EP 3 153 099 A1

Patent Office

fes brevers (11) EP 3 153 099 A1

(1 9) ’ e "llmlmllHH||m||‘||HmHll‘|H||Hmll“”l“”l‘l“‘"H‘mll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
12.04.2017 Bulletin 2017/15 A61B 5/053 (2006.01) A61B 5/00 (2006.01)

(21) Application number: 16192850.2

(22) Date of filing: 07.10.2016

(84) Designated Contracting States:  NAMKOONG, Kak
AL AT BEBG CH CY CZ DE DK EE ES FI FR GB Suwon-si, Gyeonggi-do 16678 (KR)
GRHRHUIEISITLILT LULV MC MK MT NL NO * KOH, Youngjun
PL PT RO RS SE SI SK SM TR Suwon-si, Gyeonggi-do 16678 (KR)
Designated Extension States: * BAE, Jungmok
BA ME Suwon-si, Gyeonggi-do 16678 (KR)
Designated Validation States: * LEE, Yeolho
MA MD Suwon-si, Gyeonggi-do 16678 (KR)
* JANG, Hyeongseok
(30) Priority: 07.10.2015 KR 20150141040 Suwon-si, Gyeonggi-do 16678 (KR)
(71) Applicant: Samsung Electronics Co., Ltd. (74) Representative: Griinecker Patent- und
Gyeonggi-do 16677 (KR) Rechtsanwailte
PartG mbB
(72) Inventors: LeopoldstraRe 4
* JUNG, Myounghoon 80802 Miinchen (DE)
Suwon-si, Gyeonggi-do 16678 (KR)

(54) APPARATUS AND METHOD OF MEASURING BIO SIGNAL

(57) A method of measuring a bio signal using a bio
signal measuring apparatus includes: positioning elec- FIG. 4
trodes included as part of the bio signal measuring ap-
paratus to contact a surface of an examinee; switching
animpedance measurer included as part of the bio signal
measuring apparatus and including a voltmeter and a
current source; measuring a firstimpedance value of the
examinee while operating the impedance measurer ac-
cording to a first mode; switching the impedance meas-

. . 2 2 110a
urer to a second mode; measuring a second impedance 1?0 ‘4‘63 ’ 110
value of the examinee while operating the impedance i B A T .

. ') . | 5 ! 1 el
measurer according to a second mode; and obtaining bio | L_L ‘\! bt oy
impedance of the examinee based on the firstand second ! \ 28
impedance values and an internal impedance of the cur- ; 129 128

! ‘ 1100
rent source. poc [ Z{}.f f\) Vim ‘ m g
| - 110c
‘ 122 ] 124 || 1z
| - AN
! )\,‘ Ze
{ 7 H T AAA
- / | N
]
126b 110d

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 153 099 A1
Description
BACKGROUND
1. Field

[0001] Methods and apparatuses consistent with the exemplary embodiments disclosed herein relate to apparatuses
and methods for measuring a bio signal.

2. Description of the Related Art

[0002] A method of positioning an electrode to contact a user’s body, measuring bio impedance by using the electrode,
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.

[0003] 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

[0004] Exemplary embodiments provide methods and apparatuses for measuring bio information without an influence
of contact impedance.

[0005] 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.
[0006] Technical objects of the exemplary embodiments are not limited to the above technical objects, and other
technical objects may be inferred from exemplary embodiments described below.

[0007] 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 presented exemplary embodiments.

[0008] According to an aspect of an 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 a voltmeter and a current source, to a first mode, the current source inducing an internal impedance;
measuring a firstimpedance 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.

[0009] 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.

[0010] 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.

[0011] The obtaining of the bio impedance of the examinee may include obtaining the bio impedance of the examinee
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 internal impedance of the current source.

[0012] The obtaining of the bio impedance of the examinee may include: obtaining the bio impedance of the examinee
by using Equation 1:

Equation 1

_ B+Z)B+Z)
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where B is defined by Equation 2,

Equation 2
2
ZZP Zl ZS

where Z,p= a first impedance value, Z,p= a second impedance value, Z; = an input impedance value of the impedance
measurer, and Zg = the internal impedance of the current source.

[0013] The method may further include changing an effective value of the internal impedance of the current source
by connecting a parallel impedance to the current source.

[0014] The parallel impedance may be smaller than the internal impedance of the current source.

[0015] Contactimpedance values between the first, second, third and fourth electrodes and the surface of the examinee
have different impedance values, respectively.

[0016] 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.

[0017] 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.

[0018] The method may further include: 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 according to the fourth mode, the current source is connected between the first
electrode and the fourth electrode, and the voltmeteris connected between the second electrode and the fourth electrode,
and the third electrode is electrically disconnected from the current source.

[0019] 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 electrode, and the
fourth electrode is electrically disconnected from the current source.

[0020] The obtaining of the bio impedance of the examinee may include obtaining the bio impedance of the examinee
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.

[0021] The method may further include outputting bio information of the examinee based on the bio impedance of the
examinee.

[0022] 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.

[0023] 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 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.

[0024] The method may further include outputting bio information of the examinee based on the bio impedance of the
examinee.
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[0025] 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 impedance
measurer is operating 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 and the internal impedance of the current source.
[0026] 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 second
electrode and the third electrode when the impedance measurer operates according to the first mode.

[0027] 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 may be connected between the second
electrode and the third electrode, and the first electrode 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.

[0028] 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.

[0029] The bio impedance obtainer may be configured to obtain the bio impedance by using Equation 1:

Equation 1

_ B+Z)HP+Zy)
" 2 QB+Z +Z)+ 2.7

where B is defined by Equation 2,

Equation 2
2
ST
Z?P zi ZS

where Z,p= a first impedance value, Z,p= a second impedance value, Z; = an input impedance value of the impedance
measurer, and Z; = the internal impedance of the current source.

[0030] 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.

[0031] The current source parallel impedance may have an impedance value that is less than the internal impedance
of the current source.

[0032] Contactimpedance values between the first, second, third and fourth electrodes and the surface of the examinee
have different impedance values, respectively.

[0033] 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
electrode is electrically disconnected from the current source.

[0034] The mode controller may control the impedance measurer to measure a third impedance value of the examinee
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.

[0035] 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



10

15

20

25

30

35

40

45

50

55

EP 3 153 099 A1

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 disconnected from the current source.

[0036] The mode controller may control the impedance measurer to measure a fifth impedance value of the examinee
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 electrode,
and the fourth electrode is electrically disconnected from the current source.

[0037] 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.

[0038] The apparatus may further include a bio information outputter configured to output bio information of the ex-
aminee based on the bio impedance of the examinee.

[0039] 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.

[0040] 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; animpedance measurerincluding
a voltmeter, a current source inducing an internal impedance, and an amperemeter provided between the current 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 firstimpedance value of 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 operates 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.

[0041] 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 measurer 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

[0042] 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:

FIG. 1is a block diagram illustrating an apparatus for measuring a bio signal according to an exemplary embodiment;
FIG. 2 is an exemplary circuit diagram illustrating an impedance measurer and an electrode unit according to a first
mode;

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

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

FIG. 5 is a circuit diagram illustrating an impedance measurer and an electrode unit according to a second mode
when taking into account an internal impedance;

FIG. 6 is a circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary em-
bodiment;

FIG. 7 is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

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

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

FIG. 10 is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

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;

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;

FIG. 13 is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;
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FIG. 14 is a circuit diagram for explaining a state in which an impedance measurer operates according to a second
mode;

FIG. 15is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

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

FIG. 17 is a circuit diagram for explaining a state in which animpedance measurer operates according to a third mode;
FIG. 18 is a circuit diagram for explaining a state in which an impedance measurer operates according to a fourth
mode;

FIG. 19is a circuit diagram for explaining a state in which animpedance measurer operates according to a fifth mode;
FIGS. 20 and 21 are circuit diagrams for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

FIG. 22 is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

FIG. 23 is another circuit diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

FIG. 24 is another block diagram for explaining an apparatus for measuring a bio signal according to an exemplary
embodiment;

FIGS. 25 and 26 are perspective views illustrating an implementation of an apparatus for measuring a bio signal;
FIG. 27 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment;
FIG. 28 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment; and
FIG. 29 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment.

DETAILED DESCRIPTION

[0043] Exemplary embodiments are described below with reference to the accompanying drawings.

[0044] Asthetermsused herein, sofar 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 meanings 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.

[0045] 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 component or may be "electrically connected" to the other component
with the other component interposed therebetween. It will be understood that the terms "comprises"”, "includes”, and
"has", when used herein, specify the presence 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.

[0046] 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.

[0047] 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.

[0048] Descriptions of exemplary embodiments below should not be construed as limiting the scope of the exemplary
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. Hereinafter, certain exemplary embodiments provided for exemplary pur-
poses only are described below with reference to the accompanying drawings.

[0049] FIG. 1 is a block diagram illustrating an apparatus 100 for measuring a bio signal according to an exemplary
embodiment.

[0050] Referring to FIG. 1, the apparatus 100 for measuring 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.

[0051] The electrode unit 110 may include at least two electrodes. In the case where the apparatus 100 for measuring
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 user’'s body due to the
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user’s motion.

[0052] The impedance measurer 120 measures impedance of an electric circuit including the body by using a bio
impedance analyzer (BIA) method. The impedance measurer 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 measurer
120 may measure the impedance of the electric circuit by measuring voltages between the electrodes.

[0053] 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.

[0054] 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
tissue of an animal. The bio impedance obtainer 140 may obtain a bio impedance value, regardless of contact impedance
between the electrodes of the electrode unit 110 and the examinee, based on the impedance values measured by the
impedance measurer 120.

[0055] 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.

[0056] InFIG.2, Zcrepresents contactimpedance between electrodes 110a, 110b, 110c, and 110d, 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 110d of the
electrode unit 110. A voltmeter 124 may measure a voltage Vm between the second electrodes 110b 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 impedance
measurer 120. For example, a first impedance value Z,p measured by the impedance measurer 120 under the first
mode may be determined by dividing a voltage Vm measured by the voltmeter 124 based on an output current value of
the current source 122. The first impedance value Z,p may be expressed by Equation 1.

Equation 1

1

Z +27Z
[Tt Bont
Z.

H

Z_“a = ‘fi(zmszcvzi) = Zm

[0057] Since Ziis a value determined by a circuit characteristic and the first impedance value Z,; 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.

[0058] FIG. 3 is an exemplary circuit diagram illustrating the impedance measurer 120 and the electrode unit 110
according to a second mode.

[0059] Referring to FIG. 3, in the second mode, the first electrode 110a and the second electrode 110b may be short-
circuited. Also, under the second mode, the third electrode 110c and the fourth electrode 110d may be short-circuited.
The mode controller 130 may adjust switches 126a and 126b 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 126b 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 126b becomes a closed state, the third
electrode 110c and the fourth electrode 110d 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.

[0060] A second impedance value Z,p may be determined from a voltage value Vm measured by the voltmeter 124
under the second mode. For example, the second impedance value Z,p 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.
[0061] The second impedance value Z,, measured by the impedance measurer 120 may be expressed by Equation 2.
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Equation 2

1
1 1

z,+22. 2,

ZZP :f(zm’zc’zs'):

[0062] In Equations 1 and 2, Z,p and Z,p 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 Zc 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 Zc is not known or not
calculated, Zm may be calculated.

[0063] Measurement values of the first and second impedance values Z,p and Z,p expressed by Equations 1 and 2
are values obtained by dividing a voltage Vm measured by the voltmeter 124 by a current | of the amperemeter 122.
However, the current | 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 generated (induced) as a result of parasitic components of the
current source 122, other electrical components of the current source 122, a combination thereof, or for different reasons
altogether. There may be many different causes of the internal impedance.

[0064] FIG. 4 is a circuit diagram illustrating the impedance measurer 120 according to the first mode illustrated in
FIG. 2 by taking into account an internal impedance of the current source 122.

[0065] Referring to FIG. 4, the impedance measurer 120 may include an internal impedance Zs parallel-connected to
the current source 122. A current | 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, 110b, 110c, and 110d of the electrode unit 110 and an examinee
is considerably less than the internal impedance Zs, the magnitude of the current I, may be considerably larger than
that of the current I,. In this case, it is considered that the current I, flowing toward the electrode unit 110 is almost the
same as the value of the output current | 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.

[0066] However, when the areas of the electrodes 110a, 110b, 110c, and 110d are reduced, the magnitude of the
contact impedance Zc may increase. When the magnitude of 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 |, supplied to the electrode unit 110 and the output current | of the amperemeter 122.
When a difference between the current |, supplied to the electrode unit 110 and the output current | of the amperemeter
122 increases, the accuracy of the bio impedance value Zm obtained by using Equations 1 and 2 may be reduced.
[0067] When obtaining the bio impedance Zm from the first and second impedances Z,p and Z,p, the bio impedance
obtainer 140 may increase the accuracy of the bio impedance value Zm by taking into account the internal impedance
Zs 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
Z,p may be changed from Equation 1 to Equation 3 below.

Equation 3
1 Z
Z-U" = Zm X X k
L+ 2, +22, Z +2Z + i ! i
Z, 2Z +Z

[0068] Referring to Equation 3, it is shown that the firstimpedance Z,p 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
1when Zg>> Z,.. In this case, Equation 3 becomes equal to Equation 1. However, when the sizes of the electrodes 110a,
110b, 110c, and 110d of the electrode unit 110 are reduced, the condition of Z; »Z, may not be satisfied. Further, when
the condition of Z; >>Z_. 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.
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[0069] The mode controller 130 may switch the impedance measurer 120 to the second mode by switching the first
switch 126a and the second switch 126b 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.

[0070] FIG. 5 is a circuit diagram illustrating the impedance measurer 120 and the electrode unit 110 according to the
second mode when taking into account an internal impedance Zs.

[0071] Referring to FIG. 5, the first electrode 110a and the second electrode 110b are short-circuited and may be
treated as one electrode. In this case, contact impedance between the first electrode 110a and an examinee and contact
impedance between the second electrode 110b and the examinee are parallel-connected and thus may be treated as
one contact impedance (1/2xZc). Also, the third electrode 110c and the fourth electrode 110d are short-circuited and
may be treated as one electrode. In this case, contact impedance between the third electrode 110c and the examinee
and contact impedance between the fourth electrode 110d and the examinee are parallel-connected and thus may be
treated as one contact impedance (1/2xZc). The second impedance Z,p measured according to the second mode
illustrated in FIG. 5 may be expressed by Equation 4.

Equation 4

[0072] In Equations 3 and 4, Z,p and Z,p are measured values, and Zi is a value determined depending on a char-
acteristic of the AFE. Therefore, Zm and Zc may be calculated by simultaneously solving Equations 3 and 4, and even
when a value of Zc is not known or not calculated, Zm may be calculated.

[0073] The impedance measurer 120 may transfer information regarding a measurement result of the firstimpedance
value Z,p and a measurement result of the second impedance value Z,p 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 impedance obtainer 140 may obtain the first and second impedance values Z,p
and Z,p 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.

[0074] The bio impedance obtainer 140 may obtain the bio impedance Zm from the first impedance value Z,p, the
second impedance value Zyp, and the internal impedance Zs.

[0075] FIG. 6 is a circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an exemplary
embodiment.

[0076] 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.

Equation 5

_ B+Z)B+2Zy)
"N 2w QBHZ +Z )+ 27

[0077] In Equation 5, B may be defined by Equation 6 below.
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Equation 6
2
e T
Zyp Z; Z

[0078] 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 impedance obtainer 140, may be received from an external source
over a network connection (e.g., over the Internet or a LAN), etc.

[0079] FIG. 7 is another circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0080] Referring to FIG. 7, the bio impedance obtainer 140 may obtain bio impedance by using a lookup table 146.
[0081] The bio impedance obtainer 140 may include two switches 142a and 142b, two registers 144a and 144b, and
the lookup table 146. Whether the two switches 142a and 142b 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 142a is closed, and the lower switch 142b may be open. Also, when the impedance measurer
120 is operating according to the second mode, the upper switch 142a may be open and the lower switch 142b may be
closed.

[0082] The registers 144a and 144b 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 144b.
[0083] The lookup table 146 may receive values of a voltage or impedance stored in the registers 144a and 144b 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 Z,p and
Z,p are input, the lookup table 146 may determine a value corresponding to the first and second impedance values Z,p
and Zyp.

[0084] The determined value represents bio impedance. For example, the lookup table 146 may store a 2 x 2-table
regarding values of two voltages. As another example, the lookup table 146 may store a 2 x 2-table regarding the first
and second impedance values Z,p and Zp.

[0085] A horizontal axis may represent a voltage or a firstimpedance value Z,; measured according to the first mode,
and a vertical axis may represent a voltage or a second impedance value Z,p 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.

[0086] FIG. 8 is 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 internalimpedance Zs of the current source 122.
[0087] InFIG. 8, a horizontal axis represents a contact impedance value Zc between the electrodes 110a, 110b, 110c,
and 110d, 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 Zc. According to an experiment shown in FIG. 9, Zi=2MQ and Zs=50 kQ 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.

[0088] 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 impedance Zs of the current source 122, the obtained bio impedance
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 KQ and an actual value
is about 10.2%.

[0089] Unlike the graph G2, the graph G1 shows thatan obtained bio impedance value Zm is almost constantregardless
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
Zc is 3 KQ and an actual value is merely about 1.7%.

[0090] 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
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to the above-described exemplary embodiments, the apparatus 100 for measuring a bio signal may measure the first
and second impedance values Z,p and Z,p 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 Z,p and Z,p, and obtain the bio impedance Zm of the examinee. The
apparatus 100 for measuring a bio signal may obtain the bio impedance Zm by taking into account the internal impedance
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.

[0091] 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 mag-
nitude 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.
[0092] 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.

[0093] InFIG. 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 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.

[0094] Unlike an ideal transistor, in an actual transistor, an output current value may slightly change due to a change
of a voltage value in the saturation region. As a result, an output current of the current source 122 may change due to
achange 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
Zs differently depending on a voltage applied to the current source 122 when obtaining the bio impedance value Zm.
[0095] 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.

[0096] FIG. 10 is another circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0097] Referring to FIG. 10, the impedance measurer 120 may further include a current source parallel impedance
ZgexT 127 thatis 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 illustrated in FIG. 10, the internal impedance Zs of the current source
122 and the current source parallel impedance Zggyt 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 impedance
may be expressed by Equation 7.

Equation 7

ZSZSEXT

7o =
SEFE
Lo+ Zyr

[0098] InEquation7,Zgepr is an effective value of the internalimpedance of the current source 122, and is a synthesized
impedance of the internal impedance Zs and the current source parallel impedance Zggy.

[0099] When the internal impedance Zs changes, an amount of change in the effective value Zgggf 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 Zgep of the internal impedance Zs with respect to a change in the internal impedance Zs may be expressed by
Equation 8.
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Eqguation 8

dZSEFF

- Lsexr

dZS ZS + ZSEXT

dZSEFF

[0100] Equation 8 shows that a value of is always less than 1. This result thus indicates that an amount of

5
change in the effective value Zgggp 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 Zggyt is

dz
small, the value of —ISEEE. pecomes smaller to a greater degree. However, when the value of the current source
Z
5
parallel impedance Zggyt is too small, a current amount supplied to the electrode unit 110 may be insufficient. Therefore,
the value of the current source parallel impedance Zggyt 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 Zgggg of the internal

impedance Zs is maintained to be small (e.g., smaller than a predetermined threshold). For example, the magnitude of
the current source parallel impedance Zggyxt may be less than that of the internal impedance Zs.

[0101] FIG. 11isa graphillustrating a change of a current amount supplied to an electrode unit 110, where the change
ofthe currentamountdepends on a change of the firstimpedance value Z4p without the current source parallel impedance
Zgext 127.

[0102] In FIG. 11, a horizontal axis represents the magnitude of the first impedance value Z,, measured by the
impedance measurer 120. A vertical axis represents a current |, (see FIG. 4) supplied to the electrode unit 110 from
among a current output from the current source 122.

[0103] Referring to FIG. 11, it is shown that when the magnitude of the first impedance value Z,p 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
impedance obtainer 140 should set the internal impedance Zs of the current source 122 each time that a measurement
environment changes, and this operation may consume time and calculation resources.

[0104] 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 Z,p with a current source parallel impedance Zggyt 127 connected.

[0105] In FIG. 12, a horizontal axis represents the magnitude of the first impedance value Z,p measured by the
impedance measurer 120. A vertical axis represents a current | (see FIG. 4) supplied to the electrode unit 110 from
among a current output from the current source 122.

[0106] Referring to FIG. 12, it is shown that when the magnitude of the firstimpedance value Z,p 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 Zgggg of the 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 Zggr 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.

[0107] FIGS. 4 to 12 describe an example in which contact impedances of the first to fourth electrodes 110a, 110b,
110c, and 110d are the same. However, depending on various criteria, such as user intentions, examinee characteristics,
environmental characteristics, hardware factors, etc., the contactimpedances of the first to fourth electrodes 110a, 110b,
110c, and 110d may not be the same.

[0108] FIG. 13 is another circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0109] Referring to FIG. 13, contactimpedance with respect to an examinee may be different for respective electrodes
110a, 110b, 110c, and 110d. FIG. 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 110d
are less than the area of the second and third electrodes 110b and 110c by 1/k times, the contact impedances of the
second and third electrodes 110b and 110c may be represented by Zc, and the contact impedances of the first and
fourth electrodes 110a and 110d may be represented by k x Zc.

[0110] FIG. 14 is a circuit diagram for explaining a state in which the impedance measurer 120 is operating according
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to the second mode.

[0111] Referring to FIG. 14, the first and second switches 126a and 126b may be switched to a closed state, so that
the first electrode 110a and the second electrode 110b may be short-circuited, and the third electrode 110c and the
fourth electrode 110d may be short-circuited. When the first electrode 110a and the second electrode 110b are short-
circuited, contact impedance k x Zc of the first electrode 110a and contact impedance Zc of the second electrode 110b
are parallel-connected, so that a synthesized impedance value of kZc/(k+1) may be obtained. Also, when the third
electrode 110c and the fourth electrode 110d are short-circuited, contact impedance Zc of the third electrode 110c and
contact impedance k x Zc of the fourth electrode 110d are parallel-connected, so that a synthesized impedance value
of kZc/(k+1) may be obtained.

[0112] Theimpedance measurer 120 may measure the firstimpedance value Z,p according to the first mode illustrated
in FIG. 13, and measure the second impedance value Z,p according to the second mode illustrated in FIG. 14. Also,
the bio impedance obtainer 140 may obtain the bio impedance Zm by compensating for a contact impedance effect of
the electrodes 110a, 110b, 110c, and 110d by taking into account the first and second impedance values Z,5 and Z,p
and the internalimpedance Zs of the current source 122. When the bio impedance obtainer 140 obtains the bio impedance
Zm, Equation 9 may be used.

Equation 9

<~fi—'*—i~1—ﬂ Z>< Tpizy

Zm Z4P
» (k + 1)

(5

[+kZ, + 5)+ZZ

[0113] In Equation 9, B 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.

[0114] In the 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, 110b, 110c, and 110d. However, depending on the
cases, a multiple relation may not be established.

[0115] FIG. 15is a circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an exemplary
embodiment.

[0116] Referring to FIG. 15, all contactimpedances Zc1, Zc2, Zc3, and Zc4 of the first to fourth electrodes 110a, 110b,
110c, and 110d may have different values, respectively. Unlike FIG. 4, since all the contact impedances Zc1, Zc2, Zc3,
and Zc4 have different values in the circuit diagram of FIG. 15, there are five unknowns Zm, Zc1, Zc2, Zc3, 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 110a and the fourth electrode 110d,
and the voltmeter 124 may be connected between the second electrode 110b and the third electrode 110c. The first
impedance Z1 measured under the first mode may be expressed by Equation 10.

Equation 10
1 Z
Z =27, X 2
Z,+Z.,+Z 1
4= 0 Z 4+Z +Z.,+

| 1

i o

+
Z, ZotZot+i,

i

[0117] 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 measured at a 2-point when operating according to the second
mode illustrated in FIG. 14, or alternatively, the bio impedance Zm may be measured at a 3-point when operating
according to the second mode illustrated in FIG. 16.

[0118] Referring to FIG. 16, according to the second mode, the current source 122 may be connected between the
second electrode 110b and the fourth electrode 110d. The mode controller 130 may switch the first switch 126a to a
closed state so that the current source 122 may be connected between the second electrode 110b and the fourth
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electrode 110d. Also, the voltmeter 124 may be connected between the second electrode 110b and the third electrode
110c. Also, the first electrode 110a may be electrically disconnected from 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 110a is electrically 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 110a,
3-point measurement may be performed according to the second mode. A second impedance value Z, measured
according to the second mode may be expressed by Equation 11.

Equation 11
‘ZC’> +Zm Zi ZS
5 = = X X 1
ZI+ZC3+ZC2+ZH: ZC3+Zi ZS+ZC4+

1 1
+
ZC3+Z:" ZC2+ZM

[0119] FIG. 17 is a circuit diagram for explaining a state in which an impedance measurer 120 operates according to
a third mode.

[0120] 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 110b may be electrically disconnected from the current source 122. The mode controller 130 may
switch the fourth switch 126d to an open state so that the second electrode 110b may be electrically disconnected from
the current source 122. When the second electrode 110b is electrically disconnected from the current source 122, a
current may not flow through the second electrode 110b. When the current does not flow through the second electrode
110b, a 3-point measurement may be performed according to the third mode. A third impedance value Z5 measured
according to the third mode may be expressed by Equation 12.

Equation 12
. - ZCI +Zm Y Zi W ZS 1
ZE+ZC3 +ZC! +Zm ZC3+Z«' ZS+ZC4+

1 1
+
ZC3+Z¢' ZC1+Z::x

[0121] FIG. 18 is a circuit diagram for explaining a state in which an impedance measurer 120 operates according to
a fourth mode.

[0122] 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 110b and the fourth electrode 110d. The mode controller 130 may switch the second switch 126b to
a closed state so that the voltmeter 124 may be connected between the second electrode 110b and the fourth electrode
110d. Also, the third electrode 110c may be electrically disconnected from the current source 122. The mode controller
130 may switch a fifth switch 126e to an open state so that the third electrode 110c may be electrically disconnected
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 110c. When the current does not flow through the third electrode 110c,
a 3-pointmeasurement may be performed according to the fourth mode. A fourthimpedance value Z, measured according
to the fourth mode may be expressed by Equation 13.
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Equation 13
; — ZC4+Zm % Zi % ZS
Zi+ZC2+ZC4+Zm ZC2+Zi 1

Zo+Z, + { i

+
ZCE +Zx ZC4+Zm

[0123] FIG. 19 is a circuit diagram for explaining a state in which an impedance measurer 120 operates according to
a fifth mode.

[0124] 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
126b 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 110b and the third electrode
110c. Also, the fourth electrode 110d may be electrically disconnected from the current source 122. The mode controller
130 may switch a sixth switch 126f to an open state so that the fourth electrode 110d may be electrically disconnected
from the current source 122. When the fourth electrode 110d is electrically disconnected from the current source 122,
a current may not flow through the fourth electrode 110d. When the current does not flow through the fourth electrode
110d, a 3-point measurement may be performed according to the fifth mode. A fifth impedance value Z; measured
according to the fifth mode may be expressed by Equation 14.

Equation 14
ZS - ZCB +Zm % Zi % ZS 1
ZE+ZC2+ZC3+ZH: ZC2+ZJ ZS+ZCI+

1 N 1
ZC'2+Z:' ZC‘3+Zm

[0125] Intheabove, FIGS. 16to 19 illustrate an example of making a 3-point measurement by electrically disconnecting
one of the first to fourth electrodes 110a, 110b, 110c, and 110d 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 110a, 110b, 110c, and 110d 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 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.

[0126] When the impedance measurer 120 measures the first to fifth impedance values Z,, Z,, Z3, Z4, and Z;, the bio
impedance obtainer 140 may obtain the bio impedance Zm by compensating for an effect of contact impedances Zc1,
Zc2, Zc3, and Zc4 in the first to fifth impedance values Z4, Z,, Z3, Z4, and Z5. 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
impedances Zc1, Zc2, Zc3, and Zc4. Exemplarily, the bio impedance Zm may be obtained by simultaneously solving
Equations 10 to 14. In Equations 10 to 14, the first to fifth impedance values Z4, Z,, Z3, Z4, and Z5 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 Zc1, Zc2, Zc3, 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 Z,, Z,, Z3, Z,, and Z or voltage values Vm measured under the first
to fifth modes.

[0127] Referring to FIG. 4 again, the exemplary embodiment 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 | 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.

[0128] FIGS. 20 and 21 are circuit diagrams for explaining an apparatus 100 for measuring a bio signal according to
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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.
[0129] Referring to FIGS. 20 and 21, the impedance measurer 120 may include an amperemeter 125 for measuring
the current |4 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 129b for converting the magnitude of a measured current into a
digital signal may be connected to the amperemeter 125. The first impedance value Z,p may be determined by dividing
a voltage value Vm measured by the voltmeter 124 by a current value |; measured by the amperemeter 125.

[0130] In the above description of FIGS. 4 and 5, the first and second impedance values Z,p and Z,p are described
as being determined by dividing a voltage Vm by an output current | of the current source 122. Therefore, Equations 3
and 4, which are equations used to calculate the first and second impedance values Z,p and Z,p, include a factor that
depends on the internal impedance Zs of the current source 122.

[0131] In contrast, in the exemplary embodiment illustrated in FIGS. 20 and 21, the first and second impedance values
Z,4p and Z,p may be determined by dividing a voltage Vm by a current |; measured by the amperemeter 125. In this
case, the first and second impedance values Z,p and Z,p 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 simultaneously solving Equations 1 and 2 even without using the
internal impedance Zs of the current source 122.

[0132] FIG. 22 is another circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0133] 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 129b 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,p and Z,p from input voltage value and current value. The CPU 141
may calculate the bio impedance Zm by solving simultaneous Equations 1 and 2.

[0134] 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.

[0135] FIG. 23 is another circuit diagram for explaining an apparatus 100 for measuring a bio signal according to an
exemplary embodiment.

[0136] ReferringtoFIG. 23, the bioimpedance obtainer 140 may include animpedance determiner 145. The impedance
determiner 145 may determine the first and second impedance values Z,p and Z,p by receiving information regarding
measured voltage and current from the impedance measurer 120. Exemplarily, the impedance determiner 145 may
include a firstimpedance determining unit (e.g., firstimpedance determiner) 145a and a second impedance determining
unit (e.g., second impedance determiner) 145b.

[0137] The first ADC 129a may convert the magnitude of a voltage measured by the voltmeter 124 into a digital signal.
The second ADC 129b 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 129b, and the first and second impedance determiners 145a
and 145b, may change depending on a connection state of switches 142a, 142b, 143a, and 143b.

[0138] For example, 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 142b and 143b may be open. The first impedance determiner
145a may receive voltage and current values measured according to the first mode and determine the first impedance
value Z,p.

[0139] 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 142b and 143b may be closed. The second impedance determiner 145b
may receive voltage and current values measured according to the second mode and determine the second impedance
value Z,p.

[0140] The lookup table 146 may receive first and second impedance values Z,p and Z,p determined by the first and
second impedance measurers 145a and 145b and output bio impedance Zm.

[0141] Inthe 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.

[0142] FIG. 24 is a block diagram for explaining an apparatus 100 for measuring a bio signal according to an exemplary
embodiment.

[0143] Referring to FIG. 24, the apparatus 100 for measuring a bio signal may further include a bio information output
unit 150 (e.g., bio information outputter) for outputting bio information of an examinee from bio impedance Zm. The bio
information output unit 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. Exem-
plarily, the bio information output unit 150 may output the bio information of the examinee by using body information of
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the examinee and the bio impedance Zm obtained by the bio impedance obtainer 140. Here, the body information of
the examinee may include information indicating many different characteristics of the examinee, e.g, an age, height,
weight, etc., of the examinee.

[0144] FIGS. 25 and 26 are perspective views illustrating an implementation of an apparatus 100 for measuring a bio
signal.

[0145] 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, e.g., smart jewelry, smart shoes, headware, glasses,
etc. In the case of a 2-point measurement method, the electrodes 110a, 110b, 110c, and 110d 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, 110b, 110c, and 110d may contact the skin of a wrist portion.

[0146] FIG. 27 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment.
[0147] Referringto FIG. 27, the apparatus 100 for measuring a bio signal may measure the first and second impedance
values Z,p and Z,p while changing a measurement 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,p
and Z,p 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.

[0148] In operation 1110, the electrodes 110a, 110b, 110c, and 110d of the electrode unit 110 may be positioned to
contact a surface (e.g., skin) of the examinee. All of the electrodes 110a, 110b, 110c, and 110d may contact the surface
of the examinee, or alternatively, only a portion of the electrodes 110a, 110b, 110c, and 110d may contact the surface
of the examinee.

[0149] In operation 1120, the mode controller 130 may switch the impedance measurer 120 to the first mode. Exem-
plarily, 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 126b of the impedance measurer 120 in order to control the
mode of the impedance measurer 120.

[0150] In operation 1130, the impedance measurer 120 may measure the first impedance value Z,p. Exemplarily, as
illustrated in FIG. 4, the impedance measurer 120 may measure the first impedance value Z,p by measuring a voltage
Vm between the electrodes 110c and 110d by using the voltmeter 124.

[0151] 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 embodiments are not
limited thereto. The configuration of the circuits according to the second mode may be an configuration which enables
the impedance measurer 120 to measure an impedance 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.
[0152] In operation 1150, the impedance measurer 120 may measure the second impedance value Z,p. Exemplarily,
as illustrated in FIG. 5, the impedance measurer 120 may measure the second impedance value Z,p by measuring a
voltage Vm between the electrodes 110c and 110d by using the voltmeter 124.

[0153] In operation 1160, the bio impedance obtainer 140 may obtain bio impedance Zm from the first and second
impedance values Z,p and Z,p 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.

[0154] In operation 1170, the bio information output unit 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 unit 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 unit 150 may output the bio information of the examinee via adisplay unitasillustrated in FIG. 25.
[0155] FIG. 27 illustrates an example in which the impedance measurer 120 measures the first and second impedance
values Z,p and Z,p 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 Zc1, Zc2, Zc3, and Zc4 of the electrodes 110a, 110b, 110c, and 110d are different from each other, the
mode controller 130 may control the impedance measurer 120 using more than two modes.

[0156] FIG. 28 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment.
[0157] Referring to FIG. 28, the method of measuring a bio signal may measure the first to fifth impedance values Z,,
Z,, Z5, Z4, and Z5 while changing a measurement mode of the impedance measurer 120.

[0158] 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 firstimpedance value Z, under the first mode.
The impedance measurer 120 may measure the firstimpedance value Z, by measuring a voltage by using the voltmeter
124.
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[0159] 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 operating
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 measurement.

[0160] 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 Z5 according to the
third mode. According to the third mode, a 3-point measurement may be performed with the second electrode 110b not
being used for impedance measurement.

[0161] 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 Z, according to the
fourth mode. According to the fourth mode, a 3-point measurement may be performed with the third electrode 110c not
being used for impedance measurement.

[0162] 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 Zg according to the
fifth mode. According to the fifth mode, a 3-point measurement may be performed with the fourth electrode 110d not
being used for impedance measurement.

[0163] 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 Z5 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 Zc1, Zc2, 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.

[0164] FIG. 29 is a flowchart illustrating a method of measuring a bio signal according to an exemplary embodiment.
[0165] Referring to FIG. 29, the impedance measurer 120 may measure not only a voltage between the electrodes
110b and 110c but also a current amount supplied to the electrode unit 110 under each mode. Also, the first and second
impedance values Z,p and Z,p may be determined by taking into account not only a voltage Vm measured by the
voltmeter 124 but also a current |, measured by the amperemeter 125 according to each mode.

[0166] Hereinafter, respective operations of FIG. 29 are described with reference to FIGS. 20 to 23.

[0167] In operation 1310, the electrodes are positioned to contact a surface of the examinee.

[0168] In operation 1320, the mode controller 130 may switch the impedance measurer 120 to the first mode as
illustrated in FIG. 20.

[0169] In operation 1330, the amperemeter 125 of the impedance measurer 120 may measure a current amount |,
supplied to the electrode unit 110. The amperemeter 125 may measure the current amount |4, thereby reflecting a change
of the current amount |4 supplied to the electrode unit 110 due to the internal impedance Zs of the current source 122
while obtaining the bio impedance Zm.

[0170] In operation 1340, the bio impedance obtainer 140 may determine the firstimpedance 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 Z,p 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 145a that determines the first impedance value Z4p.

[0171] In operation 1350, the mode controller 130 switches the impedance measurer 120 to the second mode as
illustrated in FIG. 21.

[0172] In operation 1360, the amperemeter 125 of the impedance measurer 120 may measure a current amount |,
supplied to the electrode unit 110. The amperemeter 125 may measure the current amount |4, thereby reflecting a change
of the current amount |4 supplied to the electrode unit 110 due to the internal impedance Zs of the current source 122
while obtaining the bio impedance Zm.

[0173] In operation 1370, the bio impedance obtainer 140 may determine the second impedance value Z,p from a
voltage Vm and the current |, measured according to the second mode. The bio impedance obtainer 140 may determine
the second impedance value Z,p 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 145b that determines the second impedance
value Z,p.

[0174] In operation 1380, the bio impedance obtainer 140 may obtain the bio impedance Zm from the first and second
impedance values Z,p and Z,p. In this case, the bio impedance 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 determining the first and second impedance values Z,p and Z,p,
the bio impedance obtainer 140 may obtain the bio impedance Zm even without using the internal impedance value Zs.
[0175] 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. 1 to 29.

[0176] The apparatus for measuring a bio signal according to the exemplary embodiments may measure the bio
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impedance regardless of contact impedance.

[0177] 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.

[0178] 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.
[0179] 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 permanent storage unit such as a disk drive, a communications
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 processor.

[0180] The exemplary embodiments may be described in terms of functional block components and various processing
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 exemplary embodiments may employ various integrated circuit (IC)
components, e.g., memory elements, processing elements, 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 implemented 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 techniques
for electronics configuration, signal processing and/or control, data processing and the like. The words "mechanism,"
"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.

[0181] The particular implementations shown and described herein are illustrative examples of the exemplary embod-
iments 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 development 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.

[0182] 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
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 otherwise 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 embod-
iments 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 scope
of the exemplary embodiments.

Claims
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 examinee;
switching an impedance measurer, included as part of the bio signal measuring apparatus and comprising a
voltmeter 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;
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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.

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 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.

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.

The method of one of claims 1 to 3, wherein the obtaining of the bio impedance of the examinee comprises:
obtaining the bio impedance of the examinee 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 internal
impedance of the current source.

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:

Equation 1

_ B+Z)B+Z)
" 2L OB+Z +Z)+Z,Z

where B is defined by Equation 2,

Equation 2
2
PP
Z iP Zi ZS

where Z,p =a first impedance value, Z,p = a second impedance value, Z; = an input impedance value of the
impedance measurer, and Z, = the internal impedance of the current source.

The method of one of claims 1 to 5, further comprising:

changing an effective value of the internal impedance of the current source by connecting a parallel impedance
to the current source,
wherein the parallel impedance is smaller than the internal impedance of the current source.

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,

and optionally 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.
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The method of claim 7, 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 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.

The method of claim 8, 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 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, and/or

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 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, and/or

wherein the obtaining of the bio impedance of the examinee comprises:

obtaining the bio impedance of the examinee 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.

The method of claim 1,
wherein the impedance measurer further comprises an amperemeter,
wherein the measuring of the first impedance value comprises:

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; and

determining the 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;

wherein the measuring of the second impedance value comprises:

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; and

determining the 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.

The method of one of claims 1 to 10, further comprising:

outputting bio information of the examinee based on the bio impedance of the examinee,

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.
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12. 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 measurer is operating 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 and the internal impedance of the current source.

13. The apparatus of claim 12, 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,
and optionally wherein 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, and
the first electrode and the second electrode are short-circuited, and the third electrode and the fourth electrode are
short-circuited, when the impedance measurer operates according to the second mode.

14. The apparatus of claim 12 or 13, 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 impedance of the current source, and
wherein the bio impedance obtainer is configured to obtain the bio impedance by using Equation 1:

Equation 1

_ B+Z)B+Zs)
" 2.+ 2, +Z)+ 2.2

where B is defined by Equation 2,

Equation 2

where Z,p=afirstimpedance value, Z,p = asecond impedance value, Z=an inputimpedance value of the impedance
measurer, and Z = the internal impedance of the current source.

15. The apparatus of claim 12,
wherein the impedance measurer further comprises an amperemeter provided between the current source and the
electrode unit and configured to measure a current amount supplied from the current source to the electrode unit,
wherein the first impedance 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
wherein 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 measurer operates according to the second mode.
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