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(57) ABSTRACT

A method of measuring a bio signal using a bio signal
measuring apparatus includes: positioning electrodes
included as part of the bio signal measuring apparatus to
contact a surface of an examinee; switching an impedance
measurer included as part of the bio signal measuring
apparatus and including a voltmeter and a current source;
measuring a first impedance value of the examinee while
operating the impedance measurer according to a first mode;
switching the impedance measurer to a second mode; mea-
suring a second impedance value of the examinee while
operating the impedance measurer according to a second
mode; and obtaining bio impedance of the examinee based
on the first and second impedance values and an internal
impedance of the current source.
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APPARATUS AND METHOD OF
MEASURING BIO SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0141040, filed on Oct. 7, 2015,
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1. Field

[0003] Methods and apparatuses consistent with the exem-
plary embodiments disclosed herein relate to apparatuses
and methods for measuring a bio signal.

[0004] 2. Description of the Related Art

[0005] A method of positioning an electrode to contact a
user’s body, measuring bio impedance by using the elec-
trode, and calculating body fat based on the measured bio
impedance has been developed. Since a body fat analyzer
may accurately measure a degree of body fat accumulation
for each portion of a body, the body fat analyzer is used not
only in households but also various technical fields.
[0006] In the case of measuring body fat by using bio
impedance, since measurement is performed by positioning
an electrode to directly contact a portion of a user’s body,
contact impedance due to a contact between the electrode
and the user’s body influences the measurement of bio
impedance.

SUMMARY

[0007] Exemplary embodiments provide methods and
apparatuses for measuring bio information without an influ-
ence of contact impedance.

[0008] Exemplary embodiments further provide methods
and apparatuses for measuring bio information, that are
capable of increasing the accuracy of a measurement value
by taking into account internal impedance of a current
source.

[0009] Technical objects of the exemplary embodiments
are not limited to the above technical objects, and other
technical objects may be inferred from exemplary embodi-
ments described below.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented exemplary embodiments.

[0011] According to an aspect of an exemplary embodi-
ment, a method of measuring a bio signal using a bio signal
measuring apparatus includes: positioning electrodes
included as part of the bio signal measuring apparatus to
contact a surface of an examinee; switching an impedance
measurer, included as part of the bio signal measuring
apparatus and including a voltmeter and a current source, to
a first mode, the current source inducing an internal imped-
ance; measuring a first impedance value of the examinee
while operating the impedance measurer according to a first
mode; switching the impedance measurer to a second mode;
measuring a second impedance value of the examinee while
operating the impedance measurer according to a second
mode; and obtaining bio impedance of the examinee based
on the first and second impedance values and the internal
impedance of the current source.
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[0012] The plurality of electrodes may include a first
electrode, a second electrode, a third electrode and a fourth
electrode, and when the impedance measurer operates
according to the first mode, the current source is connected
between the first electrode and the fourth electrode, and the
voltmeter is connected between the second electrode and the
third electrode.

[0013] When the impedance measurer operates according
to the second mode, the current source is connected between
the first electrode and the fourth electrode, and the voltmeter
is connected between the second electrode and the third
electrode, the first electrode and the second electrode are
short-circuited, and the third electrode and the fourth elec-
trode are short-circuited.

[0014] The obtaining of the bio impedance of the exam-
inee may include obtaining the bio impedance of the exam-
inee by compensating for an effect of contact impedance
between the electrodes and the surface of the examinee in
the first and second impedance values considering the inter-
nal impedance of the current source.

[0015] The obtaining of the bio impedance of the exam-
inee may include: obtaining the bio impedance of the
examinee by using Equation 1:

_ B+ Z)P+Zs) Equation 1
where f is defined by Equation 2,
2 Equation 2

e

Zy Z Zs

where 7,,=a first impedance valuve, Z,,=a second imped-
ance value, Z,=an input impedance value of the impedance
measurer, and 7 =the internal impedance of the current
source.

[0016] The method may further include changing an effec-
tive value of the internal impedance of the current source by
connecting a parallel impedance to the current source.
[0017] The parallel impedance may be smaller than the
internal impedance of the current source.

[0018] Contact impedance values between the first, sec-
ond, third and fourth electrodes and the surface of the
examinee have different impedance values, respectively.
[0019] When the impedance measurer operates according
to the second mode, the current source is connected between
the second electrode and the fourth electrode, and the
voltmeter is connected between the second electrode and the
third electrode, and the first electrode is electrically discon-
nected from the current source.

[0020] The method may further include: switching the
impedance measurer to a third mode; and measuring a third
impedance value of the examinee when the impedance
measurer operates according to the third mode, wherein
when the impedance measurer operates according to the
third mode, the current source is connected between the first
electrode and the fourth electrode, and the voltmeter is
connected between the first electrode and the third electrode,
and the second electrode is electrically disconnected from
the current source.
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[0021] The method may further include: switching the
impedance measurer to a fourth mode; and measuring a
fourth impedance value of the examinee when the imped-
ance measurer operates according to the fourth mode,
wherein when the impedance measurer operates according
to the fourth mode, the current source is connected between
the first electrode and the fourth electrode, and the voltmeter
is connected between the second electrode and the fourth
electrode, and the third electrode is electrically disconnected
from the current source.

[0022] The method may further include: switching the
impedance measurer to a fifth mode; and measuring a fifth
impedance value of the examinee when the impedance
measurer operates according to the fifth mode, wherein
when the impedance measurer operates according to the fifth
mode, the current source is connected between the first
electrode and the third electrode, and the voltmeter is
connected between the second electrode and the third elec-
trode, and the fourth electrode is electrically disconnected
from the current source.

[0023] The obtaining of the bio impedance of the exam-
inee may include obtaining the bio impedance of the exam-
inee by compensating for an effect of contact impedance
values between the first, second, third and fourth electrodes
and the surface of the examinee in the first, second, third,
fourth and fifth impedance values.

[0024] The method may further include outputting bio
information of the examinee based on the bio impedance of
the examinee.

[0025] The bio information of the examinee may include
at least one of a body fat amount of the examinee, a basal
metabolic amount of the examinee, a skeletal muscle
amount of the examinee, a blood flow amount of the
examinee, a breathing rate of the examinee, a heart rate of
the examinee, and heart rate variation of the examinee.

[0026] According to an aspect of another exemplary
embodiment, a method of measuring a bio signal using a bio
signal measuring apparatus includes: positioning electrodes
included as part of the bio signal measuring apparatus to
contact a surface of an examinee; switching an impedance
measurer included as part of the bio signal measuring
apparatus and including an amperemeter, a voltmeter, and a
current source, to a first mode, the current source inducing
an internal impedance; measuring, by using the ampereme-
ter, a current amount supplied from the current source to the
electrodes when the impedance measurer operates according
to the first mode; determining a first impedance value of the
examinee based on a current amount supplied to the elec-
trodes and a voltage measured by the voltmeter when the
impedance measurer operates according to the first mode;
switching the impedance measurer to a second mode; mea-
suring, by using the amperemeter, a current amount supplied
from the current source to the electrodes when the imped-
ance measurer operates according to the second mode;
determining a second impedance value of the examinee
based on a current amount supplied to the electrodes and a
voltage measured by the voltmeter when the impedance
measurer operates according to the second mode; and
obtaining bio impedance of the examinee based on the first
and second impedance values.

[0027] The method may further include outputting bio
information of the examinee based on the bio impedance of
the examinee.
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[0028] According to an aspect of another exemplary
embodiment, an apparatus configured to measure a bio
signal includes an electrode unit including electrodes that
contact a surface of an examinee; an impedance measurer
including a voltmeter and a current source, the current
source inducing an internal impedance; a mode controller
configured to control the impedance measurer to measure a
first impedance value of the examinee while the impedance
measurer is operating according to a first mode, and measure
a second impedance value of the examinee while the imped-
ance measurer is operating according to a second mode; and
a bio impedance obtainer configured to obtain bio imped-
ance of the examinee based on the first and second imped-
ance values and the internal impedance of the current source.

[0029] The electrode unit may further include a first
electrode, a second electrode, a third electrode and a fourth
electrode, and the mode controller may be configured to
control the impedance measurer such that the current source
is connected between the first electrode and the fourth
electrode, and the voltmeter is connected between the sec-
ond electrode and the third electrode when the impedance
measurer operates according to the first mode.

[0030] The mode controller may be configured to control
the impedance measurer such that the current source is
connected between the first electrode and the fourth elec-
trode, and the voltmeter may be connected between the
second electrode and the third electrode, and the first elec-
trode and the second electrode may be short-circuited, and
the third electrode and the fourth electrode may be short-
circuited, when the impedance measurer operates according
to the second mode.

[0031] The bio impedance obtainer may be configured to
obtain the bio impedance by compensating for an effect of
contact impedance between the electrodes and the surface of
the examinee in the first and second impedance values by
considering the internal impedance of the current source.

[0032] The bio impedance obtainer may be configured to
obtain the bio impedance by using Equation 1:

=z (B+Z)(P+2Zs) Equation |
I B T4 )+ 7%
where f is defined by Equation 2,
2 Equation 2

L

e 7 Zs

where 7,,=a first impedance value, 7,,=a second imped-
ance value, Z,=an input impedance value of the impedance
measurer, and 7 =the internal impedance of the current
source.

[0033] The impedance measurer may further include: a
current source parallel impedance that is parallel-connected
to the current source and which changes an effective value
of the internal impedance of the current source.

[0034] The current source parallel impedance may have an
impedance value that is less than the internal impedance of
the current source.
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[0035] Contact impedance values between the first, sec-
ond, third and fourth electrodes and the surface of the
examinee have different impedance values, respectively.
[0036] The mode controller may be configured to control
the impedance measurer such that when the impedance
measurer operates according to the second mode, the current
source is connected between the second electrode and the
fourth electrode, and the voltmeter is connected between the
second electrode and the third electrode, and the first elec-
trode is electrically disconnected from the current source.
[0037] The mode controller may control the impedance
measurer to measure a third impedance value of the exam-
inee when the impedance measurer operates according to a
third mode, and may control the impedance measurer such
that when the impedance measurer operates according to the
third mode, the current source is connected between the first
electrode and the fourth electrode, and the voltmeter is
connected between the first electrode and the third electrode,
and the second electrode is electrically disconnected from
the current source.

[0038] The mode controller may control the impedance
measurer to measure a fourth impedance value of the
examinee when the impedance measurer operates according
to a fourth mode, and may control the impedance measurer
such that when the impedance measurer operates according
to the fourth mode, the current source is connected between
the first electrode and the fourth electrode, and the voltmeter
is connected between the second electrode and the fourth
electrode, and the third electrode may be electrically dis-
connected from the current source.

[0039] The mode controller may control the impedance
measurer to measure a fifth impedance value of the exam-
inee when the impedance measurer operates according to a
fifth mode, and may control the impedance measurer such
that when the impedance measurer operates according to the
fifth mode, the current source is connected between the first
electrode and the third electrode, and the voltmeter is
connected between the second electrode and the third elec-
trode, and the fourth electrode is electrically disconnected
from the current source.

[0040] The bio impedance obtainer may be configured to
obtain the bio impedance by compensating for an effect of
the contact impedance between the first, second, third and
fourth electrodes and the surface of the examinee in the first,
second, third, fourth and fifth impedance values.

[0041] The apparatus may further include a bio informa-
tion outputter configured to output bio information of the
examinee based on the bio impedance of the examinee.
[0042] The bio information of the examinee may include
at least one of a body fat amount of the examinee, a basal
metabolic amount of the examinee, a skeletal muscle
amount of the examinee, a blood flow amount of the
examinee, a breathing rate of the examinee, a heart rate of
the examinee, and heart rate variation of the examinee.
[0043] According to an aspect of another exemplary
embodiment, an apparatus configured to measure a bio
signal includes: an electrode unit comprising electrodes that
contact a surface of an examinee; an impedance measurer
including a voltmeter, a current source inducing an internal
impedance, and an amperemeter provided between the cur-
rent source and the electrode unit and configured to measure
a current amount supplied from the current source to the
electrode unit; a mode controller configured to control the
impedance measurer to measure a first impedance value of
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the examinee while the impedance measurer operates
according to a first mode, and measure a second impedance
value of the examinee while the impedance measurer oper-
ates according to a second mode; and a bio impedance
obtainer configured to obtain bio impedance of the examinee
based on the first and second impedance values.

[0044] The first impedance value may be determined by a
voltage value measured by the voltmeter and a current value
measured by the amperemeter when the impedance mea-
surer operates according to the first mode, and the second
impedance value may be determined by a voltage value
measured by the voltmeter and a current value measured by
the amperemeter when the impedance measurer operates
according to the second mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with
the accompanying drawings in which:

[0046] FIG. 1 is a block diagram illustrating an apparatus
for measuring a bio signal according to an exemplary
embodiment;

[0047] FIG. 2 is an exemplary circuit diagram illustrating
an impedance measurer and an electrode unit according to a
first mode;

[0048] FIG. 3 is an exemplary circuit diagram illustrating
an impedance measurer and an electrode unit according to a
second mode;

[0049] FIG. 4 is a circuit diagram illustrating the imped-
ance measurer according to the first mode illustrated in FIG.
2 when taking into account an internal impedance of a
current source;

[0050] FIG. 5 is a circuit diagram illustrating an imped-
ance measurer and an electrode unit according to a second
mode when taking into account an internal impedance;
[0051] FIG. 6 is a circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0052] FIG. 7 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0053] FIG. 8is a graph illustrating experiment results that
compare the case of taking into account an internal imped-
ance of a current source with the case of not taking into
account an internal impedance of a current source;

[0054] FIG. 9 is a graph illustrating a relation between a
voltage applied to a current source and an output current of
the current source;

[0055] FIG. 10 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0056] FIG. 11 is a graph illustrating a change of a current
amount supplied to an electrode unit depending on a change
of a first impedance value without a current source parallel
impedance;

[0057] FIG. 12 is a graph illustrating a change of a current
amount supplied to an electrode unit depending on a change
of a first impedance value with a current source parallel
impedance connected thereto;

[0058] FIG. 13 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;
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[0059] FIG. 14 is a circuit diagram for explaining a state
in which an impedance measurer operates according to a
second mode;

[0060] FIG. 15 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0061] FIG. 16 is another circuit diagram for explaining a
state in which an impedance measurer operates according to
a second mode;

[0062] FIG. 17 is a circuit diagram for explaining a state
in which an impedance measurer operates according to a
third mode;

[0063] FIG. 18 is a circuit diagram for explaining a state
in which an impedance measurer operates according to a
fourth mode;

[0064] FIG. 19 is a circuit diagram for explaining a state
in which an impedance measurer operates according to a
fifth mode;

[0065] FIGS. 20 and 21 are circuit diagrams for explaining
an apparatus for measuring a bio signal according to an
exemplary embodiment;

[0066] FIG. 22 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0067] FIG. 23 is another circuit diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0068] FIG. 24 is another block diagram for explaining an
apparatus for measuring a bio signal according to an exem-
plary embodiment;

[0069] FIGS. 25 and 26 are perspective views illustrating
an implementation of an apparatus for measuring a bio
signal;

[0070] FIG. 27 is a flowchart illustrating a method of

measuring a bio signal according to an exemplary embodi-
ment;

[0071] FIG. 28 is a flowchart illustrating a method of
measuring a bio signal according to an exemplary embodi-
ment; and

[0072] FIG. 29 is a flowchart illustrating a method of
measuring a bio signal according to an exemplary embodi-
ment.

DETAILED DESCRIPTION

[0073] Exemplary embodiments are described below with
reference to the accompanying drawings.

[0074] As the terms used herein, so far as possible,
widely-used general terms are selected in consideration of
functions in the exemplary embodiments; however, these
terms may vary according to the intentions of those of
ordinary skill in the art, the precedents, or the appearance of
new technology. Also, in some cases, there may be terms
that are arbitrarily selected by the applicant, and the mean-
ings thereof will be described in detail in the corresponding
portions of the description of the exemplary embodiments.
Therefore, the terms used herein are not simple titles of
terms and should be defined based on the meanings thereof
and the overall description of the exemplary embodiments.
[0075] It will be understood that when a component is
referred to as being “connected” to another component, the
component may be “directly connected” to the other com-
ponent or may be “clectrically connected” to the other
component with the other component interposed therebe-
tween. It will be understood that the terms “comprises”,
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“includes”, and “has”, when used herein, specify the pres-
ence of stated elements, but do not preclude the presence or
addition of other elements, unless otherwise defined. Also,
the terms “unit” and “module” used herein represent a unit
for processing at least one function or operation, which may
be implemented by hardware, software, or a combination of
hardware and software.

[0076] The terms “configure” and/or “comprise” used
herein should not be construed as necessarily including all
components or operations described in the specification, but
should be construed as not including some components or
operations or further including additional components or
operations.

[0077] It will be understood that although the terms “first”,
“second”, etc., may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.

[0078] Descriptions of exemplary embodiments below
should not be construed as limiting the scope of the exem-
plary embodiments, and concepts that are easily inferred by
a person of ordinary skill in the art should be construed as
falling within the scope of exemplary embodiments. Here-
inafter, certain exemplary embodiments provided for exem-
plary purposes only are described below with reference to
the accompanying drawings.

[0079] FIG. 1 is a block diagram illustrating an apparatus
100 for measuring a bio signal according to an exemplary
embodiment.

[0080] Referring to FIG. 1, the apparatus 100 for measur-
ing a bio signal according to an exemplary embodiment may
include an electrode unit 110, an impedance measuring unit
(e.g., impedance measurer) 120, a mode controller 130, and
a bio impedance obtaining unit (e.g., bio impedance
obtainer) 140.

[0081] The electrode unit 110 may include at least two
electrodes. In the case where the apparatus 100 for measur-
ing a bio signal is a wearable device such as a smart watch,
the electrodes of the electrode unit 110 may contact a user’s
body when the user wears the wearable device. One of the
electrodes of the electrode unit 110 may contact the user’s
body when the user wears the wearable device, and the other
of the electrodes may contact the uset’s body due to the
user’s motion.

[0082] The impedance measurer 120 measures impedance
of an electric circuit including the body by using a bio
impedance analyzer (BIA) method. The impedance mea-
surer 120 may apply a current via a first electrode 110a of
the electrode unit 110, and measure a voltage between the
electrodes of the electrode unit 110. The impedance mea-
surer 120 may measure the impedance of the electric circuit
by measuring voltages between the electrodes.

[0083] The mode controller 130 may change a connection
mode of an internal circuit of the impedance measurer 120.
When the mode controller 130 changes the connection mode
of the internal circuit of the impedance measurer 120, an
impedance value measured by the impedance measurer 120
may change.

[0084] The bio impedance obtainer 140 may measure bio
impedance of an examinee by using impedance values
measured by the impedance measurer 120. According to an
exemplary embodiment, the examinee refers to a living body
(e.g., human) that wears the apparatus 100 for measuring a
bio signal, and may include a human body or a biological
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tissue of an animal. The bio impedance obtainer 140 may
obtain a bio impedance value, regardless of contact imped-
ance between the electrodes of the electrode unit 110 and the
examinee, based on the impedance values measured by the
impedance measurer 120.

[0085] FIG. 2 is an exemplary circuit diagram illustrating
an impedance measurer 120 and an electrode unit 110. An
internal circuit configuration of the impedance measurer 120
may be changed by the mode controller 130. A circuit
connection state of the impedance measurer 120 illustrated
in FIG. 2 is referred to as a first mode.

[0086] In FIG. 2, Zc represents contact impedance
between electrodes 110a, 1105, 110c, and 1104, and an
examinee. Zm represents bio impedance of the examinee. Zi
represents impedance of an analog front end (AFE), and the
AFE represents the impedance measurer 120. A current
source 122 may generate a constant current. At least a
portion of a current generated by the current source 122 may
be applied to the examinee via the electrodes 110a and 1104
of the electrode unit 110. A voltmeter 124 may measure a
voltage Vm between the second electrodes 1105 and the
third electrode 110c. A voltage measured by the voltmeter
124 is output to an analog-to-digital converter (ADC) 129.
The ADC 129 may convert a voltage input as an analog
signal into a digital signal. An impedance value measured by
the impedance measurer 120 may be determined from a
voltage value measured by the voltmeter 124 of the imped-
ance measurer 120. For example, a first impedance value
7., measured by the impedance measurer 120 under the first
mode may be determined by dividing a voltage Vm mea-
sured by the voltmeter 124 based on an output current value
of the current source 122. The first impedance value Z,,, may
be expressed by Equation 1.

Equation [

Zip = fl(Zm 2., Z) :me

i

[0087] Since Zi is a value determined by a circuit char-
acteristic and the first impedance value 7Z,, is a value
obtained by measurement in Equation 1, there are two
unknowns Zm and Zc. To obtain the two unknowns, another
equation is required. The mode controller 130 may switch a
circuit connection of the impedance measurer 120 to a
second mode by adjusting an internal switch 126 of the
impedance measurer 120.

[0088] FIG. 3 is an exemplary circuit diagram illustrating
the impedance measurer 120 and the electrode unit 110
according to a second mode.

[0089] Referring to FIG. 3, in the second mode, the first
electrode 110a and the second electrode 1106 may be
short-circuited. Also, under the second mode, the third
electrode 110¢ and the fourth electrode 1104 may be short-
circuited. The mode controller 130 may adjust switches
126a and 1265 inside the impedance measurer 120 in order
to switch the internal circuit connection of the impedance
measurer 120 to the second mode. As an example, the mode
controller 130 may switch the first switch 126a and the
second switch 1265 of the impedance measurer 120 to a
closed state when operating in the second mode. When the
first switch 126a becomes a closed state, the first electrode
110a and the second electrode 110b may be short-circuited.
Also, when the second switch 1265 becomes a closed state,

Apr. 13,2017

the third electrode 110¢ and the fourth electrode 1104 may
be short-circuited. It is understood that the configuration of
the switches and electrodes may be modified from the
configuration shown in FIGS. 2 and 3.

[0090] A second impedance value Z,, may be determined
from a voltage value Vm measured by the voltmeter 124
under the second mode. For example, the second impedance
value Z,, may be obtained by dividing the voltage value Vm
measured by the voltmeter 124 by an output current value of
the current source 122 under the second mode.

[0091] The second impedance value 7, measured by the
impedance measurer 120 may be expressed by Equation 2.

Equation 2
Zop = f(Zn, Lo, Zi) =

[0092] In Equations 1 and 2, Z,, and Z,, are measured
values, and Zi is a value determined depending on a char-
acteristic of the AFE. Therefore, since there are two
unknown variables Zm and Cz and two equations 1 and 2,
Zm and Zc may be calculated by simultaneously solving
Equations 1 and 2, and even when a value of Z¢ is not known
or not calculated, Zm may be calculated.

[0093] Measurement values of the first and second imped-
ance values Z,, and Z,, expressed by Equations 1 and 2 are
values obtained by dividing a voltage Vm measured by the
voltmeter 124 by a current 1 of the amperemeter 122.
However, the current I of the amperemeter 122 may not be
entirely transferred to the electrode unit 110 because, in
contrast to an ideal amperemeter, the real amperemeter 122
includes an internal impedance and thus may not always
supply a constant current to the electrode unit 110. The
internal impedance may be generated (induced) for various
reasons. For example, the internal impedance may be gen-
erated (induced) as a result of parasitic components of the
current source 122, other electrical components of the cur-
rent source 122, a combination thereof, or for different
reasons altogether. There may be many different causes of
the internal impedance.

[0094] FIG. 4 is a circuit diagram illustrating the imped-
ance measurer 120 according to the first mode illustrated in
FIG. 2 by taking into account an internal impedance of the
current source 122.

[0095] Referring to FIG. 4, the impedance measurer 120
may include an internal impedance Zs parallel-connected to
the current source 122. A current I coming from the current
source 122 may be divided into a current I, flowing through
the internal impedance Zs and a current [, flowing toward
the electrode unit 110. In the case where the magnitude of
contact impedance Zc¢ between the electrodes 110a, 1105,
110c, and 1104 of the electrode unit 110 and an examinee is
considerably less than the internal impedance Zs, the mag-
nitude of the current I, may be considerably larger than that
of the current . In this case, it is considered that the current
1, flowing toward the electrode unit 110 is almost the same
as the value of the output current I of the current source 122.
Therefore, in this case, there may not be a significant
problem in accurately obtaining bio impedance Zm even
without taking into account the internal impedance Zs.
[0096] However, when the areas of the electrodes 110q,
1106, 110¢, and 1104 are reduced, the magnitude of the
contact impedance Z¢ may increase. When the magnitude of
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the contact impedance Zc increases, the magnitude of the
current I; may become similar to or less than the magnitude
of the current I,. In this case, there may be a substantial
difference between the current 1, supplied to the electrode
unit 110 and the output current I of the amperemeter 122.
When a difference between the current I, supplied to the
electrode unit 110 and the output current I of the ampereme-
ter 122 increases, the accuracy of the bio impedance value
Zm obtained by using Equations 1 and 2 may be reduced.
[0097] When obtaining the bio impedance Zm from the
first and second impedances 7, and Z., ., the bio impedance
obtainer 140 may increase the accuracy of the bio imped-
ance value Zm by taking into account the internal impedance
75 128. When taking into account the internal impedance Zs,
the circuit diagram according to the first mode illustrated in
FIG. 2 may be converted into the circuit diagram of FIG. 4.
Also, the Equation used to express the first impedance 7,5
may be changed from Equation 1 to Equation 3 below.

Zs Equation 3
Zap =Zpx

7, +17.
1+

1

Zy+ 27, +

T 1
7. " Z+Z

[0098] Referring to Equation 3, it is shown that the first
impedance 7, includes a factor that depends on the internal
impedance Zs. In this case, the last factor from among the
multiplication factors in Equation 3 may almost converge to
1 when Z_>>7_. In this case, Equation 3 becomes equal to
Equation 1. However, when the sizes of the electrodes 1104,
1105, 110¢, and 1104 of the electrode unit 110 are reduced,
the condition of Z_>>7 . may not be satisfied. Further, when
the condition of Z>>7_ is not satisfied, Equation 1 and
Equation 3 become different from each other. Therefore,
when the apparatus 100 for measuring a bio signal is
miniaturized, an influence of the internal impedance Zs of
the current source 122 may increase.

[0099] The mode controller 130 may switch the imped-
ance measurer 120 to the second mode by switching the first
switch 126a and the second switch 1264 of the impedance
measurer 120 to a closed state. When taking into account the
internal impedance 128, the circuit diagram according to the
second mode illustrated in FIG. 3 may be changed into the
circuit diagram of FIG. 5.

[0100] FIG. 5 is a circuit diagram illustrating the imped-
ance measurer 120 and the electrode unit 110 according to
the second mode when taking into account an internal
impedance Zs.

[0101] Referring to FIG. 5, the first electrode 110« and the
second electrode 1105 are short-circuited and may be treated
as one electrode. In this case, contact impedance between
the first electrode 1104 and an examinee and contact imped-
ance between the second electrode 1105 and the examinee
are parallel-connected and thus may be treated as one
contact impedance (¥2xZc). Also, the third electrode 110c¢
and the fourth electrode 1104 are short-circuited and may be
treated as one electrode. In this case, contact impedance
between the third electrode 110¢ and the examinee and
contact impedance between the fourth electrode 1104 and
the examinee are parallel-connected and thus may be treated
as one contact impedance (Y2x7Zc). The second impedance
7, measured according to the second mode illustrated in
FIG. 5 may be expressed by Equation 4.
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1 Equation 4
1 1 1
In+Z, Z Z

Zp =

[0102] In Equations 3 and 4, Z,, and Z,, are measured
values, and Zi is a value determined depending on a char-
acteristic of the AFE. Therefore, Zm and Zc¢ may be calcu-
lated by simultaneously solving Equations 3 and 4, and even
when a value of Zc is not known or not calculated, Zm may
be calculated.

[0103] The impedance measurer 120 may transfer infor-
mation regarding a measurement result of the first imped-
ance value Z,, and a measurement result of the second
impedance value Z,, to the bio impedance obtainer 140.
Exemplarily, the ADC 129 of the impedance measurer 120
may convert a voltage value measured by the voltmeter 124
into a digital signal and transmit the digital signal to the bio
impedance obtainer 140. Since the magnitude of an output
current of the current source 122 is constant, the bio imped-
ance obtainer 140 may obtain the first and second impedance
values 7, and Z,, from the transmitted voltage value. As
another example, the ADC 129 may convert a value obtained
by dividing a voltage value measured by the voltmeter 124
by an output current value of the current source 122 into a
digital signal and transmit the digital signal to the bio
impedance obtainer 140.

[0104] Thebio impedance obtainer 140 may obtain the bio
impedance Zm from the first impedance value Z,,, the
second impedance value 7, p, and the internal impedance Zs.
[0105] FIG. 6 is a circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0106] Referring to FIG. 6, the ADC 129 of the impedance
measurer 120 may convert the magnitude of a measured
voltage or an impedance value obtained from the magnitude
of the voltage into a digital signal and transfer the digital
signal to the bio impedance obtainer 140. The bio impedance
obtainer 140 may include a central processing unit (CPU)
141 for calculating bio impedance Zm. The CPU 141 may
calculate the bio impedance Zm by simultaneously solving
Equations 3 and 4. Exemplarily, the CPU 141 of the bio
impedance obtainer 140 may calculate the bio impedance
Zm by using Equation 5.

B+7Z)B+7Z5)
P70 CB+Z + 75+ 1,75

Equation 5
Zn =2y

[0107] In Equation 5, f may be defined by Equation 6
below.
2 Equation 6
S T
Zw 7 Zs
[0108] As another example, the bio impedance obtainer

140 may obtain the bio impedance Zm by using a lookup
table or other predetermined information source) without
directly calculating the bio impedance Zm. For example, the
bio impedance Zm may be stored internally by the bio
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impedance obtainer 140, may be received from an external
source over a network connection (e.g., over the Internet or
a LAN), etc.

[0109] FIG. 7 is another circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0110] Referring to FIG. 7, the bio impedance obtainer
140 may obtain bio impedance by using a lookup table 146.
[0111] The bio impedance obtainer 140 may include two
switches 142a and 1425, two registers 144a and 1444, and
the lookup table 146. Whether the two switches 142a and
1425 are connected may be determined depending on a state
of the impedance measurer 120. For example, when the
impedance measurer 120 is operating according to the first
mode, the upper switch 1424 is closed, and the lower switch
1425 may be open. Also, when the impedance measurer 120
is operating according to the second mode, the upper switch
1424 may be open and the lower switch 1425 may be closed.
[0112] The registers 144a and 1445 store a voltage value
or an impedance value. For example, a voltage value or an
impedance value measured during operation of the first
mode may be stored in the upper register 144a, and a voltage
value or an impedance value measured during operation of
the second mode may be stored in the lower register 1444.
[0113] The lookup table 146 may receive values of a
voltage or impedance stored in the registers 144a and 1445
and output bio impedance. For example, when values of two
voltages are input, the lookup table 146 may determine a
value corresponding to the two voltage values. As another
example, when the first and second impedance values 7.,
and Z,, are input, the lookup table 146 may determine a
value corresponding to the first and second impedance
values Z,, and Z, ..

[0114] The determined value represents bio impedance.
For example, the lookup table 146 may store a 2x2-table
regarding values of two voltages. As another example, the
lookup table 146 may store a 2x2-table regarding the first
and second impedance values Z,, and Z,,.

[0115] A horizontal axis may represent a voltage or a first
impedance value 7, measured according to the first mode,
and a vertical axis may represent a voltage or a second
impedance value Z,, measured according to the second
mode. When a value of the horizontal axis and a value of the
vertical axis are determined, the lookup table 146 may
determine bio impedance Zm corresponding to the value of
the horizontal axis and the value of the vertical axis.
[0116] FIG. 8is a graph illustrating experiment results that
compare the case of taking into account an internal imped-
ance Zs of a current source 122 with the case of not taking
into account the internal impedance Zs of the current source
122.

[0117] In FIG. 8, a horizontal axis represents a contact
impedance value Zc between the electrodes 110a, 1105,
110c, and 1104, and a surface of an examinee. Also, a
vertical axis represents an obtained bio impedance value
Zm. FIG. 8 represents results of measuring the same bio
impedance Zm (about 1 kQ) while changing the magnitude
of contact impedance Z¢. According to an experiment shown
in FIG. 9, Zi=2M® and Zs=50k{2 have been set. A graph G1
of FIG. 8 represents results of obtaining bio impedance Zm
by taking into account internal impedance Zs according to
an exemplary embodiment. A graph G2 represents results of
obtaining bio impedance Zm without taking into account the
internal impedance.
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[0118] Referring to FIG. 8, the graph G2 shows that when
a contact impedance value Zc gradually increases, an
obtained bio impedance value Zm gradually decreases. Even
though the experiment has been performed on the same
examinee, when not taking into account the internal imped-
ance Zs of the current source 122, the obtained bio imped-
ance value Zm may differ from an actual value depending on
the contact impedance value Zc. For example, an error rate
between a bio impedance value Zm obtained by the graph
G2 while contact impedance Zc is 3 K2 and an actual value
is about 10.2%.

[0119] Unlike the graph G2, the graph G1 shows that an
obtained bio impedance value Zm is almost constant regard-
less of contact impedance value Zc. That is, when the bio
impedance Zm is obtained by taking into account the
internal impedance Zs, the accuracy of the obtained bio
impedance value Zm may be high even when contact
impedance Zc is large. For example, an error rate between
a bio impedance value Zm obtained by the graph G1 while
contact impedance Z¢ is 3 K€2 and an actual value is merely
about 1.7%.

[0120] In the above explanation, a principle in which the
apparatus 100 for measuring a bio signal measures bio
impedance Zm according to an exemplary embodiment has
been described with reference to FIGS. 4 to 8. According to
the above-described exemplary embodiments, the apparatus
100 for measuring a bio signal may measure the first and
second impedance values 7, and Z,, from the examinee
while changing the mode of the impedance measurer 120.
Also, the apparatus 100 for measuring a bio signal may
remove an unwanted effect of the contact impedance Zc
from the first and second impedance values 7, and 7,5, and
obtain the bio impedance Zm of the examinee. The appa-
ratus 100 for measuring a bio signal may obtain the bio
impedance Zm by taking into account the internal imped-
ance Zs of the current source 122. By doing so, the apparatus
100 for measuring a bio signal may obtain the bio impedance
value Zm with high accuracy regardless of the contact
impedance value Zc.

[0121] In the above description, the internal impedance Zs
parallel-connected to the current source 122 has been treated
as an already known constant value. However, the internal
impedance Zs may change depending on the magnitude of a
voltage applied to both ends of the current source 122. The
reason why the internal impedance Zs changes is that an
output characteristic of an internal device of the current
source 122 may change depending on the magnitude of a
voltage applied to both ends of the current source 122.
Exemplarily, the current source 122 may include a plurality
of transistors. An ideal transistor may maintain the constant
magnitude of an output current in a saturation region.
However, in an actual transistor, a ratio of a voltage and a
current may gradually change in the saturation region.
[0122] FIG. 9 is a graph illustrating relation between a
voltage applied to a current source 122 and an output current
of the current source 122.

[0123] In FIG. 9, a horizontal axis represents a voltage
applied to both ends of the current source 122, and a vertical
axis represents an output current of the current source 122.
Referring to FIG. 9, as a voltage applied to both ends of the
current source 122 increases, an output current of the current
source 122 gradually changes, and when the voltage exceeds
a threshold, the output current is rapidly reduced. In a
section in which the output current is rapidly reduced, it is
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understood that a transistor of the current source 122 has
reached a breakdown region. In contrast, in a section in
which the output current gradually changes, the transistor of
the current source 122 is operating in the saturation region.
For a voltage value used for an experiment, a voltage value
in the saturation region may be used.

[0124] Unlike an ideal transistor, in an actual transistor, an
output current value may slightly change due to a change of
avoltage value in the saturation region. As a result, an output
current of the current source 122 may change due to a
change of a voltage value applied to both ends of the current
source 122. This effect may be considered as an equivalent
of changing the internal impedance Zs parallel-connected to
the current source 122. Therefore, the bio impedance
obtainer 140 may improve the accuracy of an obtained bio
impedance value Zm by setting the internal impedance value
7Zs differently depending on a voltage applied to the current
source 122 when obtaining the bio impedance value Zm.

[0125] However, setting the internal impedance value Zs
differently every time the circuit operates, as described
above, may be a considerably inconvenient operation. The
impedance measurer 120 may further include a current
source parallel impedance that is parallel-connected to the
current source 122 and changes an effective value of the
internal impedance Zs of the current source 122.

[0126] FIG. 10 is another circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0127] Referring to FIG. 10, the impedance measurer 120
may further include a current source parallel impedance
Z oy 127 that is parallel-connected to the current source
122 and changes an effective value of the internal impedance
Zs of the current source 122. In the circuit diagram illus-
trated in FIG. 10, the internal impedance Zs of the current
source 122 and the current source parallel impedance Z .
may be synthesized in parallel. Therefore, an effective value
of the internal impedance of the current source 122 may
change. The changed effective value of the internal imped-
ance may be expressed by Equation 7.

ZsZsgxt
Zs + Zsext

Equation 7

ZsgrF =

[0128] In Equation 7, 7o pr is an effective value of the
internal impedance of the current source 122, and is a
synthesized impedance of the internal impedance Zs and the
current source parallel impedance Z .-

[0129] When the internal impedance 7Zs changes, an
amount of change in the effective value 7 of the internal
impedance Zs may be less than an amount of change in the
internal impedance Zs. A rate of change in the effective value
7 o of the internal impedance Zs with respect to a change
in the internal impedance Zs may be expressed by Equation
8.

dZsgrr _[ Zsgxt

2 Equation §
dzs Zs + Zsgxr ]
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[0130] Equation 8 shows that a value of

dZsgrr
dZg

is always less than 1. This result thus indicates that an
amount of change in the effective value 7 .- of the internal
impedance Zs is less than an amount of change in the
internal impedance Zs. Furthermore, according to Equation
8, when a value of the current source parallel impedance
7 oz 18 small, the value of

dZsgrr
dZs

becomes smaller to a greater degree. However, when the
value of the current source parallel impedance Z gy 18 100
small, a current amount supplied to the electrode unit 110
may be insufficient. Therefore, the value of the current
source parallel impedance 7., may be appropriately
adjusted so that the current amount supplied to the electrode
unit 110 is not insufficient while a rate of change in the
effective value 7. of the internal impedance Zs is main-
tained to be small (e.g., smaller than a predetermined
threshold). For example, the magnitude of the current source
parallel impedance 7z, may be less than that of the
internal impedance Zs.

[0131] FIG. 11 is a graph illustrating a change of a current
amount supplied to an electrode unit 110, where the change
of the current amount depends on a change of the first
impedance value 7, without the current source parallel
impedance Zg,, 127.

[0132] In FIG. 11, a horizontal axis represents the mag-
nitude of the first impedance value 7,, measured by the
impedance measurer 120. A vertical axis represents a current
1, (see FIG. 4) supplied to the electrode unit 110 from among
a current output from the current source 122.

[0133] Referring to FIG. 11, it is shown that when the
magnitude of the first impedance value Z,, increases, the
magnitude of the current supplied to the electrode unit 110
changes irregularly. This result is because the internal
impedance Zs of the current source 122 changes irregularly.
Therefore, to compensate for this irregularity, the bio imped-
ance obtainer 140 should set the internal impedance Zs of
the current source 122 each time that a measurement envi-
ronment changes, and this operation may consume time and
calculation resources.

[0134] FIG. 12 is a graph illustrating a change of a current
amount supplied to the electrode unit 110 depending on a
change of the first impedance value 7,, with a current
source parallel impedance 7., 127 connected.

[0135] In FIG. 12, a horizontal axis represents the mag-
nitude of the first impedance value Z,, measured by the
impedance measurer 120. A vertical axis represents a current
1, (see FIG. 4) supplied to the electrode unit 110 from among
a current output from the current source 122.

[0136] Referring to FIG. 12, it is shown that when the
magnitude of the first impedance value Z,, increases, a
graph of a change in the magnitude of the current supplied
to the electrode unit 110 may be approximately a straight
line. This result is because the effective value Z gz zr- of the
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internal impedance Zs nearly does not change at all, and thus
the current substantially depends on only the first impedance
value Z,p. Therefore, the bio impedance obtainer 140 may
obtain the bio impedance value Zm without changing the
effective value Zg. . of the internal impedance Zs of the
current source 122 even when a measurement environment
changes. Also, since the graph of FIG. 12 represents a
straight line, prediction of the current amount supplied to the
electrode unit 110 may be easy.

[0137] FIGS. 4 to 12 describe an example in which contact
impedances of the first to fourth electrodes 110a, 1105, 110¢,
and 1104 are the same. However, depending on various
criteria, such as user intentions, examinee characteristics,
environmental characteristics, hardware factors, etc., the
contact impedances of the first to fourth electrodes 1104,
1105, 110¢, and 1104 may not be the same.

[0138] FIG. 13 is another circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0139] Referring to FIG. 13, contact impedance with
respect to an examinee may be different for respective
electrodes 110a, 1105, 110c, and 1104. F1G. 13 illustrates the
case where one contact impedance is represented as a
multiple of another contact impedance. For example, in the
case where the area of the first and fourth electrodes 110a
and 1104 are less than the area of the second and third
electrodes 1104 and 110¢ by 1/k times, the contact imped-
ances of the second and third electrodes 1105 and 110¢ may
be represented by Zc, and the contact impedances of the first
and fourth electrodes 110a and 110d may be represented by
kxZc.

[0140] FIG. 14 is a circuit diagram for explaining a state
in which the impedance measurer 120 is operating according
to the second mode.

[0141] Referring to FIG. 14, the first and second switches
1264 and 1265 may be switched to a closed state, so that the
first electrode 110a and the second electrode 1105 may be
short-circuited, and the third electrode 110c¢ and the fourth
electrode 1104 may be short-circuited. When the first elec-
trode 1104 and the second electrode 1105 are short-circuited,
contact impedance kxZc of the first electrode 110a and
contact impedance Zc¢ of the second electrode 1106 are
parallel-connected, so that a synthesized impedance value of
kZc/(k+1) may be obtained. Also, when the third electrode
110¢ and the fourth electrode 1104 are short-circuited,
contact impedance Zc of the third electrode 110c and contact
impedance kxZc of the fourth electrode 1104 are parallel-
connected, so that a synthesized impedance value of kZc¢/
(k+1) may be obtained.

[0142] Theimpedance measurer 120 may measure the first
impedance value Z,, according to the first mode illustrated
in FIG. 13, and measure the second impedance value Z,,
according to the second mode illustrated in FIG. 14. Also,
the bio impedance obtainer 140 may obtain the bio imped-
ance Zm by compensating for a contact impedance effect of
the electrodes 110a, 1105, 110¢, and 110d by taking into
account the first and second impedance values Z,, and Z,,
and the internal impedance Zs of the current source 122.
When the bio impedance obtainer 140 obtains the bio
impedance Zm, Equation 9 may be used.
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[0143] In Equation 9, f is defined by Equation 6. The bio
impedance obtainer 140 may directly calculate the bio
impedance Zm by using Equation 9 or obtain the bio
impedance Zm by using the lookup table 146 or other
information source which functions in a similar fashion as
the lookup table 146.

[0144] Inthe above-described example, a multiple relation
is established between contact impedances as a result of
comparison of the cross-sectional areas of the electrodes
110a, 1105, 110¢, and 110d. However, depending on the
cases, a multiple relation may not be established.

[0145] FIG. 15 is a circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0146] Referring to FIG. 15, all contact impedances Zcl,
7¢2, 7¢3, and Zc4 of the first to fourth electrodes 110a,
1105, 110¢, and 1104 may have different values, respec-
tively. Unlike FIG. 4, since all the contact impedances Zcl,
7¢2, 7¢3, and Zc4 have different values in the circuit
diagram of FIG. 15, there are five unknowns Zm, Zcl, Zc2,
7¢3, and Zc4 in total. Therefore, the mode controller 130
illustrated in FIG. 1 may control the impedance measurer
120 in five modes. The mode controller 130 may control the
impedance measurer 120 under the first mode as illustrated
in FIG. 15. Under the first mode, the current source 122 may
be connected between the first electrode 1104 and the fourth
electrode 1104, and the voltmeter 124 may be connected
between the second electrode 1105 and the third electrode
110c. The first impedance Z1 measured under the first mode
may be expressed by Equation 10.
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[0147] FIG. 16 is a circuit diagram for explaining a state
in which an impedance measurer 120 is operating according
to the second mode. The bio impedance Zm may be mea-
sured at a 2-point when operating according to the second
mode illustrated in FIG. 14, or alternatively, the bio imped-
ance 7Zm may be measured at a 3-point when operating
according to the second mode illustrated in FIG. 16.

[0148] Referring to FIG. 16, according to the second
mode, the current source 122 may be connected between the
second electrode 1105 and the fourth electrode 1104. The
mode controller 130 may switch the first switch 1264 to a
closed state so that the current source 122 may be connected
between the second electrode 1105 and the fourth electrode
110d. Also, the voltmeter 124 may be connected between the
second electrode 1105 and the third electrode 110¢. Also, the
first electrode 110a may be electrically disconnected from
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the current source 122. The mode controller 130 may switch
the third switch 126¢ to an open state so that the first
electrode 110a may be electrically disconnected from the
current source 122. When the first electrode 110¢ is electri-
cally disconnected from the current source 122, a current
may not flow through the first electrode 110a. When the
current does not flow through the first electrode 110q,
3-point measurement may be performed according to the
second mode. A second impedance value 7, measured
according to the second mode may be expressed by Equation
11.
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[0149] FIG. 17 is a circuit diagram for explaining a state

in which an impedance measurer 120 operates according to
a third mode.

[0150] Referring to FIG. 17, when operating according to
the third mode, the current source 122 may be connected
between the first electrode 110a and the fourth electrode
110d. Also, the voltmeter 124 may be connected between the
first electrode 110a and the third electrode 110c. The mode
controller 130 may switch the first switch 126a to a closed
state so that the voltmeter 124 may be connected between
the first electrode 110a and the third electrode 110c. Also,
the second electrode 1105 may be electrically disconnected
from the current source 122. The mode controller 130 may
switch the fourth switch 1264 to an open state so that the
second electrode 1105 may be electrically disconnected
from the current source 122. When the second electrode
1104 is electrically disconnected from the current source
122, a current may not flow through the second electrode
1105. When the current does not flow through the second
electrode 1105, a 3-point measurement may be performed
according to the third mode. A third impedance value 7,
measured according to the third mode may be expressed by
Equation 12.
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[0151] FIG. 18 is a circuit diagram for explaining a state

in which an impedance measurer 120 operates according to
a fourth mode.

[0152] Referring to FIG. 18, when operating according to
the fourth mode, the current source 122 may be connected
between the first electrode 110a and the fourth electrode
110d. Also, the voltmeter 124 may be connected between the
second electrode 1105 and the fourth electrode 1104. The
mode controller 130 may switch the second switch 1265 to
a closed state so that the voltmeter 124 may be connected
between the second electrode 1105 and the fourth electrode
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110d. Also, the third electrode 110c may be electrically
disconnected from the current source 122. The mode con-
troller 130 may switch a fifth switch 126 to an open state
so that the third electrode 110¢ may be electrically discon-
nected from the current source 122. When the third electrode
110c¢ is electrically disconnected from the current source
122, a current may not flow through the third electrode 110¢.
When the current does not flow through the third electrode
110¢, a 3-point measurement may be performed according to
the fourth mode. A fourth impedance value Z, measured
according to the fourth mode may be expressed by Equation
13.
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[0153] FIG. 19 is a circuit diagram for explaining a state

in which an impedance measurer 120 operates according to
a fifth mode.

[0154] Referring to FIG. 19, when operating according to
the fifth mode, the current source 122 may be connected
between the first electrode 110a and the third electrode 110c¢.
The mode controller 130 may switch the second switch 1265
to a closed state so that the current source 122 may be
connected between the first electrode 110a and the third
electrode 110c. Also, the voltmeter 124 may be connected
between the second electrode 1105 and the third electrode
110c. Also, the fourth electrode 1104 may be electrically
disconnected from the current source 122. The mode con-
troller 130 may switch a sixth switch 126/to an open state
so that the fourth electrode 1104 may be electrically discon-
nected from the current source 122. When the fourth elec-
trode 1104 is electrically disconnected from the current
source 122, a current may not flow through the fourth
electrode 1104. When the current does not flow through the
fourth electrode 1104, a 3-point measurement may be pet-
formed according to the fifth mode. A fifth impedance value
75 measured according to the fifth mode may be expressed
by Equation 14.
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[0155] In the above, FIGS. 16 to 19 illustrate an example

of making a 3-point measurement by electrically discon-
necting one of the first to fourth electrodes 110a, 1105, 110c,
and 1104 from the current source 122. However, exemplary
embodiments are not limited thereto. For example, a 3-point
measurement may be made by separating one of the first to
fourth electrodes 110q, 1105, 110c¢, and 1104 from the
examinee. Additionally, the exemplary embodiments are not
limited to using four electrodes, and other numbers of
electrodes (e.g.. five, six, eight, etc.) may be used according
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to other exemplary embodiments. When four electrodes are
used, exemplary embodiments may improve the accuracy of
the four points probe method (also referred to as four
terminal sensing or 4T sensing) by considering an internal
impedance of the impedance measurer 120.

[0156] When the impedance measurer 120 measures the
first to fifth impedance values Z, Z,,, Z,, Z,,, and Z, the bio
impedance obtainer 140 may obtain the bio impedance Zm
by compensating for an effect of contact impedances Zcl,
7¢2, 7¢3, and Zc4 in the first to fifth impedance values Z,,
Z,,7,,7,,and Z,. The bio impedance obtainer 140 may take
into account the internal impedance Zs of the current source
122 when compensating for the effect of the contact imped-
ances Zcl, 7c2, 7¢3, and Zc4. Exemplarily, the bio imped-
ance Zm may be obtained by simultaneously solving Equa-
tions 10 to 14. In Equations 10 to 14, the first to fifth
impedance values 7, 7, Z,, 7., and Z.; are measured values
and Zi is a value determined depending on a characteristic
of the AFE. Therefore, Zc1, Zc2, Zc3, Zc4, and Zm may be
calculated by simultaneously solving Equations 10 to 14,
and even when values of Zcl, Z¢2, 7Zc3, and Zc4 are not
known or not calculated, Zm may be calculated. The bio
impedance obtainer 140 may directly calculate simultaneous
Equations 10 to 14 in order to obtain the bio impedance Zm.
As another example, the bio impedance obtainer 140 may
obtain the bio impedance Zm by using the lookup table 146
illustrated in FIG. 8. The lookup table 146 may output the
bio impedance value Zm from the first to fifth impedance
values 7, Z,, 7, Z.,, and Z or voltage values Vm measured
under the first to fifth modes.

[0157] Referring to FIG. 4 again, the exemplary embodi-
ment illustrated in FIG. 4 changes the equations which the
bio impedance obtainer 140 uses for obtaining the bio
impedance Zm from Equations 1 and 2 to Equations 3 and
4 in order to compensate for a difference between the output
current I of the current source 122 and the current I, supplied
to the electrode unit 110. However, exemplary embodiments
are not limited thereto. For example, the bio impedance
obtainer 140 may not use the internal impedance Zs when
obtaining the bio impedance Zm.

[0158] FIGS. 20 and 21 are circuit diagrams for explaining
an apparatus 100 for measuring a bio signal according to an
exemplary embodiment. FIG. 20 illustrates a state in which
an impedance measurer 120 operates according to the first
mode, and FIG. 21 illustrates a state in which the impedance
measurer 120 operates according to the second mode.
[0159] Referring to FIGS. 20 and 21, the impedance
measurer 120 may include an amperemeter 125 for measur-
ing the current I; supplied to the electrode unit 110. The
amperemeter 125 may be disposed between the current
source 122 and the electrode unit 110. Also, a second ADC
129 for converting the magnitude of a measured current into
a digital signal may be connected to the amperemeter 125.
The first impedance value Z,, may be determined by divid-
ing a voltage value Vm measured by the voltmeter 124 by
a current value I, measured by the amperemeter 125.
[0160] In the above description of FIGS. 4 and 5, the first
and second impedance values 7, and 7, are described as
being determined by dividing a voltage Vm by an output
current I of the current source 122. Therefore, Equations 3
and 4, which are equations used to calculate the first and
second impedance values 7, and Z,p, include a factor that
depends on the internal impedance Zs of the current source
122.
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[0161] In contrast, in the exemplary embodiment illus-
trated in FIGS. 20 and 21, the first and second impedance
values 7, and 7, may be determined by dividing a voltage
Vm by a current I, measured by the amperemeter 125. In this
case, the first and second impedance values 7, and 7, may
be expressed by Equations 1 and 2. Equations 1 and 2 do not
include a factor that depends on the internal impedance Zs
of the current source 122. That is, the bio impedance
obtainer 140 may obtain the bio impedance Zm by simul-
taneously solving Equations 1 and 2 even without using the
internal impedance Zs of the current source 122.

[0162] FIG. 22 is another circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0163] Referring to FIG. 22, a first ADC 129a of the
impedance measurer 120 may convert the magnitude of a
voltage measured by the voltmeter 124 into a digital signal
and transfer the digital signal to a CPU 141 of the bio
impedance obtainer 140. Also, a second ADC 1295 may
convert the magnitude of a current measured by the
amperemeter 125 into a digital signal and transfer the digital
signal to the CPU 141 of the bio impedance obtainer 140.
The CPU 141 may calculate the first and second impedance
values Z,, and Z,, from input voltage value and current
value. The CPU 141 may calculate the bio impedance Zm by
solving simultaneous Equations 1 and 2.

[0164] For another example, the bio impedance obtainer
140 may obtain the bio impedance Zm by using a lookup
table instead of directly calculating the bio impedance Zm.

[0165] FIG. 23 is another circuit diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0166] Referring to FIG. 23, the bio impedance obtainer
140 may include an impedance determiner 145. The imped-
ance determiner 145 may determine the first and second
impedance values 7,, and Z,, by receiving information
regarding measured voltage and current from the impedance
measurer 120. Exemplarily, the impedance determiner 145
may include a first impedance determining unit (e.g., first
impedance determiner) 145a and a second impedance deter-
mining unit (e.g., second impedance determiner) 145b.

[0167] The first ADC 129a may convert the magnitude of
avoltage measured by the voltmeter 124 into a digital signal.
The second ADC 1295 may convert the magnitude of a
current measured by the amperemeter 125 into a digital
signal. Connections between the first and second ADCs
129a and 1294, and the first and second impedance deter-
miners 145a and 145b, may change depending on a con-
nection state of switches 142a, 1425, 143a, and 1434.

[0168] Forexample, while the impedance measurer 120 is
operating according to the first mode, the upper switches
142a and 143a may be closed, and the lower switches 1425
and 1435 may be open. The first impedance determiner 145
may receive voltage and current values measured according
to the first mode and determine the first impedance value
Z,p

[0169] While the impedance measurer 120 is operating
according to the second mode, the upper switches 142a and
143a may be open, and the lower switches 1425 and 1435
may be closed. The second impedance determiner 1455 may
receive voltage and current values measured according to
the second mode and determirne the second impedance value
Zop
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[0170] The lookup table 146 may receive first and second
impedance values Z,, and 7, determined by the first and
second impedance measurers 145a and 1455 and output bio
impedance Zm.

[0171] In the above, the method of obtaining the bio
impedance Zm of the examinee at the apparatus 100 for
measuring a bio signal has been described. The apparatus
100 for measuring a bio signal may output bio information
of the examinee based on the bio impedance Zm.

[0172] FIG. 24 is a block diagram for explaining an
apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0173] Referring to FIG. 24, the apparatus 100 for mea-
suring a bio signal may further include a bio information
output unit 150 (e.g., bio information outputter) for output-
ting bio information of an examinee from bio impedance
Zm. The bio information output member 150 may output the
bio information such as a body fat amount, a basal metabolic
amount, a skeletal muscle amount, a blood flow amount,
breathing, a heart rate, and heart rate variation of the
examinee. Exemplarily, the bio information output member
150 may output the bio information of the examinee by
using body information of the examinee and the bio imped-
ance Zm obtained by the bio impedance obtainer 140. Here,
the body information of the examinee may include infor-
mation indicating many different characteristics of the
examinee, e.g, an age, height, weight, etc., of the examinee.
[0174] FIGS. 25 and 26 are perspective views illustrating
an implementation of an apparatus 100 for measuring a bio
signal.

[0175] Referring to FIGS. 25 and 26, the apparatus 100 for
measuring a bio signal may be implemented in the form of
a wearable apparatus such as a smart watch wearable on a
wrist, a smart ring wearable on a finger, or many other types
of smart devices which may or may not be wearable by a
user, €.g., smart jewelry, smart shoes, headware, glasses, etc.
In the case of a 2-point measurement method, the electrodes
110a, 1105, 110¢, and 1104 may be located inside the
apparatus 100 for measuring a bio signal. When a user wears
the apparatus 100 for measuring a bio signal on his wrist, the
electrodes 110a, 1105, 110¢, and 1104 may contact the skin
of a wrist portion.

[0176] FIG. 27 is a flowchart illustrating a method of
measuring a bio signal according to an exemplary embodi-
ment.

[0177] Referring to FIG. 27, the apparatus 100 for mea-
suring a bio signal may measure the first and second
impedance values Z,, and Z,, while changing a measure-
ment mode of the impedance measurer 120. Also, the
apparatus 100 for measuring a bio signal may obtain bio
impedance Zm of the examinee from the first and second
impedance values Z,, and Z,, and the internal impedance
Zs of the current source 122. Also, the apparatus 100 for
measuring a bio signal may output bio information of the
examinee based on the obtained bio impedance Zm.
[0178] In operation S1110, the electrodes 110a, 1105,
110¢, and 1104 of the electrode unit 110 may be positioned
to contact a surface (e.g., skin) of the examinee. All of the
electrodes 110a, 1105, 110¢, and 1104 may contact the
surface of the examinee, or alternatively, only a portion of
the electrodes 110a, 1105, 110¢, and 1104 may contact the
surface of the examinee.

[0179] In operation 1120, the mode controller 130 may
switch the impedance measurer 120 to the first mode.
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Exemplarily, according to the first mode, the impedance
measurer 120 may be switched to a state illustrated in FIG.
4. The mode controller 130 may control the switches 126a
and 1265 of the impedance measurer 120 in order to control
the mode of the impedance measurer 120.

[0180] In operation 1130, the impedance measurer 120
may measure the first impedance value Z,,. Exemplarily, as
illustrated in FIG. 4, the impedance measurer 120 may
measure the first impedance value Z,, by measuring a
voltage Vm between the electrodes 110¢ and 1104 by using
the voltmeter 124.

[0181] In operation 1140, the mode controller 130 may
switch the impedance measurer 120 to the second mode.
Exemplarily, when operating according to the second mode,
the impedance measurer 120 may be switched to a state
illustrated in FIG. 5. However, this configuration shown in
FIG. 5 is only exemplary and exemplary embodimernts are
not limited thereto. The configuration of the circuits accord-
ing to the second mode may be an configuration which
enables the impedance measurer 120 to measure an imped-
ance value different from the impedance value of the first
mode. Therefore, the impedance measurer 120 may be
switched to a state different from the state illustrated in FIG.
5.

[0182] In operation 1150, the impedance measurer 120
may measure the second impedance value 7, .. Exemplarily,
as illustrated in FIG. 5, the impedance measurer 120 may
measure the second impedance value Z,, by measuring a
voltage Vm between the electrodes 110¢ and 1104 by using
the voltmeter 124.

[0183] In operation 1160, the bio impedance obtainer 140
may obtain bio impedance Zm from the first and second
impedance values Z,, and Z,, and the internal impedance
Zs of the current source 122. Since, when obtaining the bio
impedance Zm, the bio impedance obtainer 140 takes into
account the internal impedance Zs of the current source 122,
the accuracy of the obtained bio impedance Zm may be
improved.

[0184] Inoperation 1170, the bio information output mem-
ber 150 may output bio information of the examinee from
the bio impedance Zm. The bio information of the examinee
output by the bio information output member 150 may
include many different indicators of physical characteristics
of the examinee, such as a body fat amount, a basal
metabolic amount, a skeletal muscle amount, a blood flow
amount, a breathing rate, a heart rate, heart rate variation,
etc., of the examinee. The bio information output member
150 may output the bio information of the examinee via a
display unit as illustrated in FIG. 25.

[0185] FIG. 27 illustrates an example in which the imped-
ance measurer 120 measures the first and second impedance
values 7, and 7, under two modes. However, a number of
modes according to which the impedance measurer 120
measures impedance may be more than two. For example, as
illustrated in FIG. 15, in the case where all of the contact
impedances Zcl, Zc2, Z¢3, and Zc4 of the electrodes 110q,
1105, 110c, and 1104 are different from each other, the mode
controller 130 may control the impedance measurer 120
using more than two modes.

[0186] FIG. 28 is a flowchart illustrating a method of
measuring a bio signal according to an exemplary embodi-
ment.

[0187] Referring to FIG. 28, the method of measuring a
bio signal may measure the first to fifth impedance values
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7,,7,, 75, 7,, and Zs while changing a measurement mode
of the impedance measurer 120.

[0188] In operation 1220, the mode controller 130 may
switch the impedance measurer 120 to the first mode as
illustrated in FIG. 15. Also, the impedance measurer 120
may measure the first impedance value Z, under the first
mode. The impedance measurer 120 may measure the first
impedance value Z, by measuring a voltage by using the
voltmeter 124.

[0189] In operation 1230, the mode controller 130 may
switch the impedance measurer 120 to the second mode as
illustrated in FIG. 16. Also, the impedance measurer 120
may measure the second impedance value Z, while operat-
ing according to the second mode. According to the second
mode, a 3-point measurement may be performed with the
first electrode 110a not being used for impedance measure-
ment.

[0190] In operation 1240, the mode controller 130 may
switch the impedance measurer 120 to the third mode as
illustrated in FIG. 17. Also, the impedance measurer 120
may measure the third impedance value Z, according to the
third mode. According to the third mode, a 3-point mea-
surement may be performed with the second electrode 1105
not being used for impedance measurement.

[0191] In operation 1250, the mode controller 130 may
switch the impedance measurer 120 to the fourth mode as
illustrated in FIG. 18. Also, the impedance measurer 120
may measure the fourth impedance value 7, according to the
fourth mode. According to the fourth mode, a 3-point
measurement may be performed with the third electrode
110¢ not being used for impedance measurement.

[0192] In operation 1260, the mode controller 130 may
switch the impedance measurer 120 to the fifth mode as
illustrated in FIG. 19. Also, the impedance measurer 120
may measure the fifth impedance value Z5 according to the
fifth mode. According to the fifth mode, a 3-point measure-
ment may be performed with the fourth electrode 1104 not
being used for impedance measurement.

[0193] In operation 1270, the bio impedance obtainer 140
may obtain the bio impedance Zm from the first to fifth
impedance values Z,, Z,, Z5, Z,, and Z; and the internal
impedance Zs of the current source 122. The bio impedance
obtainer 140 may calculate Zc1, Zc2, Zc3, Zc4, and Zm by
simultaneously solving Equations 10 to 14, and even when
values of Zcl, Z¢2, Zc3, and Zc4 are not known or not
calculated, the bio impedance obtainer 140 may calculate
Zm, Also, the bio impedance obtainer 140 may output the
bio impedance value Zm by using a lookup table instead of
directly calculating the bio impedance value Zm.

[0194] FIG. 29 is a flowchart illustrating a method of
measuring a bio signal according to an exemplary embodi-
ment.

[0195] Referring to FIG. 29, the impedance measurer 120
may measure not only a voltage between the electrodes 1105
and 110¢ but also a current amount supplied to the electrode
unit 110 under each mode. Also, the first and second
impedance values 7, and 7, may be determined by taking
into account not only a voltage Vm measured by the
voltmeter 124 but also a current I, measured by the
amperemeter 125 according to each mode.

[0196] Hereinafter, respective operations of FIG. 29 are
described with reference to FIGS. 20 to 23.

[0197] In operation 1310, the electrodes are positioned to
contact a surface of the examinee.
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[0198] 1In operation 1320, the mode controller 130 may
switch the impedance measurer 120 to the first mode as
illustrated in FIG. 20.

[0199] In operation 1330, the amperemeter 125 of the
impedance measurer 120 may measure a current amount I,
supplied to the electrode unit 110. The amperemeter 125
may measure the current amount I, thereby reflecting a
change of the current amount I; supplied to the electrode umt
110 due to the internal impedance Zs of the current source
122 while obtaining the bio impedance Zm.

[0200] In operation 1340, the bio impedance obtainer 140
may determine the first impedance value Z,,, from a voltage
Vm and the current [, measured according to the first mode.
The bio impedance obtainer 140 may determine the first
impedance value 7, by using the CPU 141 as illustrated in
FIG. 22. As illustrated in FIG. 23, the bio impedance
obtainer 140 may include the first impedance determiner
1454 that determines the first impedance value 7.

[0201] In operation 1350, the mode controller 130
switches the impedance measurer 120 to the second mode as
illustrated in FIG. 21.

[0202] In operation 1360, the amperemeter 125 of the
impedance measurer 120 may measure a current amount I,
supplied to the electrode unit 110. The amperemeter 125
may measure the current amount I, thereby reflecting a
change of the current amount I, supplied to the electrode unit
110 due to the internal impedance Zs of the current source
122 while obtaining the bio impedance Zm.

[0203] In operation 1370, the bio impedance obtainer 140
may determine the second impedance value Z,, from a
voltage Vm and the current I, measured according to the
second mode. The bio impedance obtainer 140 may deter-
mine the second impedance value Z,, by using the CPU 141
as illustrated in FIG. 22. As illustrated in FIG. 23, the bio
impedance obtainer 140 may include the second impedance
determiner 1455 that determines the second impedance
value 7, p.

[0204] 1In operation 1380, the bio impedance obtainer 140
may obtain the bio impedance Zm from the first and second
impedance values Z,, and Z, . In this case, the bio imped-
ance Zm may be obtained from a result obtained by simul-
taneously solving Equations 1 and 2. Since a current change
by the internal impedance Zs of the current source 122 has
already been taken into account in the process of determin-
ing the first and second impedance values Z,, and Z., the
bio impedance obtainer 140 may obtain the bio impedance
Zm even without using the internal impedance value Zs.
[0205] In the above description, the apparatus and method
of measuring a bio signal according to the exemplary
embodiments have been described with reference to FIGS.
1to 29.

[0206] The apparatus for measuring a bio signal according
to the exemplary embodiments may measure the bio imped-
ance regardless of contact impedance.

[0207] Also, the apparatus for measuring a bio signal
according to the exemplary embodiments may measure the
bio impedance by using an electrode having a small size.
[0208] Also, the apparatus for measuring a bio signal
according to the exemplary embodiments may improve the
accuracy of a bio impedance measurement value by taking
into account the internal impedance of the current source.
[0209] The apparatus according to the present exemplary
embodiments may include a processor, a memory for storing
program data and executing the stored program data, a
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permanent storage unit such as a disk drive, a communica-
tions port for handling communications with external
devices, and user interface devices, including a touch panel,
keys, buttons, etc. When software modules or algorithms are
involved, these software modules may be stored as program
instructions or computer-readable codes executable on a
processor on a non-transitory computer-readable recording
medium. Examples of the computer-readable recording
medium include magnetic storage media (e.g., ROM, RAM,
floppy disks, hard disks, etc.), and optical recording media
(e.g., CD-ROMs, digital versatile disks (DVDs), etc.). The
non-transitory computer-readable recording medium can
also be distributed over network coupled computer systems
so that the computer-readable code is stored and executed in
a distributive manner. This media can be read by the
computer, stored in the memory, and executed by the pro-
Cessor.

[0210] The exemplary embodiments may be described in
terms of functional block components and various process-
ing steps. Such functional blocks may be realized by any
number of hardware and/or software components configured
to perform the specified functions. For example, the exem-
plary embodiments may employ various integrated circuit
(IC) components, e.g., memory elements, processing ele-
ments, logic elements, look-up tables, and the like, which
may carry out a variety of functions under the control of one
or more microprocessors or other control devices. Similarly,
where the elements of the inventive concept are imple-
mented using software programming or software elements,
the exemplary embodiments may be implemented with any
programming or scripting language such as C, C++, Java,
assembler language, or the like, with the various algorithms
being implemented with any combination of data structures,
objects, processes, routines or other programming elements.
Functional aspects may be implemented in algorithms that
are executed on one or more processors. Furthermore, the
exemplary embodiments could employ any number of tech-
niques for electronics configuration, signal processing and/
or control, data processing and the like. The words “mecha-
nism,” “element,” “means,” and “configuration” are used
broadly and are not limited to mechanical or physical
exemplary embodiments, but can include software routines
in conjunction with processors, etc.

[0211] The particular implementations shown and
described herein are illustrative examples of the exemplary
embodiments and are not intended to otherwise limit the
scope of the exemplary embodiments in any way. For the
sake of brevity, electronics, control systems, software devel-
opment and other functional aspects of the systems may not
be described in detail. Furthermore, the connecting lines, or
connectors, shown in the various figures are intended to
represent exemplary functional relationships and/or physical
or logical couplings between the various elements. It should
be noted that many alternative or additional functional
relationships, physical connections or logical connections
may be present in an implemented device according to the
exemplary embodiments.

[0212] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the exemplary
embodiments (especially in the context of the following
claims) are to be construed to cover both the singular and the
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plural. Furthermore, recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. Also, the steps of all methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The exemplary embodiments are not limited to the
described order of the steps. The use of any and all
examples, or exemplary language (e.g., “such as”) provided
herein, is intended merely to better illuminate the exemplary
embodiments and does not pose a limitation on the scope of
the exemplary embodiments unless otherwise claimed.
Numerous modifications and adaptations will be readily
apparent to one of ordinary skill in the art without departing
from the spirit and scope of the exemplary embodiments.

What is claimed is:

1. A method of measuring a bio signal using a bio signal
measuring apparatus, the method comprising:

positioning electrodes included as part of the bio signal
measuring apparatus to contact a surface of an exam-
inee;

switching an impedance measurer, included as part of the
bio signal measuring apparatus and comprising a volt-
meter and a current source, to a first mode, the current
source inducing an internal impedance;

measuring a first impedance value of the examinee while
operating the impedance measurer according to a first
mode;

switching the impedance measurer to a second mode;

measuring a second impedance value of the examinee
while operating the impedance measurer according to a
second mode; and

obtaining bio impedance of the examinee based on the
first and second impedance values and the internal
impedance of the current source.

2. The method of claim 1, wherein the plurality of
electrodes comprise a first electrode, a second electrode, a
third electrode and a fourth electrode, and when the imped-
ance measurer opetates according to the first mode, the
current source is connected between the first electrode and
the fourth electrode, and the voltmeter is connected between
the second electrode and the third electrode.

3. The method of claim 2, wherein when the impedance
measurer operates according to the second mode, the current
source is connected between the first electrode and the
fourth electrode, and the voltmeter is connected between the
second electrode and the third electrode, the first electrode
and the second electrode are short-circuited, and the third
electrode and the fourth electrode are short-circuited.

4. The method of claim 1, wherein the obtaining of the bio
impedance of the examinee comprises:

obtaining the bio impedance of the examinee by compen-
sating for an effect of contact impedance between the
electrodes and the surface of the examinee in the first
and second impedance values considering the internal
impedance of the current source.
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5. The method of claim 4, wherein the obtaining of the bio
impedance of the examinee comprises:
obtaining the bio impedance of the examinee by using
Equation 1:

(B+Z)B+Zs) Equation |

T = Zip DTS
A OB 7+ 75+ 725

where f is defined by Equation 2,

2 Equation 2

where Z,,=a first impedance value, Z,,=a second imped-
ance value, Z,=an input impedance value of the impedance
measurer, and 7 =the internal impedance of the current
source.

6. The method of claim 1, further comprising:

changing an effective value of the internal impedance of

the current source by connecting a parallel impedance
to the current source.

7. The method of claim 6, wherein the parallel impedance
is smaller than the internal impedance of the current source.

8. The method of claim 2, wherein contact impedance
values between the first, second, third and fourth electrodes
and the surface of the examinee have different impedance
values, respectively.

9. The method of claim 8, wherein when the impedance
measurer operates according to the second mode, the current
source is connected between the second electrode and the
fourth electrode, and the voltmeter is connected between the
second electrode and the third electrode, and

the first electrode is electrically disconnected from the

current source.

10. The method of claim 9, further comprising:

switching the impedance measurer to a third mode; and

measuring a third impedance value of the examinee when
the impedance measurer operates according to the third
mode,

wherein when the impedance measurer operates accord-

ing to the third mode, the current source is connected
between the first electrode and the fourth electrode, and
the voltmeter is connected between the first electrode
and the third electrode, and

the second electrode is electrically disconnected from the

current source.

11. The method of claim 10, further comprising;

switching the impedance measurer to a fourth mode; and

measuring a fourth impedance value of the examinee
when the impedance measurer operates according to
the fourth mode,

wherein when the impedance measurer operates accord-

ing to the fourth mode, the current source is connected
between the first electrode and the fourth electrode, and
the voltmeter is connected between the second elec-
trode and the fourth electrode, and

the third electrode is electrically disconnected from the

current source.
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12. The method of claim 11, further comprising;

switching the impedance measurer to a fifth mode; and

measuring a fifth impedance value of the examinee when
the impedance measurer operates according to the fifth
mode,

wherein when the impedance measurer operates accord-

ing to the fifth mode, the current source is connected
between the first electrode and the third electrode, and
the voltmeter is connected between the second elec-
trode and the third electrode, and

the fourth electrode is electrically disconnected from the

current source.

13. The method of claim 12, wherein the obtaining of the
bio impedance of the examinee comprises:

obtaining the bio impedance of the examinee by compen-

sating for an effect of contact impedance values
between the first, second, third and fourth electrodes
and the surface of the examinee in the first, second,
third, fourth and fifth impedance values.

14. The method of claim 1, further comprising:

outputting bio information of the examinee based on the

bio impedance of the examinee.

15. The method of claim 14, wherein the bio information
of the examinee comprises at least one of a body fat amount
of the examinee, a basal metabolic amount of the examinee,
a skeletal muscle amount of the examinee, a blood flow
amount of the examinee, a breathing rate of the examinee, a
heart rate of the examinee, and heart rate variation of the
examinee.

16. A method of measuring a bio signal using a bio signal
measuring apparatus, the method comprising:

positioning electrodes included as part of the bio signal

measuring apparatus to contact a surface of an exam-
inee;

switching an impedance measurer included as part of the

bio signal measuring apparatus and comprising an
amperemeter, a voltmeter, and a current source, to a
first mode, the current source inducing an internal
impedance;

measuring, by using the amperemeter, a current amount

supplied from the current source to the electrodes when
the impedance measurer operates according to the first
mode;

determining a first impedance value of the examinee

based on a current amount supplied to the electrodes
and a voltage measured by the voltmeter when the
impedance measurer operates according to the first
mode;

switching the impedance measurer to a second mode;

measuring, by using the amperemeter, a current amount

supplied from the current source to the electrodes when
the impedance measurer operates according to the
second mode;

determining a second impedance value of the examinee

based on a current amount supplied to the electrodes
and a voltage measured by the voltmeter when the
impedance measurer operates according to the second
mode; and

obtaining bio impedance of the examinee based on the

first and second impedance values.

17. The method of claim 16, further comprising:

outputting bio information of the examinee based on the

bio impedance of the examinee.
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18. An apparatus configured to measure a bio signal, the
apparatus comprising:

an electrode unit comprising electrodes that contact a
surface of an examinee;

an impedance measurer comprising a voltmeter and a
current source, the current source inducing an internal
impedance;

a mode controller configured to control the impedance
measurer to measure a first impedance value of the
examinee while the impedance measurer is operating
according to a first mode, and measure a second imped-
ance value of the examinee while the impedance mea-
surer is operating according to a second mode; and

a bio impedance obtainer configured to obtain bio imped-
ance of the examinee based on the first and second
impedance values and the internal impedance of the
current source.

19. The apparatus of claim 18, wherein the electrode unit
comprises a first electrode, a second electrode, a third
electrode and a fourth electrode, and the mode controller is
configured to control the impedance measurer such that the
current source is connected between the first electrode and
the fourth electrode, and the voltmeter is connected between
the second electrode and the third electrode when the
impedance measurer operates according to the first mode.

20. The apparatus of claim 19, wherein the mode con-
troller is configured to control the impedance measurer such
that the current source is connected between the first elec-
trode and the fourth electrode, and the voltmeter is con-
nected between the second electrode and the third electrode,
and

the first electrode and the second electrode are short-
circuited, and the third electrode and the fourth elec-
trode are short-circuited, when the impedance measurer
operates according to the second mode.

21. The apparatus of claim 18, wherein the bio impedance
obtainer is configured to obtain the bio impedance by
compensating for an effect of contact impedance between
the electrodes and the surface of the examinee in the first and
second impedance values by considering the internal imped-
ance of the current source.

22. The apparatus of claim 21, wherein the bio impedance
obtainer is configured to obtain the bio impedance by using
Equation 1:

7 = (B+Z)P+7Zs) Equation 1
" QB+ 7 + Z5) + TiZs
where f is defined by Equation 2,
2 Equation 2

where 7,,=a first impedance value, 7,,=a second imped-
ance value, Z=an input impedance value of the impedance
measurer, and 7 =the internal impedance of the current
source.

23. The apparatus of claim 18, wherein the impedance
measurer further comprises:
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a current source parallel impedance that is parallel-con-
nected to the current source and which changes an
effective value of the internal impedance of the current
source.

24. The apparatus of claim 23, wherein the current source
parallel impedance has an impedance value that is less than
the internal impedance of the current source.

25. The apparatus of claim 19, wherein contact impedance
values between the first, second, third and fourth electrodes
and the surface of the examinee have different impedance
values, respectively.

26. The apparatus of claim 25, wherein the mode con-
troller is configured to control the impedance measurer such
that when the impedance measurer operates according to the
second mode, the current source is connected between the
second electrode and the fourth electrode, and the voltmeter
is connected between the second electrode and the third
electrode, and

the first electrode is electrically disconnected from the
current source.

27. The apparatus of claim 26, wherein the mode con-
troller controls the impedance measurer to measure a third
impedance value of the examinee when the impedance
measurer operates according to a third mode, and

controls the impedance measurer such that when the
impedance measurer operates according to the third
mode, the current source is connected between the first
electrode and the fourth electrode, and the voltmeter is
connected between the first electrode and the third
electrode, and

the second electrode is electrically disconnected from the
current source.

28. The apparatus of claim 27, wherein the mode con-
troller controls the impedance measurer to measure a fourth
impedance value of the examinee when the impedance
measurer operates according to a fourth mode, and

controls the impedance measurer such that when the
impedance measurer operates according to the fourth
mode, the current source is connected between the first
electrode and the fourth electrode, and the voltmeter is
connected between the second electrode and the fourth
electrode, and

the third electrode is electrically disconnected from the
current source.

29. The apparatus of claim 28, wherein the mode con-
troller controls the impedance measurer to measure a fifth
impedance value of the examinee when the impedance
measurer operates according to a fifth mode, and

controls the impedance measurer such that when the
impedance measurer operates according to the fifth
mode, the current source is connected between the first
electrode and the third electrode, and the voltmeter is
connected between the second electrode and the third
electrode, and

the fourth electrode is electrically disconnected from the
current source.

30. The apparatus of claim 29, wherein the bio impedance
obtainer is configured to obtain the bio impedance by
compensating for an effect of the contact impedance
between the first, second, third and fourth electrodes and the
surface of the examinee in the first, second, third, fourth and
fifth impedance values.
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31. The apparatus of claim 18, further comprising:

a bio information outputter configured to output bio
information of the examinee based on the bio imped-
ance of the examinee.

32. The apparatus of claim 31, wherein the bio informa-
tion of the examinee comprises at least one of a body fat
amount of the examinee, a basal metabolic amount of the
examinee, a skeletal muscle amount of the examinee, a
blood flow amount of the examinee, a breathing rate of the
examinee, a heart rate of the examinee, and heart rate
variation of the examinee.

33. An apparatus configured to measure a bio signal, the
apparatus comprising:
an electrode unit comprising electrodes that contact a
surface of an examinee;

an impedance measurer comprising a voltmeter, a current
source inducing an internal impedance, and an
amperemeter provided between the current source and
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the electrode unit and configured to measure a current
amount supplied from the current source to the elec-
trode unit;

a mode controller configured to control the impedance
measurer to measure a first impedance value of the
examinee while the impedance measurer operates
according to a first mode, and measure a second imped-
ance value of the examinee while the impedance mea-
surer operates according to a second mode; and

a bio impedance obtainer configured to obtain bio imped-
ance of the examinee based on the first and second
impedance values.

34. The apparatus of claim 33, wherein the first imped-
ance value is determined by a voltage value measured by the
voltmeter and a current value measured by the amperemeter
when the impedance measurer operates according to the first
mode, and the second impedance value is determined by a
voltage value measured by the voltmeter and a current value
measured by the amperemeter when the impedance mea-
surer operates according to the second mode.
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