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Description
FIELD OF THE INVENTION

[0001] Methods and apparatuses consistent with ex-
emplary embodiments relate to a method and an appa-
ratus for measuring body fat.

BACKGROUND OF THE INVENTION

[0002] Traditionally a bio impedance is measured by
using large electrodes placed in contact with the body of
a user and the body fat is determined from the measured
bio impedance. Accordingly, a body fat analyzer is able
to accurately measure an accumulated amount of body
fat in each body part of the user.

[0003] When the body fat is measured via the bio im-
pedance, large electrodes are placed in direct contact
with a body part of the user, and a contact resistance
generated affects the measured value of the bio imped-
ance.

[0004] United States Patent Application Publication
Number US 2011/0208458 A1 discloses an impedance
measurement circuit that is operable in a two-point and
four-point measurement mode.

[0005] United States Patent Application Publication
Number US 2006/0224080 A1 discloses abody fatmeas-
uring apparatus which is adapted to flow a constant elec-
tric-current between hand electrodes and leg electrodes.
[0006] DE20200048U discloses a cuff to be worn on
the wrist to measure body fat by using four electrodes,
on both sides of the cuff, in a four-point measurement
mode.

SUMMARY OF THE INVENTION

[0007] Theinventionis defined by the claims. Methods
and apparatuses consistent with exemplary embodi-
ments provide for measuring body fat without any influ-
ence of a contact resistance between electrodes and a
body part.

[0008] Accordingto anaspectofanexemplary embod-
iment, there is a computer readable medium having em-
bodied thereon a computer program for executing the
method. However, the technical goal of the inventive con-
cept is not limited thereto, and other technical goals may
be inferred from the following embodiments of the inven-
tive concept.

[0009] 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.

[0010] Accordingto anaspectofanexemplary embod-
iment, a method of measuring body fat of a user, includes:
measuring a first impedance by using a 4-point measur-
ing method; measuring a second impedance by using a
2-point measuring method; determining a bioimpedance
by using the firstimpedance and the second impedance;
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and determining a body fat percentage by using the bio
impedance and body information of the user.

[0011] The determining of the bio impedance may be
performed by using a look-up table. The determining of
the bio impedance may be calculated using a central
processing unit (CPU) according to values of the first
impedance and the second impedance.

BRIEF DESCRIPTION OF THE EMBODIMENTS

[0012] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of exemplary embodiments, taken in conjunc-
tion with the accompanying drawings in which:

FIG. 1 illustrates a body fat analyzer according to an
exemplary embodiment;

FIGS. 2A through 2D illustrate processes performed
by the body fat analyzer to determine a body fat per-
centage;

FIG. 3isadiagram of the body fat analyzer according
to an exemplary embodiment;

FIG. 4 illustrates the body fat analyzer according to
an exemplary embodiment;

FIG. 5 is a circuit diagram of the body fat analyzer
according to an exemplary embodiment;

FIG. 6 is a circuit diagram of the body fat analyzer
according to an exemplary embodiment;

FIG. 7 is a circuit diagram of a process in which a 4-
point measuring method is converted into a 2-point
measuring method according to an exemplary em-
bodiment;

FIG. 8 illustrates the body fat analyzer according to
a comparative example;

FIG.9is adiagram of the body fat analyzer according
to another comparative example;

FIG. 10 is a circuit diagram of the body fat analyzer
according to another comparative example;

FIG. 11 is a circuit diagram of the body fat analyzer
according to another comparative example;

FIG. 12 is a flowchart illustrating a method of meas-
uring body fat, according to an exemplary embodi-
ment; and

FIG. 13 is a flowchart illustrating a method of meas-
uring body fat, according to an exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0013] Hereinafter, exemplary embodiments will be
described in detail with reference to the attached draw-
ings. The present disclosure may be achieved in various
forms and is not limited to the following exemplary em-
bodiments. For convenience of description, parts not di-
rectly related to the present disclosure are omitted, and
like numerals refer to like elements throughout. Expres-
sions such as "at least one of," when preceding a list of
elements, modify the entire list of elements and do not
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modify the individual elements of the list.

[0014] FIG. 1 illustrates a body fat analyzer 100 ac-
cording to an exemplary embodiment. A user wears the
body fat analyzer 100 and touches a side thereof with a
finger in order to obtain a body fat percentage. The body
fat analyzer 100 applies a current to the finger via elec-
trodes and measures a voltage between the electrodes.
The body fat analyzer 100 then determines an imped-
ance by using the measured voltage and determines a
body fat percentage of the user by using the determined
impedance and other body information of the user.
[0015] FIG. 1 illustrates the body fat analyzer 100 that
displays the body fat percentage of the user. The exem-
plary user wearing the body fat analyzer 100 has a body
fat percentage of about 12.3%.

[0016] Like the electrodes of the body fat analyzer 100
of FIG. 1, other small electrodes may be used to deter-
mine the body fat percentage by using a small electronic
device. However, as sizes of the electrodes decrease, a
contact resistance generated by contact of body parts
increases. Contact resistance affects the measured val-
ue of the bio impedance. When the body fat analyzer 100
is wearable, the electrodes are smaller, and thus, it may
be difficult to accurately determine the body fat percent-
age due to the large contact resistance. Therefore, when
the body fat analyzer 100 is used, an accurate determi-
nation of the body fat percentage of the user needs an
accurate measurement of the bio impedance without any
influence of the contact resistance.

[0017] The body fat analyzer 100 determines the body
fat percentage based on the determined bio impedance.
The body fat analyzer 100 determines the body fat per-
centage ofthe user by using the bio impedance and other
body information of the user. The body information of the
user may include one or more of the age, height, weight,
etc. of the user. The impedance measured by the body
fat analyzer 100 corresponds to a voltage measured in
accordance with the current applied by the body fat an-
alyzer 100, and the bio impedance is determined using
various elements, such as the contact resistance.
[0018] The body fat analyzer 100 measures imped-
ance in two manners and then determines the bio imped-
ance. In detail, the body fat analyzer 100 measures the
impedance twice by using a different number of elec-
trodes. For example, the body fat analyzer 100 first uses
four electrodes which contact a body part of the user so
as to measure a firstimpedance and then uses two elec-
trodes which contact a body part of the user so as to
measure a second impedance. The body fat analyzer
100 then determines the body fat percentage by using
the first impedance and the second impedance.

[0019] Thebody fatanalyzer 100 is a wearable device,
for example, a smart watch or a smart ring. The elec-
trodes may be arranged on an inner surface of the body
fat analyzer 100. The electrodes on the inner surface
contact the user when the user wears the body fat ana-
lyzer 100. The electrodes may also be arranged on an
outer surface of the body fat analyzer 100. The electrodes

10

15

20

25

30

35

40

45

50

55

arranged on the outer surface of the body fat analyzer
100 may contact a body part of the user through a sep-
arate action of the user.

[0020] FIGS. 2A through 2D illustrate processes per-
formed by the body fat analyzer 100 in order to determine
a body fat percentage. As shown in FIGS. 2A through
2D, the body fat analyzer 100 may include a user inter-
face.

[0021] In FIG. 2A, the body fat analyzer 100 displays
the expression "measure body fat". The body fatanalyzer
100 indicates that it will perform a process for measuring
the body fat.

[0022] In FIG. 2B, the body fat analyzer 100 displays
the expression "contact electrodes". The body fat ana-
lyzer 100 may indicate which electrodes are currently in
contact with a body part of the user. In FIG. 2B, four
squares are displayed on a right side of the body fat an-
alyzer 100 to indicate the electrodes, and colors, dots,
etc. in the squares indicate which of the electrodes are
in contact with a body part of the user. In FIG. 2C, the
body fat analyzer 100 displays the expression "measur-
ing..." while the bio impedance, the body fat percentage,
etc. are being determined, and may inform the user of a
current state.

[0023] In FIG. 2D, the body fat analyzer 100 displays
the expression "body fat percentage: 12.3%". The body
fat analyzer 100 determines the body fat percentage of
the user and displays the determined body fat percent-
age.

[0024] FIG. 3is adiagram of the body fat analyzer 100
according to an exemplary embodiment. Referring to
FIG. 3, the body fat analyzer 100 includes an electrode
unit 110, an impedance measuring unit 120, a bio imped-
ance determination unit 130, and a body fat determina-
tion unit 140. The body fat analyzer 100 may determine
the bio impedance so that a determination result is inde-
pendent of a contact resistance.

[0025] The electrode unit 110 includes multiple elec-
trodes. The electrodes contact body parts of the user,
and a contact resistance is generated between the elec-
trodes and the body parts. The contact resistance is in-
versely proportional to sizes of the electrodes.

[0026] The body fatanalyzer 100 is a wearable device,
such as a smart watch. When the body fat analyzer 100
is worn, some of the electrodes contact a body part of
the user. Also, other electrodes may contact the body
part of the user due to various actions of the user.
[0027] The impedance measuring unit 120 measures
the impedance by using a bio impedance analyzer (BIA)
method. The impedance measuring unit 120 applies a
current to the body of the user through the electrodes
and measures a voltage between the electrodes so as
to measure the impedance. The impedance measuring
unit 120 determines a ratio of the applied current to the
voltage in order to measure the impedance.

[0028] The impedance measuring unit 120 first meas-
ures a first impedance with regard to the user by using
a 4-point measuring method. In other words, the imped-
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ance measuring unit 120 measures the first impedance
by using four electrodes. The impedance measuring unit
120 applies a constant current to the body of the user
through two of four electrodes and measures the first
impedance through the other two electrodes. The con-
stant current has a constant intensity. Therefore, the im-
pedance measuring unit 120 measures a voltage level
to determine the impedance.

[0029] The impedance measuring unit 120 may
change the number of electrodes used to measure the
impedance from four to two and then measure a second
impedance with regard to the user by using a 2-point
measuring method. In other words, the impedance meas-
uring unit 120 measures the second impedance by using
two electrodes. The impedance measuring unit 120 may
include a switch and may connect two electrodes by con-
trolling the switch.

[0030] By controlling the switch, the impedance meas-
uring unit 120 may connect a current electrode and a
voltage electrode, among the four electrodes. The cur-
rent electrode is an electrode to which the constant cur-
rent is applied in the 4-point measuring method, and the
voltage electrode is an electrode connected to a voltage
meter in the 4-point measuring method. When the current
and voltage electrodes are connected to each other, they
operate as a single electrode having twice the area of
each of the individual electrode. The impedance meas-
uring unit 120 measures the second impedance via the
current and voltage electrodes which are connected to
each other using the 2-point measuring method.

[0031] According to a comparative example outside
the scope of the invention, the impedance measuring unit
120 may include two additional electrodes, and measure
the second impedance through two additional elec-
trodes. In other words, the body fat analyzer 100 may
include six electrodes in total, perform a 4-point meas-
urement by using four electrodes and perform a 2-point
measurement by using the remaining two electrodes.
The 4-point measurement and the 2-point measurement
are performed with respect to the same body part of the
user.

[0032] The 4-point measurement and the 2-point
measurement will be described in detail with reference
to FIG. 5.

[0033] The bio impedance determination unit 130 de-
termines the bio impedance of the user by using the first
impedance and the second impedance. The bio imped-
ance is necessary to determine the body fat percentage
and differs according to characteristics of a body of the
user. In other words, the bio impedance differs according
to the body fat percentage.

[0034] When the first impedance and the second im-
pedance are measured, the bio impedance determina-
tion unit 130 determines the bio impedance according to
the measured first impedance and the second imped-
ance. The first impedance and the second impedance
are respectively included in interaction formulas also in-
cluding the bio impedance and the contact resistance as
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variables. The interaction formulas include a first inter-
action formula in which the first impedance, the bio im-
pedance, and the contact resistance are variables. The
interaction formulas alsoinclude a second interaction for-
mula in which the second impedance, the bio impedance
and the contact resistance are variables. Therefore, the
bioimpedance determination unit 130 may determine the
bio impedance from the first and second interaction for-
mulas, independent of the contact resistance.

[0035] The first interaction formula used in the 4-point
measuring method is given by Formula 1.

[Formula 1]

1
Z +2R
[ S ——
Z.

I

Z4P :ﬁ(zm’Rc’Zi):Zm

where Z,p is the first impedance measured using a volt-
age meter, Z,,,is a desired bio impedance, R is a contact
resistance, Ziis impedance of an analog front end (AFE),
and the AFE is an analog circuit. Referring to Formula 1,
if Zi is infinite, Z4p and Z,,, are identical. However, Zi is
actually finite, and thus, as the contact resistance in-
creases, Z,p becomes smaller than Z,.

[0036] Also, the second interaction formula used in the
2-point measuring method is given by Formula 2.

[Formula 2]

Zop = o(Zys R, Z)) = ———

7+7
Z +R  Z

where Z,p is the second impedance measured by using
the voltage meter.

[0037] Referring to Formula 1 and Formula 2, Z,5 and
Z,p are measured values, and Zi is a value determined
according to properties of the AFE. Therefore, Formula
1 and Formula 2 may be simultaneously solved to deter-
mine Z,,, and Rc. Although a value of R is not found or
determined, Z,, may be determined.

[0038] Accordingtoanexemplary embodiment, the bio
impedance determination unit 130 determines the bio im-
pedance with regard to the firstimpedance and the sec-
ond impedance by using a look-up table stored in mem-
ory. The firstimpedance and the second impedance are
input to the look-up table, the bio impedance is output
from the look-up table, and the values of the bio imped-
ance determined according to the first impedance and
the second impedance are stored in the look-up table.
[0039] Also instead of using a look-up table, the bio
impedance determination unit 130 may include CPU
which calculates the bio impedance according to values
of the first impedance and the second impedance. The
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CPU may determine the bio impedance by using the first
interaction formula, the second interaction formula, the
first impedance, and the second impedance.

[0040] The body fat determination unit 140 determines
the body fat percentage of the user by using the bio im-
pedance and the body information of the user. The body
information of the user is received from the user. The
body information of the user may include information
such as age, height, weight, or the like of the user.
[0041] FIG. 4 illustrates the body fat analyzer 100 ac-
cording to an exemplary embodiment. Referring to FIG.
4, the body fat analyzer 100 includes electrodes 111 and
a sensor 200. The body fat analyzer 100 of FIG. 4 in-
cludes four electrodes 111 identical in size and compo-
sition, but the number, size, and composition of elec-
trodes are not limited thereto.

[0042] FIG. 4 illustrates an exemplary embodiment
where the body fat analyzer 100 is a smart watch.
[0043] The electrodes 111 may contact a body part of
the user. Two of the electrodes 111 are arranged on an
inner surface of the body fat analyzer 100, and the other
two of the electrodes 111 are arranged on an outer sur-
face of the body fat analyzer 100. For example, when the
user wears the body fat analyzer 100 on the left wrist,
the two of the electrodes 111, which are arranged on the
inner surface of the body fat analyzer 100, naturally con-
tact the body part of the user. Also, the other electrodes
111 may come in contact with the right hand of the user.
In other words, the user may touch the electrodes 111
which are arranged on the outer surface of the body fat
analyzer 100 with the right hand.

[0044] The sensor 200 detects whether the user wears
the body fat analyzer 100. The sensor 200 may be a
proximity sensor, a temperature sensor, or the like. If the
sensor 200 is a proximity sensor, a distance between the
sensor 200 and the user is measured. Therefore, when
the sensor 200 and the user are within a certain distance
from each other, the body fatanalyzer 100 may determine
that the user is wearing the body fat analyzer 100. If the
sensor 200 is a temperature sensor, the sensor 200 may
detect a temperature, and when a certain temperature is
detected, the body fat analyzer 100 may determine that
the user is wearing the body fat analyzer 100. When the
body fat analyzer 100 determines that the user is wearing
the body fat analyzer 100, the body fat analyzer 100 may
perform a process for determining the body fat percent-
age.

[0045] FIG. 5 is a circuit diagram of the body fat ana-
lyzer 100 according to an exemplary embodiment. Re-
ferring to FIG. 5, the body fat analyzer 100 includes a
switch 124 for interconnecting the electrodes according
to the 4-point measuring method and the 2-point meas-
uring method.

[0046] Regarding FIG. 5, Z,, is a bio impedance and
indicates a body part impedance, R is a contact resist-
ance generated by the electrodes 111, SW indicates the
switches 124, Zi is an impedance of AFE, Vm is a voltage
meter 121, | is a current source 122, ADC is an analog
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to digital converter 123, and CPU is a central processing
unit 131. The impedance measuring unit 120 includes
the switches 124, the voltage meter 121, the current
source 122, and the ADC 123. The impedance measur-
ing unit 120 converts a measured voltage from an analog
value to a digital value and outputs the converted value
to the CPU 131. The switches 124 may electrically con-
nect pairs of the four electrodes 111 to form two elec-
trodes 111. Specifically, the switches 124 may respec-
tively connect a terminal to which a current is applied and
aterminal where a voltage is measured. Therefore, when
the switches 124 are closed, the four electrodes 111 are
reconfigured to function as two electrodes 111. If each
of the four electrodes 111 is identical in size, each of the
reconfigured two electrodes 111 is twice the size of one
of the four electrodes.

[0047] The current source 122 applies a current to the
body part of the user through the electrodes 111. The
currentsource 122 may apply a currenthaving a constant
intensity to the body part of the user.

[0048] The voltage meter 121 measures a voltage be-
tween the electrodes 111. The voltage meter 121 outputs
the measured voltage to the ADC 123.

[0049] The ADC 123 converts an input voltage from an
analog form to a digital form. Because an intensity of the
currentis fixed, an intensity of the measured voltage may
be proportional to the bio impedance.

[0050] The bio impedance determination unit 130 in-
cludes the CPU 131. The CPU 131 may determine the
bio impedance according to an input digital voltage. The
CPU 131 calculates the bio impedance according to the
first interaction formula, the second interaction formula,
and the two voltages which are input. The two voltages
are a voltage measured by using the four electrodes 111
and a voltage measured by using the two electrodes 111.
[0051] FIG. 6 is a circuit diagram of the body fat ana-
lyzer according to an exemplary embodiment. Referring
to FIG. 6, the bio impedance determination unit 130 may
determine the bio impedance by using a look-up table
133 stored in memory.

[0052] The bio impedance acquiring unit 130 includes
two switches 134 and 135, registers 132, and the look-
up table 133.

[0053] Whether the switches are connected is deter-
mined according to the measuring method being used.
For example, when the 4-point measuring method is
used, an upper switch 134 may be closed and a lower
switch 135 may be open. When the 2-point measuring
method is used, the upper switch 134 may be open and
the lower switch 135 may be closed. The registers 132
may store voltages. For example, when the 4-point meas-
uring method is used, voltages may be stored in an upper
register 132, and when the 2-point measuring method is
used, voltages may be stored in a lower register 132.
[0054] The voltages stored in the registers 132 are
cross-referenced with the look-up table 133, and a bio
impedance value corresponding to the voltages in the
look-up table is determined. When two voltages are



9 EP 3 011 901 B1 10

stored in the look-up table 133, the look-up table 133
determines values corresponding to the two values. For
example, the look-up table 133 may be a 2dimensional
table storing voltages. A horizontal axis indicates an im-
pedance measured using the 4-point measuring method,
and a vertical axis indicates impedance measured using
the 2-point measuring method. Therefore, when values
ofthe horizontal axis and the vertical axis are determined,
a bio impedance corresponding to the values on the hor-
izontal axis and the vertical axis may be determined from
the look-up table.

[0055] The CPU extracts the bio impedance from the
look-up table 133 and outputs the determined value to
the body fat determination unit 140.

[0056] FIG. 7 isacircuitdiagram of a process of chang-
ing a 4-point measuring method to a 2-point measuring
method. Referring to FIG. 7, the electrodes 111 are first
disconnected and then the switches 124 may be closed,
connecting the electrodes 111 to each other, and thus,
the number of electrodes 111 changes from four to two.
When the body fat analyzer 100 measures the imped-
ance using the 4-point measuring method, the current
source 122 and the voltage meter 121 are respectively
connected to different electrodes 111.

[0057] When the body fat analyzer 100 measures the
impedance using the 2-point measuring method, the cur-
rent source 122 and the voltage meter 121 are connected
to the same electrode 111.

[0058] When the electrodes 111 are electrically con-
nected to each other via the switch 124, a contact resist-
ance between the electrodes 111 and the body parts de-
creases to half the contact resistance, as shown in the
circuit diagram for explaining the 2-point measurement.
Therefore, a contact resistance Rc of the 4-point meas-
urement becomes 1/2 Rc in the the 2-point measure-
ment.

[0059] FIG. 8 illustrates the body fat analyzer 800 ac-
cording to a comparative example outside the scope of
the invention. Referring to FIG. 8, the body fat analyzer
800 further includes second electrodes 820.

[0060] In the body fat analyzer 800 of FIG. 4, the
number of electrodes 111 changes from four to two, and
then the impedance is measured. In the exemplary body
fat analyzer 100 of FIG. 8, second electrodes 820 are
further included in addition to first electrodes 810. There-
fore, the body fat analyzer 800 of FIG. 8 does not require
the switch 124 and a process for changing the number
of electrodes. Accordingly, the body fat analyzer of FIG.
8 may quickly measure the firstimpedance and the sec-
ond impedance.

[0061] The body fat analyzer 800 includes two pairs of
first electrodes 810 and one pair of the second electrodes
820. Two first electrodes 810 are arranged on the inner
surface of the body fat analyzer 800, and other two first
electrodes 810 are arranged on the outer surface of the
body fat analyzer 800. One second electrode 820 is ar-
ranged on the inner surface of the body fat analyzer 800,
and the other second electrode 820 is arranged on the
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outer surface of the body fat analyzer 800. Therefore,
three electrodes are respectively arranged on the inner
surface of the body fat analyzer 800 and three electrodes
arerespectively arranged on the outer surface ofthe body
fat analyzer 800. For example, the electrodes 810 and
820 may be arranged on the inner surface of the body
fat analyzer 800 in parallel or may be arranged adjacent
to each other. Also, the electrodes 810 and 820 may be
arranged on the outer surface of the body fat analyzer
800 in parallel or may be arranged adjacent to each other.
[0062] The first electrodes 810 are used to measure
the firstimpedance using the 4-point measuring method,
and the second electrodes 820 are used to measure the
second impedance using the 2-point measuring method.
[0063] When the 4-point measuring method is per-
formed, an interface formula which is the same as For-
mula 1 is used. When the 2-point measuring method is
performed, the following Formula 3 is used.

[Formula 3]

Zyp :.fZ(Zm’Rc’Zi):ﬁ

7+7
Z +2R Z,

[0064] FIG. 9 illustrates a diagram of the body fat an-
alyzer of FIG. 8. Referring to FIG. 9, the impedance
measuring unit 120 includes a firstimpedance measuring
unit 910 and a second impedance measuring unit 920.
[0065] The firstimpedance measuring unit 910 is con-
nected to four electrodes 901, and the secondimpedance
measuring unit 920 is connected to two electrodes 902.
The electrodes 901 correspond to the first electrodes 810
of FIG. 8, and the electrodes 902 correspond to the sec-
ond electrodes 820 of FIG. 8.

[0066] The firstimpedance measuring unit 910 meas-
ures a first impedance by using the electrodes 901 and
measures a second impedance by using the electrodes
902. The impedance measuring unit then outputs the
measured first and second impedance to the bio imped-
ance acquiring unit 130.

[0067] FIG. 10 is a circuit diagram of the body fat an-
alyzer 800. Referring to FIG. 10, the first impedance
measuring unit 910 and the second impedance measur-
ing unit 920 may be implemented as separate circuits.
[0068] The firstimpedance measuring unit910 andthe
second impedance measuring unit 920 each include a
voltage meter 121 and a current source 122. Therefore,
the first impedance measuring unit 910 and the second
impedance measuring unit 920 may independently
measure a respective impedance. The first impedance
measuring unit 910 and the second impedance measur-
ing unit 920 may simultaneously or sequentially measure
a first impedance and a second impedance.

[0069] The firstimpedance measuring unit910 andthe
second impedance measuring unit 920 respectively out-
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put the first measured impedance and the second meas-
ured impedance, which are indicated by voltage values,
to the ADC 123. The ADC 123 converts the received
voltage values into digital signals and outputs the con-
verted digital signals to the CPU 131. The CPU 131 may
determine the bio impedance by using the two output
voltages converted to the digital signals.

[0070] FIG. 11 is a circuit diagram of the body fat an-
alyzer 800. According to the example of FIG. 10, the CPU
131 determines the bio impedance based on the meas-
ured voltages. According to the example of FIG. 11, the
bio impedance is determined via the look-up table 133,
based on the impedance values stored in the registers
132. The bio impedance determination units 130 of FIG.
6 and FIG. 11 have the same structure, but the electrodes
111 and the impedance measuring units 120 thereof
have different structures. Therefore, the descriptions with
regard to the bio impedance acquiring unit 130 of FIG. 6
are the same as those with regard to the bio impedance
acquiring unit 130 of FIG. 11.

[0071] FIG. 12 is a flowchart illustrating a method of
measuring body fat, according to an exemplary embod-
iment. Referring to FIG. 12, the body fat analyzer 100
may determine a body fat percentage by using two meas-
uring methods.

[0072] In operation 1210, the body fat analyzer meas-
ures afirstimpedance using a 4-point measuring method.
The body fat analyzer measures the firstimpedance by
using four electrodes. Two of the four electrodes are used
to apply a current to the body of the user and the other
two electrodes are used to measure a voltage.

[0073] In operation 1220, the body fat analyzer meas-
ures a second impedance using the 2-point measuring
method. The body fat analyzer measures the second im-
pedance by using two electrodes. The electrodes are
used to simultaneously apply a current and measure a
voltage. The body fat analyzer may electrically change
the four electrodes into two electrodes. Also, the body
fatanalyzer may further include two electrodes in addition
to the four electrodes.

[0074] In operation 1230, the body fat analyzer deter-
mines the bio impedance of the user by using the first
impedance and the second impedance. The body fat an-
alyzer may determine the bio impedance without any in-
fluence due to a contactresistance. The body fatanalyzer
determines the bio impedance without any influence of
the contact resistance by using a first interaction formula
with regard to the first impedance and a second interac-
tion formula with regard to the second impedance. There-
fore, although sizes of the electrodes are small, the body
fat analyzer may accurately measure the bio impedance.
[0075] In operation 1240, the body fat analyzer deter-
mines a body fat percentage of the user by using the bio
impedance and body information of the user. The body
fat analyzer receives one or more of the age, height,
weight, etc. from the user and determines the body fat
percentage based on the received body information and
the bio impedance. The determined body fat percentage
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is displayed on a display unit as shown in FIG. 2.
[0076] FIG. 13 is a flowchart illustrating a method of
measuring body fat, according to an exemplary embod-
iment. Referring to FIG. 13, the body fat analyzer may
determine a body fat percentage using two methods.
[0077] Inoperation 1310, the body fat analyzer detects
a contact state for each of the electrodes 111. The body
fat analyzer determines whether each of the electrodes
makes contact with the body.

[0078] In operation 1320, the body fat analyzer meas-
ures afirstimpedance using the 4-point measuring meth-
od.

[0079] In operation 1330, the body fat analyzer meas-
ures a second impedance using the 2-point measuring
method.

[0080] In operation 1340, the body fat analyzer deter-
mines the validity of the first impedance and the second
impedance. For example, the body fat analyzer may de-
termine the validity of the firstimpedance and the second
impedance according to a contact state of the electrodes
111. Ifthe impedance is measured without the electrodes
111 contacting the body of the user, the measurement
value is considered to be invalid. Therefore, the body fat
analyzer the validity of the measurement results may be
determined by checking the state of the various elec-
trodes when the impedance is measured.

[0081] In another example, the body fat analyzer may
determine the validity of the impedance according to a
value of the measured impedance. The body fat analyzer
may set an impedance range corresponding to a human
body and may determine the validity of the measured
impedance by checking whether the measured imped-
ance is in the above range.

[0082] If the first impedance and the second imped-
ance are valid, operation 1350 is performed, and if the
first impedance and the second impedance are invalid,
operation 1320 is again performed.

[0083] In operation 1350, the body fat analyzer deter-
mines the bio impedance of the user by using the first
impedance and the second impedance.

[0084] In operation 1360, the body fat analyzer deter-
mines the body fat percentage of the user by using the
bio impedance and the body information of the user. The
body fat analyzerreceives one or more of the age, height,
weight, etc. from the user and determines the body fat
percentage based on the received body information and
the bio impedance.

[0085] As described above, according to one or more
exemplary embodiments, a body fat analyzer may deter-
mine a body fat percentage without any influence of a
contact resistance. Accordingly, the body fat analyzer
may determine the body fat percentage by using a small-
sized electrode.

[0086] The body fat analyzer described herein may
comprise a processor, a memory for storing and execut-
ing program data, a permanent storage unit, such as a
disk drive, a communications port communicating with
external devices, and one or more userinterface devices,
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such as a touch panel, keys, buttons, etc. Software mod-
ules or algorithms may be stored as program instructions
or computer readable codes executable on a processor
on a computer-readable medium. Examples of the com-
puterreadable recording medium include read only mem-
ory (ROM), magnetic storage media (e.g., floppy disks,
hard disks, etc.), and optical recording media (e.g., CD-
ROMs, or DVDs). The computer readable recording me-
dium can also be distributed over network coupled com-
puter 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.

[0087] 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 exam-
ple, the present invention 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 con-
trol devices. Similarly, where the elements of the present
invention are implemented using software programming
or software elements, the invention may be implemented
with any programming or scripting language, such as C,
C++, Java, assembler language, or the like, with the var-
ious algorithms being implemented with any combination
of data structures, objects, processes, routines or other
programming elements. Functional aspects may be im-
plemented in algorithms thatare executed on one or more
processors. Furthermore, exemplary embodiments
could employ any number of conventional techniques for
electronics configuration, signal processing and/or con-
trol, data processing and the like. The words "mecha-
nism", "element", "means", and "configuration" are used
broadly and are not limited to mechanical or physical em-
bodiments, but can include software routines in conjunc-
tion with processors, etc. The particular implementations
shown and described herein are illustrative examples
and are not intended to otherwise limit the scope of the
disclosure in any way. For the sake of brevity, conven-
tional electronics, control systems, software develop-
ment and other functional aspects of the systems may
not be described in detail. Furthermore, the connecting
lines, or connectors shown in the various figures present-
ed are intended to represent exemplary functional rela-
tionships and/or physical or logical couplings between
the various elements. It should be noted that many alter-
native or additional functional relationships, physical con-
nections or logical connections may be presentin a prac-
tical device.

[0088] The use of the terms "a" and "an" and "the" and
similar referents in the context of describing 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
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herein are merely intended to serve as a shorthand meth-
od 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 oth-
erwise 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 invention and does not
pose a limitation on the scope of the invention unless
otherwise claimed. The invention is defined by appended
claims 1-8.

Claims

1. Abody fat analyzer (100) for measuring the body fat
of a user, the body fat analyzer (100) comprising:
a first electrode, a second electrode, a third elec-
trode, and a fourth electrode (111) to be placed in
contact with the user;
and a processor (131) configured to:

determine a firstimpedance of the user by using
the first electrode, the second electrode, the
third electrode, and the fourth electrode (111)
via a four-point measuring method;

determine a second impedance of the user by
using the first electrode, the second electrode,
the third electrode, and the fourth electrode
(111) via a two-point measuring method, where-
in the first electrode and the second electrode
are connected to each other and the third elec-
trode and the fourth electrode are connected to
each other;

calculate a bio-impedance of the user based on
the firstimpedance and the second impedance;
and

calculate the body fat ofthe user as a percentage
value from the bio-impedance and body infor-
mation of the user.

2. The body fat analyzer (100) of claim 1, wherein the
processor (131) is further configured to:

determine the firstimpedance by applying a con-
stant current across the first electrode and the
fourth electrode and by measuring a voltage
across the second electrode and the third elec-
trode, and

determine the second impedance by applying a
constant current across an electrode formed by
the first electrode and the second electrode and
another electrode formed by the third electrode
and the fourth electrode and by measuring a
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voltage across the electrode formed by the first
electrode and the second electrode and the oth-
er electrode formed by the third electrode and
the fourth electrode.

The body fat analyzer (100) of claim 1, wherein the
processor (131) is further configured to calculate the
bio-impedance by inputting the first impedance and
the second impedance to a look-up table.

The body fat analyzer (100) of claim 1, wherein the
firstelectrode and the second electrode are arranged
on an inner surface of the body fat analyzer (100),
and the third electrode and the fourth electrode are
arranged on an outer surface of the body fat analyzer
(100).

The body fat analyzer (100) of claim 1, wherein the
first electrode, the second electrode, the third elec-
trode, and the fourth electrode (111) are all of same
size.

A method of measuring body fat of a user by using
the body fat analyzer (100) of any of claims 1 to 5,
the method comprising:

measuring (1210), by using the first electrode,
the second electrode, the third electrode, and
the fourth electrode (111), the first impedance
of the user by using the four-point measuring
method;

measuring (1220), by using the first electrode,
the second electrode, the third electrode, and
the fourth electrode (111), the second imped-
ance of the user by using the two-point meas-
uring method;

calculating (1230), by the processor (131), the
bio-impedance of the user from the first imped-
ance and the second impedance; and
calculating (1240), by the processor (131), the
body fat of the user as the percentage value from
the bio-impedance and the body information of
the user.

The method of claim 6 as dependent from claim 3,
wherein the calculating of the bio-impedance is per-
formed by using the look-up table.

A computer program comprising computer program
code means adapted to perform the method of claim
6 when said program is run on the body fat analyzer
(100) of any of claims 1 to 5.

Patentanspriiche

Korperfettanalysevorrichtung (100) zur Messung
des Korperfetts eines Benutzers, wobei die Korper-
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fettanalysevorrichtung (100) Folgendes umfasst:
eine erste Elektrode, eine zweite Elektrode, eine drit-
te Elektrode und eine vierte Elektrode (111), die in
Kontakt mit dem Benutzer gebracht werden sollen;
und einen Prozessor (131), der zu Folgendem kon-
figuriert ist:

Bestimmen einer ersten Impedanz des Benut-
zers durch Verwenden der ersten Elektrode, der
zweiten Elektrode, der dritten Elektrode und der
vierten Elektrode (111) Uber ein Vier-Punkt-
Messverfahren;

Bestimmen einer zweiten Impedanz des Benut-
zers durch Verwenden der ersten Elektrode, der
zweiten Elektrode, der dritten Elektrode und der
vierten Elektrode (111) Uber ein Zwei-Punkt-
Messverfahren, wobei die erste Elektrode und
die zweite Elektrode miteinander verbunden
sind und die dritte Elektrode und die vierte Elek-
trode miteinander verbunden sind;

Berechnen einer Bioimpedanz des Benutzers
auf Grundlage der ersten Impedanz und der
zweiten Impedanz; und

Berechnen des Korperfetts des Benutzers als
ein Prozentwert aus der Bioimpedanz und den
Informationen Uber den Kérper des Benutzers.

Kérperfettanalysevorrichtung (100) nach Anspruch
1, wobei der Prozessor (131) ferner zu Folgendem
konfiguriert ist:

Bestimmen der ersten Impedanz durch Anlegen ei-
nes konstanten Stroms an der ersten Elektrode und
der vierten Elektrode und durch Messen einer Span-
nung an der zweiten Elektrode und der dritten Elek-
trode, und Bestimmen der zweiten Impedanz durch
Anlegen eines konstanten Stroms an einer Elektro-
de, die durch die erste Elektrode und die zweite Elek-
trode gebildetwird, und einer weiteren Elektrode, die
durch die dritte Elektrode und die vierte Elektrode
gebildet wird, und durch Messen einer Spannung an
der Elektrode, die durch die erste Elektrode und die
zweite Elektrode gebildet wird, und der anderen
Elektrode, die durch die dritte Elektrode und die vier-
te Elektrode gebildet wird.

Kérperfettanalysevorrichtung (100) nach Anspruch
1, wobeider Prozessor (131) ferner dazu konfiguriert
ist, die Bioimpedanz durch Eingeben der ersten Im-
pedanz und der zweiten Impedanz in eine Lookup-
Tabelle zu berechnen.

Kdrperfettanalysevorrichtung (100) nach Anspruch
1, wobei die erste Elektrode und die zweite Elektrode
an einer Innenflache der Kérperfettanalysevorrich-
tung (100) angeordnet sind und die dritte Elektrode
und die vierte Elektrode an einer AuRenflache der
Korperfettanalysevorrichtung (100) angeordnet
sind.
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Korperfettanalysevorrichtung (100) nach Anspruch
1, wobei die erste Elektrode, die zweite Elektrode,
die dritte Elektrode und die vierte Elektrode (111)
alle gleich grof sind.

Verfahren zur Messung von Kérperfett eines Benut-
zers durch Verwenden der Koérperfettanalysevor-
richtung (100) nach einem der Anspriiche 1 bis 5,
wobei das Verfahren Folgendes umfasst:

Messen (1210), durch Verwenden der ersten
Elektrode, der zweiten Elektrode, der dritten
Elektrode und der vierten Elektrode (111), der
ersten Impedanz des Benutzers durch Verwen-
den des Vier-Punkt-Messverfahrens;

Messen (1220), durch Verwenden der ersten
Elektrode, der zweiten Elektrode, der dritten
Elektrode und der vierten Elektrode (111), der
zweiten Impedanz des Benutzers durch Ver-
wenden des Zwei-Punkt-Messverfahrens;
Berechnen (1230), durch den Prozessor (131),
der Bioimpedanz des Benutzers aus der ersten
Impedanz und der zweiten Impedanz; und
Berechnen (1240), durch den Prozessor (131),
des Korperfetts des Benutzers als den Prozent-
wert aus der Bioimpedanz und den Informatio-
nen Uber den Korper des Benutzers.

Verfahren nach Anspruch 6 in Abhéangigkeit von An-
spruch 3, wobei das Berechnen der Bioimpedanz
durch Verwenden der Lookup-Tabelle durchgefihrt
wird.

Computerprogramm, das Computerprogrammco-
demittel umfasst, die dazu ausgelegt sind, das Ver-
fahren nach Anspruch 6 durchzufiihren, wenn das
Programm auf der Korperfettanalysevorrichtung
(100) nach einem der Anspriiche 1 bis 5 betrieben
wird.

Revendications

Analyseur de graisse corporelle (100) pour mesurer
la graisse corporelle d’'un utilisateur, 'analyseur de
graisse corporelle (100) comprenant :

une premiére électrode, une deuxiéme électro-
de, une troisieme électrode et une quatrieme
électrode (111) devant étre placées au contact
de l'utilisateur ; et

un processeur (131) configuré pour :

déterminer une premiére impédance de
I'utilisateur en utilisant la premiere électro-
de, la deuxiéme électrode, latroisiéme élec-
trode et la quatrieme électrode (111) par le
biais d’'une méthode de mesure a quatre
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points ;

déterminer une deuxiéme impédance de
I'utilisateur en utilisant la premiére électro-
de, ladeuxiéme électrode, latroisiéme élec-
trode et la quatrieme électrode (111) par le
biais d’'une méthode de mesure a deux
points, la premiére électrode et la deuxieme
électrode étant connectées I'une a l'autre,
et la troisiéme électrode et la quatrieme
électrode étant connectées l'une a l'autre ;
calculer une bio-impédance de ['utilisateur
basée sur la premiere impédance et la
deuxiéme impédance ; et

calculer la graisse corporelle de I'utilisateur
en tant que pourcentage sur la base de la
bio-impédance et des informations sur le
corps de l'utilisateur.

Analyseur de graisse corporelle (100) selon la re-
vendication 1, le processeur (131) étant configuré
en outre pour :

déterminer la premiéere impédance en appliquant un
courant constant a travers la premiére électrode et
la quatrieme électrode, et en mesurant une tension
a travers la deuxiéme électrode et la troisieme élec-
trode, et déterminer la deuxiéme impédance en ap-
pliquant un courant constant a travers une électrode
formée par la premiére électrode et la deuxiéme
électrode, et une autre électrode formée par la troi-
siéme électrode et la quatriéme électrode, et en me-
surant une tension a travers I'électrode formée par
la premiére électrode et la deuxiéme électrode, et
I'autre électrode formée par la troisiéme électrode
et la quatrieme électrode.

Analyseur de graisse corporelle (100) selon la re-
vendication 1, le processeur (131) étant configuré
en outre pour calculer la bio-impédance en entrant
la premiére impédance et la deuxiéme impédance
dans une table de consultation.

Analyseur de graisse corporelle (100) selon la re-
vendication 1, la premiére électrode et la deuxiéme
électrode étant agencées sur une surface interne de
I'analyseur de graisse corporelle (100), et la troisie-
me électrode et la quatrieme électrode étant agen-
cées surune surface externe de I'analyseur de grais-
se corporelle (100).

Analyseur de graisse corporelle (100) selon la re-
vendication 1, la premiére électrode, la deuxiéme
électrode, la troisieme électrode et la quatrieme élec-
trode (111) étant toutes de la méme taille.

Méthode de mesure de la graisse corporelle d’'un
utilisateur en utilisant 'analyseur de graisse corpo-
relle (100) selon une quelconque des revendications
1 a 5, la méthode comprenant :
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la mesure (1210), a l'aide de la premiére élec-
trode, de la deuxiéme électrode, de la troisieme
électrode et de la quatrieme électrode (111), de

la premiére impédance de I'utilisateur en utili-
sant la méthode de mesure a quatre points ; 5
la mesure (1220), a l'aide de la premiére élec-
trode, de la deuxiéme électrode, de la troisieme
électrode et de la quatrieme électrode (111), de

la deuxiéme impédance de l'utilisateur en utili-
sant la méthode de mesure a deux points ; 10
le calcul (1230), par le processeur (131), de la
bio-impédance de I'utilisateur d’aprés la premie-

re impédance et la deuxiéme impédance ; et

le calcul (1240), par le processeur (131), de la
graisse corporelle de l'utilisateur en tant que 15
pourcentage sur la base de la bio-impédance et

des informations sur le corps de I'utilisateur.

Méthode selon la revendication 6, lorsqu’elle est tri-
butaire de la revendication 3, le calcul de la bio-im- 20
pédance étant effectué a l'aide de la table de con-
sultation.

Programme informatique comprenant un dispositif a
code de programme informatique adapté pour 'exé- 25
cution de la méthode selon la revendication 6, lors
de I'exécution dudit programme sur lI'analyseur de
graisse corporelle (100) selon une quelconque des

revendications 1 a 5.
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FIG. 2A
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FIG. 2C
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FIG. 3
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FIG. 9
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FIG. 12
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FIG. 13
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