring apparatus
600, and may store data input to and output from the bio-signal measuring apparatus 600. Further, the storage part 640
may store the impedance (including the impedance for each frequency) measured by the impedance measurer 130, the
internal parameter (including the internal parameter for each frequency) of the impedance measurer 130, which is
obtained by the parameter obtainer 140, the bio-impedance obtained by the bio-impedance obtainer 150, the bio-
information obtained by the bio-information obtainer 620, the bio-impedance estimation equation, the bio-information
estimation equation, and the like.
[0095] The storage part 640 may include at least one storage medium: a flash memory type memory, a hard disk type
memory, a multimedia card micro type memory, a card type memory (e.g., an SD memory, an XD memory, etc.), a
Random Access Memory (RAM), a Static Random Access Memory (SRAM), a Read Only Memory (ROM), an Electrically
Erasable Programmable Read Only Memory (EEPROM), a Programmable Read Only Memory (PROM), a magnetic
memory, a magnetic disk, an optical disk, and the like. Further, the bio-signal measuring apparatus 600 may operate
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an external storage medium, such as web storage and the like, which performs a storage function of the storage part
640 on the Internet.
[0096] The communicator 650 may perform communication with an external device. For example, the communicator
650 may transmit, to the external device, data input from a user through the input part 630, the impedance (including
the impedance for each frequency) measured by the impedance measurer 130, the internal parameter (including the
internal parameter for each frequency) of the impedance measurer 130, which is obtained by the parameter obtainer
140, the bio-impedance obtained by the bio-impedance obtainer 150, the bio-information obtained by the bio-information
obtainer 620, the bio-impedance estimation equation, the bio-information estimation equation, and the like; or may
receive, from the external device, various data for obtaining the bio-impedance and/or bio-information.
[0097] In this case, the external device may be medical equipment using the data input from a user through the input
part 630, the impedance (including the impedance for each frequency) measured by the impedance measurer 130, the
internal parameter (including the internal parameter for each frequency) of the impedance measurer 130, which is
obtained by the parameter obtainer 140, the bio-impedance obtained by the bio-impedance obtainer 150, the bio-
information obtained by the bio-information obtainer 620, the bio-impedance estimation equation, the bio-information
estimation equation, and the like, a printer to print out results, or a display to display the results. In addition, the external
device may be a digital TV, a desktop computer, a cellular phone, a smartphone, a tablet PC, a laptop computer, a
personal digital assistant (PDA), a portable multimedia player (PMP), a navigation system, an MP3 player, a digital
camera, a wearable device, and the like, but is not limited thereto.
[0098] The communicator 650 may communicate with an external device by using Bluetooth communication, Bluetooth
Low Energy (BLE) communication, Near Field Communication (NFC), WLAN communication, Zigbee communication,
Infrared Data Association (IrDA) communication, Wi-Fi Direct (WFD) communication, Ultra-Wideband (UWB) commu-
nication, Ant+ communication, WIFI communication, Radio Frequency Identification (RFID) communication, 3G com-
munication, 4G communication, 5G communication, and the like. However, this is not intended to be limiting.
[0099] The output part 660 may output the data input from a user through the input part 630, the impedance (including
the impedance for each frequency) measured by the impedance measurer 130, the internal parameter (including the
internal parameter for each frequency) of the impedance measurer 130, which is obtained by the parameter obtainer
140, the bio-impedance obtained by the bio-impedance obtainer 150, the bio-information obtained by the bio-information
obtainer 620, the bio-impedance estimation equation, the bio-information estimation equation, and the like. In one em-
bodiment, the output part 660 may output the data input from a user through the input part 630, the impedance (including
the impedance for each frequency) measured by the impedance measurer 130, the internal parameter (including the
internal parameter for each frequency) of the impedance measurer 130, which is obtained by the parameter obtainer
140, the bio-impedance obtained by the bio-impedance obtainer 150, the bio-information obtained by the bio-information
obtainer 620, the bio-impedance estimation equation, the bio-information estimation equation, and the like by using any
one or any combination of an acoustic method, a visual method, and a tactile method. To this end, the output part 660
may include a display, a speaker, a vibrator, and the like.
[0100] FIG. 7 is a flowchart illustrating an example of a bio-signal measuring method. The bio-signal measuring method
of FIG. 7 may be performed by the bio-signal measuring apparatus 100 of FIG. 1.
[0101] Referring to FIGS. 1 and 7, the bio-signal measuring apparatus 100 may measure the first impedance of the
first circuit network in the first correction mode in 710. For example, upon entering the first correction mode, the bio-
signal measuring apparatus 100 may connect the four terminals, the first terminal through the fourth terminal, of the
impedance measurer 130 to the first circuit network 121; may apply a current to the first circuit network 121 through the
first terminal and the second terminal; and may measure a voltage produced by the applied current between the third
terminal and the fourth terminal. Further, the bio-signal measuring apparatus 100 may obtain the first impedance of the
first circuit network 121 by using a relational expression, V = I 3 Z, between the voltage V, the current I, and the impedance
Z.
[0102] The bio-signal measuring apparatus 100 may measure the second impedance of the second circuit network
in the second correction mode in 720. For example, upon completing measurement of the first impedance of the first
circuit network 121, the bio-signal measuring apparatus 100 may enter the second correction mode, may connect the
four terminals, the first terminal through the fourth terminal, of the impedance measurer 130 to the second circuit network
122, may apply a current to the second circuit network 122 through the first terminal and the second terminal, and may
measure a voltage produced by the applied current between the third terminal and the fourth terminal. Further, the bio-
signal measuring apparatus 100 may obtain the second impedance of the second circuit network 122 by using a relational
expression, V = I 3 Z, between the voltage V, the current I, and the impedance Z.
[0103] The first circuit network 121 and the second circuit network 122 each may include at least one or more resist-
ances. Further, the first circuit network 121 and the second circuit network 122 may be implemented separately as
independent circuits, and may be configured as a single circuit, the structure of which may be changed by an internal
switch and the like. In the case in which the first circuit network 121 and the second circuit network 122 are configured
as a single circuit, the structure of which may be changed, and when the bio-signal measuring apparatus 100 enters the
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second correction mode, connection of the four terminals of the impedance measurer 130 to the first circuit network 121
may be changed to the second circuit network 122 by changing the structure of the circuit.
[0104] The bio-signal measuring apparatus 100 may obtain an internal parameter of the impedance measurer 130
based on the first impedance of the first circuit network 121 and the second impedance of the second circuit network
122 in 730. Here, the internal parameter may include the input impedance and the output impedance. For example, the
bio-signal measuring apparatus 100 may obtain the internal parameter of the impedance measurer 130 by using the
first impedance relational expression, the second impedance relational expression, and the first impedance value and
the second impedance value.
[0105] The bio-signal measuring apparatus 100 may measure the third impedance of an object in the first measurement
mode in 740. For example, upon entering the first measurement mode, the bio-signal measuring apparatus 100 may
connect the four terminals, the first terminal through the fourth terminal, of the impedance measurer 130 to the four
electrodes 111 through 114 of the electrode part 110; may apply a current to the object through the first electrode 111
and the second electrode 112; and may measure a voltage produced by the applied current between the third electrode
113 and the fourth electrode 114. Further, the bio-signal measuring apparatus 100 may obtain the third impedance of
the object by using a relational expression, V = I 3 Z, between the voltage V, the current I, and the impedance Z.
[0106] The bio-signal measuring apparatus 100 may measure the fourth impedance of the object in the second meas-
urement mode in 750. For example, upon completing measurement of the third impedance of the object in the first
measurement mode, the bio-signal measuring apparatus 100 enters the second measurement mode, and short-circuits
the first electrode 111 to the third electrode 113 and short-circuits the second electrode 112 to the fourth electrode 114.
Further, the bio-signal measuring apparatus 100 may apply a current to the object through the first electrode 111 and
the second electrode 112; may measure a voltage produced by the applied current between the third electrode 113 and
the fourth electrode 114; and may obtain the fourth impedance of the object by using a relational expression, V = I 3 Z,
between the voltage V, the current I, and the impedance Z.
[0107] The bio-signal measuring apparatus 100 may obtain the bio-impedance of the object by using the internal
parameter (e.g., the input impedance and the output impedance) of the impedance measurer 130, the third impedance,
and the fourth impedance in 760. For example, the bio-signal measuring apparatus 100 may obtain the bio-impedance
of the object by using a bio-impedance calculation formula which defines a relationship between the internal parameter
of the impedance measurer 130, the third impedance, the fourth impedance, and the bio-impedance. For example, the
bio-impedance calculation formula may be represented by the Equation 1.
[0108] In one embodiment, the bio-signal measuring apparatus 100 may measure the first impedance of the first circuit
network 121 and the second impedance of the second circuit network 122 by changing a frequency of an input current.
In this case, the bio-signal measuring apparatus 100 may obtain an internal parameter for each frequency of the imped-
ance measurer 130 based on the first impedance and the second impedance, which are measured for each frequency;
and may use the internal parameter for each frequency of the impedance measurer 130 to obtain the bio-impedance
for each frequency.
[0109] FIG. 8 is a flowchart illustrating another example of a bio-signal measuring method. The bio-signal measuring
method of FIG. 8 may be performed by the bio-signal measuring apparatus 600 of FIG. 6. In description of FIG. 8,
operations 710 to 760 are described above with reference to FIG. 7 such that detailed description thereof will be omitted.
[0110] Referring to FIGS. 6 to 8, the bio-signal measuring apparatus 600 may measure the first impedance of the first
circuit network in the first correction mode in 710.
[0111] The bio-signal measuring apparatus 600 may measure the second impedance of the second circuit network
in the second correction mode in 720.
[0112] The bio-signal measuring apparatus 600 may obtain the internal parameter of the impedance measurer 130,
based on the first impedance of the first circuit network 121 and the second impedance of the second circuit network
122 in 730.
[0113] The bio-signal measuring apparatus 600 may measure the third impedance of the object in the first measurement
mode in 740.
[0114] The bio-signal measuring apparatus 600 may measure the fourth impedance of the object in the second meas-
urement mode in 750.
[0115] The bio-signal measuring apparatus 600 may obtain bio-information of the object based on the bio-impedance
of the object in 810. In this case, the bio-information may include at least one health diagnostic: including but not limited
to body fat mass, fat-free mass, muscle mass, skeletal muscle mass, basal metabolism, intracellular water, extracellular
water, total body water, mineral content, visceral fat, blood flow, respiration, heart rate, heart rate variability, and the
like. For example, the bio-signal measuring apparatus 600 may obtain bio-information of the object by using the bio-
information calculation formula which defines a relationship between the bio-impedance, body information, and bio-
information, in which the bio-information may include gender, height, weight, and the like.
[0116] The disclosure can be realized as a computer-readable code written on a computer-readable recording medium.
Codes and code segments used for realizing the disclosure can be easily deduced by computer programmers of ordinary
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skill in the art. The computer-readable recording medium may be any type of recording device in which data is stored
in a computer-readable manner. Examples of the computer-readable recording medium include a ROM, a RAM, a CD-
ROM, a magnetic tape, a floppy disc, an optical disk, and the like. Further, the computer-readable recording medium
can be distributed over a plurality of computer systems connected to a network so that a computer-readable recording
medium is written thereto and executed therefrom in a decentralized manner.
[0117] The foregoing embodiments are examples and are not to be construed as limiting. The present teaching can
be readily applied to other types of apparatuses. Also, the description of the embodiments is intended to be illustrative,
and not to limit the scope of the claims, and many alternatives, modifications and variations will be apparent to those
skilled in the art.

Claims

1. A bio-signal measuring apparatus, comprising:

a first electrode;
a second electrode;
a third electrode;
a fourth electrode;
a first circuit network and a second circuit network, each of the first circuit network and the second circuit network
includes one or more resistances;
an impedance measurer configured to:

measure a first impedance of the first circuit network in a first correction mode;
measure a second impedance of the second circuit network in a second correction mode;
measure a third impedance of an object in a first measurement mode, using the first electrode, the second
electrode, the third electrode, and the fourth electrode; and
measure a fourth impedance of the object in a second measurement mode, using the first electrode, the
second electrode, the third electrode, and the fourth electrode;

a parameter obtainer configured to obtain an internal parameter of the impedance measurer, based on the first
impedance of the first circuit network in the first correction mode and the second impedance of the second
circuit network in the second correction mode; and
a bio-impedance obtainer configured to obtain a bio-impedance of the object, based on the internal parameter,
the third impedance of the object in the first measurement mode, and the fourth impedance of the object in the
second measurement mode.

2. The apparatus of claim 1, wherein the first circuit network and the second circuit network are configured as a single
circuit or configured separately as independent circuits.

3. The apparatus of claim 1 or 2, wherein in the first correction mode, the impedance measurer is connected to the
first circuit network and further configured to apply a current to the first circuit network through a first terminal
corresponding to the first electrode and a second terminal corresponding to the second electrode; and measure the
first impedance by measuring a voltage produced between a third terminal corresponding to the third electrode and
a fourth terminal corresponding to the fourth electrode, and/or
wherein in the second correction mode, the impedance measurer is connected to the second circuit network and
further configured to apply a current to the second circuit network through a first terminal corresponding to the first
electrode and a second terminal corresponding to the second electrode; and measure the second impedance by
measuring a voltage produced between a third terminal corresponding to the third electrode and a fourth terminal
corresponding to the fourth electrode.

4. The apparatus of one of claims 1 to 3, wherein the first measurement mode uses a four-point measurement method
of measuring an impedance, using the first electrode, the second electrode, the third electrode, and the fourth
electrode, and
the second measurement mode uses a two-point measurement method of measuring an impedance, using short-
circuits of a combination of the first electrode, the second electrode, the third electrode, and the fourth electrode.

5. The apparatus of one of claims 1 to 4, wherein in the first measurement mode, the impedance measurer is connected
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to the first electrode, the second electrode, the third electrode, and the fourth electrode, and further configured to
apply a current to the object through the first electrode and the second electrode; and measure the third impedance
by measuring a voltage produced between the third electrode and the fourth electrode, and/or
wherein in the second measurement mode, the impedance measurer is connected to the first electrode, the second
electrode, the third electrode, and the fourth electrode, short-circuits the first electrode to the third electrode and
short-circuits the second electrode to the fourth electrode, and is further configured to apply a current to the object
through the first electrode and the second electrode; and measure the fourth impedance by measuring a voltage
produced between the third electrode and the fourth electrode.

6. The apparatus of one of claims 1 to 5, wherein the internal parameter comprises an input impedance and an output
impedance.

7. The apparatus of one of claims 1 to 6, wherein the bio-impedance obtainer uses a bio-impedance calculation formula
defining a relationship between the internal parameter of the impedance measurer, the third impedance, the fourth
impedance, and the bio-impedance.

8. The apparatus of claim 7, wherein the bio-impedance calculation formula is obtained by measuring a contact im-
pedance when each electrode contacts the object.

9. The apparatus of one of claims 1 to 8, wherein the impedance measurer is further configured to measure the first
impedance and the second impedance by changing a frequency of an input current.

10. The apparatus of claim 9, wherein the parameter obtainer is further configured to obtain the internal parameter for
each frequency of the impedance measurer, based on the first impedance and the second impedance that are
measured for each frequency of the input current.

11. The apparatus of claim 10, further comprising a storage part configured to store the internal parameter for each
frequency of the impedance measurer.

12. The apparatus of one of claims 1 to 11, further comprising a mode setter configured to generate a control signal for
setting an operation mode of the bio-signal measuring apparatus.

13. The apparatus of one of claims 1 to 12, further comprising a bio-information obtainer configured to obtain bio-
information of the object based on the bio-impedance of the object.

14. The apparatus of claim 13, wherein the bio-information comprises any one or any combination of body fat mass,
fat-free mass, muscle mass, skeletal muscle mass, basal metabolism, intracellular water, extracellular water, total
body water, mineral content, visceral fat, blood flow, respiration, heart rate, and heart rate variability.

15. A bio-signal measuring method, comprising:

measuring a first impedance of a first circuit network in a first correction mode;
measuring a second impedance of a second circuit network in a second correction mode;
obtaining an internal parameter of an impedance measurer, based on the first impedance of the first circuit
network in the first correction mode and the second impedance of the second circuit network in the second
correction mode;
measuring a third impedance of an object in a first measurement mode;
measuring a fourth impedance of the object in a second measurement mode; and
obtaining a bio-impedance of the object, based on the internal parameter, the third impedance of the object in
the first measurement mode, and the fourth impedance of the object in the second measurement mode.
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