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APPARATUS AND METHOD FOR MEASURING SEGMENTAL BODY FAT USING

BIOELECTRICAL IMPEDANCE

Technical Field
The present invention relates to a body fat measuring
device using the bio-electrical impedance. More particularly,
the invention relates to such a éegmental bio-electrical body
fat measuring device, in which the circumference of body
portions or the thickness of subcutaneous fat is measured
separately, and then the measured circumference or thickness are

used for calculating a segmental body fat more accurately.

Background Art

A bio-electrical impedance method is based on the fact that
an electric current flows through water content in the body. The
lean body mass contains about 73% of water so that it
corresponds to an electrical conductor. Assuming that the cross
section of a conductor is constant, the volume V of the
conductor, through which the electric current passes has a
relationshib with the 1length L of the conductor and the
impedance (Z) as follows.

V o<1?/Z (1)

Thus, the lean body mass weight (FFM) containing a certain
content of water has a relationship with the height H, and the
impedance Z as follows.

FFM ©CH,?/7Z (I1)

According to this principle, the measurement of the height
and the electric resistance over the whole body (e.g. the
measurement of the impedance) of a measured person enables his

or her lean body mass weight to be calculated. Since the content
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of water in the human body is maintained constantly with

proportional to the lean body mass, it can be measured in a
similar manner. The muscle weight also has a close relationship
with the lean body mass weight, and thus can be measured using
the same principle.

In contrast, the fat scarcely contains water so that it
corresponds to a non-conductor. - Thus, dissimilar to the lean
body mass, a fat composition cannot be directly measured using
the bio-electrical impedance method. However, the sum of a body
fat weight and a lean body mass weight corresponds to the body
weight, so that the body weight and the lean body mass weight
are measured as described above, and the body fat weight can be
calculated from the difference between the two measured values.
On the other hand, the segmental measurement provides
information required for judging the segmental level of muscular
development of the measured person. Therefore, it is very useful
to identify the effects of segmental exercise, a balance of body,
a development level of the upper and the lower body, the effects
of rehabilitation treatment, and the like. Similar to the body
composition analysis for a whole body, the analysis of segmental
body portion such as arms, legs and torso is possible by
measuring the segmental impedance therefor. The relationship of
the segmental lean body mass weight FFM; with the height H, and
the segmental impedance 3; is represented by the following
equation.

FFM; (or segmental muscular weight) H.2/Z; (III)

In the above equation, theoretically, instead of the height,
the éctual length of each body portion must be applied. For the
convenience of measurement, however, replacement of the actual
length with the measured height does not make a big difference
in its accuracy. Generally, since the human body has a certain

length of arms, legs, and torso in proportion to the height, the
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commercialized body composition analyzers usually adopt such an
assumption.

As one example of a method of measuring a segmental

. impedance, total 8 electrodes, i.e., 2 electrodes for the

respective both hands and feet, are installed to thereby measure
an impedance between the distal portions of human body, and
calculate a segmental impedance. In such a method, generally,
the impedance between the distal body portions, such as hand to
hand, foot to foot, left hand to left foot, right hand to right
foot, left hand to right foot (diagonal direction), right hand
to left foot (diagonal direction), are measured and then the
segmental impedance for the 5 body portion of human body can be

calculated using a simultaneous equation.

Table: Measurement of segmental human body impedance

Applied electrode Measured body portion

Measure 1 |Left hand, right hand |Left arm + right arm

Measure 2 |Left foot, right foot |Left leg + right leg

Measure 3 |Left hand, left foot Left arm + torso + right leg

Measure 4 |Right hand, right foot |Right arm + torso + right leg

Measure 5 |Left hand, right foot |Left arm + torso + right leg

Measure 6 |Right hand, left foot |Right arm + torso + left leg

That is, as shown in the table, after performing 5 or 6
times of measurement from between different distal body portions,
which includes a plurality of body portions, the impedance
values for the 5 body portions are separately calculated through
the simultaneous equation. However such method has a problem in
that, in the solution processes of the simultaneous equation,

the errors occurred in every measurement are applied equally to
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th: torso which has a very small impedance value, as compare
with arms and legs. The torso occupies a very big portion in the
whole body, and thus the errors from near the torso become one
of the factors that reduce the accuracy of the entire body
composition analysis.

The present inventor has invented a segmental measuring
method, in which the defect of such conventional segmental
measurement method is improved such that each body portion can
be measured directly (Korea Patent No. 10-0161602, United States
Patent No. 5,720,296). FIG. 1 shows a modeling of the human body
according to the above method. This is not intended to calculate
the segmental impedance via the equation, but to measure the
impedance of each body portion directly in every measurement.
Generally, din the method of measuring impedance, a known
magnitude of current is applied and the voltage is measured at
the desired body position, and then the Ohm’s law is used to
obtain impedance. This device is composed of electrodes 1 to 8,
an impedance measurement circuit, an electrical switch, an
amplifier, an A/D converter, and a CPU. In the conventional
segmental measurement, such current and voltage electrodes are
always disposed on the same distal portion of human body,
however, in the method as proposed above, the position of the
electrodes are freely selected, depending on the body portion to
be measured.

For example, in order to measure the impedance Z., of a
right arm, the right hand electrode 1 and the right foot
electrode 5 are connected to the current terminal, and another
right hand electrode 2 and the 1left hand electrode 4 are
connected to a voltage terminal. Therefore, the impedance
measurement can be carried out at the right hand portion where a
current flowing site and a voltage measuring site exist at the

same time. In order to measure the impedance Z: of the torso,
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the right hand electrode 1 and the right foot electrode 5 are

connected to the current terminal, and the left hand electrode 4
and the left foot electrode 8 are connected to the wvoltage
terminal. In case of the impedance Z, of the right foot, the
right hand electrode 1 and the zright foot electrode 5 are
connected to the current terminal, and the right foot electrode
6 and the left foot electrode 8 are connected to the voltage
terminal. The impedance of a left arm and a left leg can be
measured by switching the above-described procedures for the
right hand and the right leg. This method is in principle based
on the theory that the voltage drop occurs only where the actual
electric current £flows. This segmental impedance measurement
method does not make unnecessary propagation of the error, which
arises during the solution of the simultaneous equation. In
addition, by measuring the desired portion of body independently,
it can measure impedance of the torso, which is relatively
difficult to measure due to respiration, heartbeat and others.

On the other hand, a body composition measurement method of
torso portion such as abdominal visceral fat or subcutaneous fat
is disclosed in Japanese Patent Application No. 99-164633 or 99-
164634. In order to calculate the amount of abdominal visceral
and subcutaneous fat, the circumference of the abdomen and
abdominal wvisceral fat is directly measured. The abdominal fat
distribution is calculated from the direct measurement of
circumference and subcutaneous fat, in accordance with the fact
that the total fat weight has a relationship with the visceral
and entire abdominal fat. That is, a total fat weight is
obtained by measuring the bio-impedance, and the abdominal fat
area is calculated wusing the inter-relationship between
abdominal fat area and the total fat weight. In the above
applications, although the abdominal fat distribution is

obtained by direct .measuring the thickness and circumference of
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subcutaneous fat in the impedance measurement, it only use the
relationship between the abdominal fat and the total body fat,
but can not obtain the segmental body fat distribution.

On the other hand, in the bio-electrical impedance method,
in principle, the segmental measurement of body can be achieved
because the body fat weight is obtained by subtracting the lean
body mass from the total fat and the segmental weight of
individual body portion cannot be calculated. Since the outline
of shape and physique of a measured person can be predicted from
the weight or height by considering sex, age, and the like, a
method of estimating a segmental body fat weight is occasionally
used, which includes experience and statistical prediction
values. By the measurement of segmental impedance as described
above, the internal body shape of a measured person, that is,
the distribution of lean body mass can be identified.
Furthermore, a general segmental body fat distribution of the
measured person may be estimated from the fact that the body fat
distribution has a general tendency, depending on the total body
fat weight, sex, and age. However, the above statistical
predicted value also is not always accurate for each individual
measured person so that the measured segmental body fat may

include lots of errors in many cases.

Disclosure of Invention
The present invention has been made in order to solve the
above problems occurring in the prior art, and it is an object
of the invention to provide a body shape measurement method, in
which a measurement of circumferences of body portion or
thickness of subcutaneous fat is further performed by means of a
circumference scale or a skin-fold calipers in addition to a

body composition analyzer, thereby more accurately measuring the
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segmental body fat weight, and measuring the body shape by

calculating the subcutaneous fat weight of body.

Another object of the invention is to measure a segmental
fat distribution more precisely, as compared with a conventional
bio-impedance method in the measurement of segmental body fat
weight, by further providing a direct measurement of the
circumference or the thickness of subcutaneous fat for a
specific body portion such as a torso or a leg.

The inventor has discovered the fact that the entire body
fat distribution is estimated with greater precision by
additionally measuring the circumference or thickness of
subcutaneous fat for a specific body portion such as abdomen, in
addition to the conventional segmental body fat measurement
using an impedance measurement method. Generally, since the
subcutaneous fat is distributed in such a way as to surround
uniformly the lean body mass component, the measurement of
circumference or thickness of subcutaneous fat provides exact
information about the body shape by predicting the segmental
body fat distribution, particularly in such as arms and legs,
and calculating the segmental subcutaneous fat weight.

In order to accomplish the above objects, according to one
embodiment of the invention, there is provided a segmental body
fat measurement device using a bilo-electrical impedance. The
segmental body fat measurement device includes: an impedance
measurement circuit 19 including a current electrode and a
voltage electrode 31 to 38 to be contacted with a foot and hand
of a person to be measured, an current application circuit and a
voltage application circuit; an electronic switch 18 for
selecting a position in the human body to be measured; an input
unit 12 for inputting information such as sex, age and body
measurement data of the person to be measured; a display unit 39

for displaying the measurement status and results; a body weight
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measurement unit 16 for measuring body weight; a CPU 22 for
performing a calculation and control function; a circumference
scale 40 for measuring the circumference of at least one portion
of the human body; a circumference input unit for additionally
inputting the measured circumference value, and an output unit
for outputting a segmental body fat weight calculated using the
circumference value.

In addition, according to the first embodiment of the
invention, the body portion where its circumference is measured
includes at least one selected from the group consisting of an
upper arm, a leg, and an abdomen.

In addition, according to the first embodiment of the
invention, the circumference measurement is carried out using an
electronic tape measurer, and the measured data is automatically
input. .

In addition, according to the first embodiment of the
invention, the circumference measurement is carried out using
non-contacting light interference, and the measured data is
automatically input.

In addition, according to the first embodiment of the
invention, the electronic tape measurer is constructed such that
it can be separated from the main body of the body fat
measurement device.

In addition, according to the first embodiment of the
invention, the output unit further outputs a segmental
subcutaneous fat weight.

According to the first embodiment of the invention, there

is provided a method of measuring a segmental body fat

- measurement device using a bio-electrical impedance. The method:

includes the steps of: a) measuring a segmental lean body mass
weight wusing a segmental body fat measurement device, which

includes: an impedance measurement circuit 19 including a
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current electrode and a voltage electrode 31 to 38 to be
contacted with a foot and hand of a person to be measured, an
current application circuit and a voltage application circuit;
an electronic switch 18 for selecting a position in the human
body to be measured; an input unit 12 for inputting information
such as sex, age and body measurement data of the person to be
measured; a display unit 39 for displaying the measurement
status and results; a body weight measurement wunit 16 for
measuring body weight; and a CPU 22 for performing a calculation
and control function; b) measuring a circumference of at least
one portion of the Thuman body; and c¢) calculating a
circumference of a body portion where its circumference ig not
measured.

In addition, according to the first embodiment of the
invention, there is provided a method of measuring a segmental
body fat measurement device using a bio-electrical impedance.
The method includes the steps of: a) measuring a segmental
lean body mass weight using a segmental body fat measurement
device, which includes: an impedance measurement circuit 19
including a current electrode and a voltage electrode 31 to 38
to be contacted with a foot and hand of a person to be measured,
an current application «circuit and a voltage application
circuit; an electronic switch 18 for selecting a position in the
human body to be measured; an input wunit 12 for inputting
information such as sex, age and body measurement data of the
person to be measured; a display unit 39 for displaying the
measurement status and results; a body weight measurement unit
16 for measuring body weight; and a CPU 22 for performing a
calculation and control function;  b) measuring a circumference-
of at least one portion of the human body; c¢) calculating a
circumference of a body portion where its circumference is not

measured; d) calculating a segmental subcutaneous fat and
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thickness from the segmental circumference and the segmental

lean body mass weight.

On the other hand, according to the second embodiment of
the invention, there is provided a segmental body fat
measurement device using a bio-electrical impedance including:
an impedance weasurement circuit 19 including a current
electrode and a voltage electrode 31 to 38 to be contacted with
a foot and hand of a person to be measured, an current
application circuit and a voltage application circuit; an
electronic switch 18 for selecting a position in the human body
to be measured; an input unit 12 for inputting information such
as sex, age and body measurement data of the person to be
measured; a display unit 39 for displaying the measurement
status and results; a body weight measurement wunit 16 for
measuring body weight; a CPU 22 for performing a calculation and
control function; a subcutaneous-fat measurement meter 40 for
measuring a thickness of a subcutaneous fat of at least one body
portion; a subcutaneous fat input unit for further inputting the
measured thickness of subcutaneous fat into the CPU 22; and an
output unit 11 for outputting a segmental body fat weight
calculated using the thickness of subcutaneous fat.

In addition, according to the second embodiment of the
invention, the body portion where 1its subcutaneous fat is
measured includes at least one selected from the group
consisting of an upper arm, a leg, and an abdomen.

In addition, according to the second embodiment of the
invention, the measurement of subcutaneous fat is carried out

using a skin-fold caliper or a near infrared method, and the

‘measured data is automatically input.

In addition, ac¢cording to the second embodiment of the
invention, the subcutaneous fat measurement meter is constructed

such that it can be separated from the main body of the body fat

10
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measurement device.

In addition, according to the second embodiment of the
invention, the output unit further outputs a segmental
circumference calculated.

According to the second embodiment of the invention, there
is provided a method of measuring a segmental body fat
measurement device using a bio-electrical impedance. The method
includes the steps of: a) méasuring a segmental lean body mass
weight wusing a segmental body fat measurement device, which
comprises an impedance measurement circuit 19 including a
current electrode and a voltage electrode 31 to 38 to be
contacted with a foot and hand of a person to be measured, an
current application circuit and a voltage application circuit;
an electronic switch 18 for selecting a position in the human
body to be measured; an input unit 12 for inputting information
such as sex, age and body measurement data of the person ﬁo be
measured; a display unit 39 for displaying the measurement
status and results; a body weight wmeasurement unit 16 for
measuring body weight; and a CPU 22 for performing a calculation
and control function; b) measuring a thickness of subcutaneous
fat of at least one body portion; and c¢) calculating, from the
measured lean body mass weight, a thickness of subcutaneous fat
of a body portion where its thickness of subcutaneous fat is not
measured.

In addition, according to the second embodiment of the
invention, there is provided a method of measuring a segmental
body fat measurement device using a bio-electrical impedance.

The method includes the steps of: a) measuring a segmental lean

- body mass weight using a segmental body fat measurement device,

which includes: an impedance measurement circuit 19 including a
current electrode and a voltage electrode 31 to 38 to be

contacted with a foot and hand of a person to be measured, an

11
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current application circuit and a voltage application circuit;
an electronic switch 18 for selecting a position in the human
body to be measured; an input unit 12 for inputting information
such as sex, age and body measurement data of the person to be
measured; a display unit 39 for displaying the measurement
status and results; a body weight measurement unit 16 for
measuring body weight; and a CPU 22 for performing a calculation
and control function; b) measuring a thickness of subcutaneous
fat of at least one body portion; c¢) calculating, from the
measured lean body mass weight, a thickness of subcutaneous fat
of a body portion where its thickness of subcutaneous fat is not
measured; and d) calculating a segmental circumfereﬁce from the
segmental thickness of subcutaneous fat and the lean body mass
weight.

In addition, according to the third embodiment of the
invention, there is provided a segmental body fat measurement
device using a bio-electrical impedance including: an impedance
measurement circuit 19 including a current electrode and a
voltage electrode 31 to 38 to be contacted with a foot and hand
of a person to be measured,‘an current application circuit and a
voltage application circuit; an electronic switch 18 for
selecting a position in the human body to be measured; an input
unit 12 for inputting information such as sex, age and bédy
measurement data of the person to be measured; a display unit 39
for displaying the measurement status and results; a body weight
measurement unit 16 for measuring body weight; a CPU 22 for
performing a calculation and control function; a subcutaneous
fat measurement meter 45 for measuring a thickness of a
subcutaneous fat of at least oné body portiom; a c¢ircumfererice
scale 40 for measﬁring the circumference of at least one portion
of the human body; a subcutaneous fat input unit and a

circumference input unit for further inputting the measured
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thickness of subcutaneous fat and the measured circumference
into the CPU 22; and an output unit 11 for outputting a
segmental body fat weight calculated using the circumference and

the thickness of subcutaneous fat.

Brief Description of Drawings

Further objects and advantages of the invention can be more
fully understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 1s a modeling of the human body showing the
positions for the electrode to be contacted, and an impedance
model ;

FIG. 2 1is a schematic Dblock diagram showing the
construction of a body fat measurement device using a bio-
electrical impedance according to a first and a second
embodiment of the invention;

FIG. 3 1s a specific example showing the body fat
measurement device using a bio-electrical impedance according to
the first embodiment of the invention;

FIG. 4 is a schematic diagram showing a conventional non-
contacting laser interference measurement device;

FIG. 5 1is a specific example showing the body fat
measurement device using a bio-electrical impedance according to
the second embodiment of the invention;

FIG. 6a shows a method of measuring the thickness of sebum
uging a skin-fold caliper;

FIG. 6b is a cross-sgsection of a corresponding body portion
showing the method of measuring the thickness of sebum using the

FIG. 7 is a model showing the body water and the body fat
in a body portion;

FIG. 8 shows a flow chart of a method of measuring a
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segmental body fat using a bio-electrical impedance according to
the first embodiment of the invention;

FIG. 9 shows a flow chart for segmental subcutaneous fat
weight and thickness measurement method using the bio-electrical
impedance body fat measurement device according to the first
embodiment of the invention;

FIG. 10 shows a flow chart of a method of measuring a body
fat weight using the bio-electrical impedance according to the
second embodiment of the invention;

FIG. 11 shows a flow chart of a method of measuring a
segmental circumference of body portion using the body fat
measurement method according to the second embodiment of the
invention; and

FIG. 12 is a specific example showing the body fat

measurement device using a bio-electrical impedance according to

"the third embodiment of the invention.

Best Mode for Carrying Out the Invention

The preferred embodiments of the present invention will be
hereafter described in detail with reference to the accompanying
drawings.

FIG. 2 1s a schematic Dblock diagram showing the
construction of a body fat measurement device using a bio-
electrical impedance according to a first and a second
embodiment of the invention. FIG. 3 1is a specific example
showing the body fat measurement device using a bio-electrical
impedance according to the first embodiment of the invention.
Similar to a general common method, the impedance measurement is
composed ~ of an impedance measurement circuit 19 “ineluding
electrodes 31 to 38 to be contacted with feet and hands, an
current application circuit and a voltage application circuit,

an electronic switch 18 for selecting a position in the human

14
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body to be measured, an input unit 12 having a keypad for
inputting informatidn such as sex, age and body measurement data
of a person to be measured, a display unit 39 for displaying the
measurement status and results, a body weight measurement unit
16 for measuring body weight, amplifiers 20, 23, and 24, an A/D
converter 21, and a CPU 22 for ©performing a calculation and
control function. FIG. 3 shows a main body 30 and a
circumference scale 40, and the circumference scale 40 ig for
measuring the circumference of a body portion to be measured and
calculating the thickness of subcutaneous fat through the
measurement the circumferences.

In order to measure a bio-impedance according to the
invention, prior to its measurement, a person to be measured
(hereinafter, referred to as a "measured person") inputs his or
her information such as sex, age, height, and the 1like.
Measurable information such as height may be input automatically
using a separate measuring device such as an ultrasonic
stadiometer or a displacement meter. 1In addition, the personal
data card (not shown), which stored personal information such as
sex, age and health record, can be read in a body compogition
analyzer. It is to be appreciated that those skilled in the art
can change or modify these input devices without departing from
the scope and spirit of the present invention.

After finishing all data input, when the measured person
holds left hand electrodes 32, 33 and right hand electrodes 31,
34 with both hands, and steps on right foot electrodes 35, 36
and left foot electrodes 37, 38, the weight of the measured

person can be measured by a weight sensor (not shown) under the

‘feet electrodes. In order to measure impedance, a known level of

current is applied, a voltage is measured in a desired portion,
and impedance is then calculated in accordance with the Ohm’s

law. The impedance is measured by using a device including the

15
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electrodes 31 to 38, the impedance measurement circuit 19, the

electronic switch
converter 21, and
measurement, such

the same position,

18, the amplifiers 20, 23 and 24, the A/D
the CPU 22. In the conventional segmental
current and voltage electrodes are disposed on

however the electrodes are disposed flexibly

depending on the measurement position in the proposed method. By

measuring the desi

red portion directly in a separate way, errors

from above-described existing simultaneous equation can be

decreased.
On the other

of a body portion

hand, the method of measuring a circumference

using the circumference scale is intended to

allow the measuring person to measure the circumferences of the

particular portion of the measured person, as shown in FIG. 3.

Since this is a method for measuring directly the circumferences,

the accurate value of the circumference of the portion to be

measured can @ be

circumferences, a

obtained. As a method to measure the

manual scale can be employed. However, as

disclosed in Korean Patent Laid-open Publication No. 2003-21812

and Korean Utility Model Laid-open Publication No. 1999-37565,

the electronic scales may be employed, in which an optical

sensor or encoder

ig used to measure the circumferences and the

values 1is converted into electrical signals. The measured values

by the above-described electronic scale are input to the body

composition analyzer either manually or automatically, and the

segmental body fat

distribution is measured. Thus, the measured

circumference value is transmitted to the CPU by inputting to

body composition

shown in FIG. 3,

_ the body compositi

such that the mea
to the CPU.

In addition,

analyzer using a keypad. Alternatively, as
the electronic scale 1is connected directly to
on analyzer -through the connection terminal 42

sured values can be transmitted automatically

the measurement of circumference is carried
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out by a non-contacting laser interference method. The non-

contacting laser interference measurement device is generally a
3-dimensional laser scanner, which is known as a technique to
measure the coordinates of a body shape or a 3-dimensional
object, and disclosed in detail in U.S. Patent No. 4737032 or
Japanese Patent Laid-open Publication No. Hei3-194414. As shown
in FIG. 4, a planar beam is irradiated to a target object or the
human body, and the reflected beam from the surface thereof is
reflected again by reflectors 61 and 62. The reflected beam is
used to measure the coordinates of the 3-dimensional surface
using the interference phenomenon from a transmitting reflector
63. The body-shape measurement technology has been well known,
and thus details thereon will not be described here, however the
circumference values obtained from the 3-dimensional shape
measurement can be employed in the invention.

In addition, the electronic scale is preferably provided
with a connection terminal at one side of the main body\30 of
the body fat measurement 30 so that the electronic scale can be
separated from the main body 30. The connection terminal 42 for
transmitting the circumference value can be provided separately
in one side of the main body, however it can be transmitted
through various connection ports such as the existing printer
connection port (parallel: IEEE1284), RS232C, USB, and the like.

The total body water content is the sum of water contents
in each portion of the body, and represented as the following
equation.

TBW = aiHo'/Zra + 3Ho'/Zia + 83Ho'/Z: + @4Ho’/Zra + asHo’/Z1a  (IV)

Here, ra represents a right arm, la represents a left arm,

t represents a torso, rl represents a right leg, 11 represents a

left leg, and a;, az, as, a, and as represent constants to satisfy
the equation IV with an optimum condition, and is determined

through the regression analysis. The equation IV is programmed
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in the CPU 22. Among the composition of the human body, the body

fat containsg an extremely small amount of water so that it can
be neglected. Since the lean body mass composition contains 73%
of the water, the lean body mass weight, which corresponds to
the water content divided by 0.73.

In order to obtain the segmental lean mass (SLM), the
following equations are employed.

SLMra = DiraXZra + boraxWo + DisraxHo + Dbira

SLMia = b11aXZ1a + bo1axWo + Dbi31axHeo + baia

SLM; = biexZp + barXWo + bagxHo + bae (V)

SIMy1 = birixZz + borixWo + barixHy + Dbari

SLMy1 = bi11XZ11 + ba11xWo + ba1ixHo + baiy

Il

Here, W, represents a body weight.

In the equation (V), the constant values bj;-bs; (where 1
represents a body portion such as ra, la, t, rl or 11) are
obtained from a plurality of measured persons using an
instrument having a segmental measurement function such as a
dual energy =x-ray absorptiometry (DEXA). A regression model is
used in order to obtain an optimum value meeting the reference
value. The accomplished formula is stored in the CPU.

If the segmental lean mass is obtained, the circumference
value of the muscle is calculated based on the cylindrical model
of FIG. 7. That is, FIG. 7 shows a cylindrical model of each
body portion, which is based on the anatomic foundation that the
subcutaneous fat surrounds the outside of the cylindrical muscle.
The segmental lean mass volume (Vi) 1is represented by the

following equation.

7T ng
Vr'z 2 X"Li
- (VI)
Here, L; represents the length of a segmental body. If the

circumference value of inner muscle is denoted by Cl; (inner
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circumference) in the cylindrical model, the wvolume of muscle

(Vi) is expressed by the following equation.

cr,?
}}’i——-mw XLi
n (VII)

Thus, the segmental circumference of muscle CI; is

expressed as follows.

o o [ ST Yok
2

Assuming that the body portion is not an exact cylindrical

(VIII)

shape and the length of the segmental portion is proportional to
the height, the above equation is calibrated and thus the
segmental circumference of muscle can be obtained by the
following equation.
[ SLAL Kdn
Cire “\“ “——E—f"‘ "eu (IX)
On the other hand, the segmental body fat mass (SFM;) is as

follow.
Co - CIF
SFEM = XL,
1 4I‘n L4

(X)
Here, CO; represents the circumference of a body portion.
Assuming that fat has even distribution on each segmental body
and the length is proportional to the height, it is calibrated
as the following equation.

oS-’

SEM = dy——"
T

KH t+dy
: (XD

The calibration constant d;; and d,; are calibrated with the

amount of segmental body fat through the instrument such as DEXA.

The addition of the sum of SFM; obtained from a segmental

body and the fat weight of head corresponds to the total body
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fat weight. The assumption that the head has a constant body fat
weight is often used.

At the body portion where the circumference is not measured,
the segmental body fat weight can be obtained from the fact that
the sum of SFM; is the total body fat weight. If distribution of
fat in the human body is divided into three parts of arms, legs
and torso, by measuring the value of the two portions with the
circumference scale, the rest 1is obtained by excluding the
measured portions from the total weight. Also, in case of where
one portion is measured, then the rest of the other two sgites
can be measured by using the empirical variables. In this case,
since the body fat weight of one portion, a wvalue with high
precision can be expected, as compared with the case of not
measuring separately using a circumference scale.

In this way, if the segmental body weight is obtained, from
the difference between the outside circumference and he
circumference of muscle, the segmental subcutaneous fat skin
fold SF; can be calculated by the following equation.

= Co,-Cl, |
i (X11)

In view of the above measurement processes, the segmental
body fat weight can be calculated accurately by measuring the
circumference of muscle and a body portion using the impedance
méthod.

As body portions for measuring the circumference, one or
more portions such as an upper arm, a thigh, a chest, an abdomen,
and the like are selected, and, if needed, a particular portion
can be selected for the measurement.

FIG. 8 shows a flow chart of a method of- measuring a
segmental body fat using a bio-electrical impedance according to
the first embodiment of the invention. The method includes the

steps of: measuring a segmental lean body mass weight using the
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bio-electrical impedance measurement device (8100), measuring
the circumference of at least one body portion (S110), and
carrying out an arithmetic operation for obtaining a
circumference value from the measured lean body mass weight
regarding a body portion where the circumference is not measured
(S120) . When required, a step of outputting a segmental body fat
value (S130) may be included. The bio-electrical impedance
measurement device, as described above, is based on the
segmental body fat measuring device shown in FIG. 2, from which
the segmental lean body mass weight is obtained. In addition,
the circumference scale is employed to measure the circumference
directly, and at the body portion where its circumference is not
measured, the segmental body £fat weight can be obtained,
considering the fact that the sum of segmental body fat weight
is the total body fat weight. In other word, the body portion
where the circumference is not measured is obtained by excluding
the measured portion from the total fat weight.

FIG. 9 shows a flow chart for segmental subcutaneous fat
weight and thickness measurement method using the bio-electrical
impedance body fat measurement device according to the first
embodiment of the invention. The method includes the steps of:
measuring a segmental lean body mass weight using the bio-
electrical impedance measurement device (S200); measuring the
circumference of at least one body portion (S210), carrying out
an arithmetic operation for obtaining a circumference value of
the body portion where the circumference is not measured (8220);
and carrying out an arithmetic operation for obtaining segmental
subcutaneous fat weight and thickness (5240). The bio-electrical
impedance measurement -device, as described above, - is based -on
the segmental body fat measuring device shown in FIG. 2, from
which the segmental lean body mass weight is obtained. In

addition, the circumference scale is employed to measure the
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circumference directly, and at the body portion where its
circumference is not measured, the segmental body fat weight can
be obtained by excluding the measured body portion from the
total fat weight. Finally, the above eqguation (XII) is employed
to obtain the segmental subcutaneous fat weight through an
arithmetic operation.

The second embodiment of the present invention will be
hereinafter described. FIG. 5 shows a specific example of the
bio-electrical impedance body fat measurement device according
to the second preferred embodiment. The impedance measurement is
the same as described above. However, the main body 30 and a
skin-fold calipers 40 for measuring the thickness of
subcutaneous fat at a localized body portion are shown in FIG. 5
the skin-fold caliper is a circular scale used to measure the
thickness of subcutaneous fat and is widely used in the body fat
measurement (al skin-fold thickness method) or in determining
nutrition conditions.

On the other hand, in the method of measuring the thickness
of subcutaneous fat wusing the skin-fold calipers, as shown in
FIGS. 6a and 6b, the dermal surface at a specific localized
portion of a measured person is slightly pinched up such that
the subcutaneous fat 50 is double-folded, and then the thickness
thereof is measured. In order to seize the subcutaneous fat,
only the surface and subcutaneous fat except muscle and muscular
membrane is pinched. Then, the skin-fold caliper is installed in
the position where is 1 cm apart from the finger and a scale of
skin-fold calipers is read. Since this is aApractical method of
measuring directly the thickness of subcutaneous fat, the
accurate thickness of subcutaneous fat where the portion to be
measured can be obtained. Thus, the measured thickness of
subcutaneous fat is transmitted to the CPU by inputting it to

the body composition analyzer using the keypad of the input

22
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device. Alternatively, as shown in FIG. 5, the electronic skin-
fold calipers may be connected directly to the body composition
analyzer{ through the connection terminal 42 such that the
measured values can be transmitted automatically to the CPU.

As a method of measuring the thickness of subcutaneous fat,
along with the skin-fold calipers, near infrared or ultrasound
can be used. Here, the segmental body fat distribution can be
measured by measuring the thickness of subcutaneous fat, and the
value is input to the body cowposition analyzer either manually
or automatically.

In addition, the above skin-fold calipers is provided such‘
that it can be separated from the main body by including a
connection terminal at one side of the main body 30 of the body
fat measurement device wusing bio-electrical impedance. The
connection terminal 42 for transmitting the measurement value
from the skin-fold calipers can be provided at one side of the
main body separately, however the measurement value can be
transmitted through the existing various connection ports such
as a printer connection port (Parallel: IEEE1284), RS232C, USB
and the like.

On the other hand, when based on the cylindrical model of
FIG. 7, the segmental fat mass SFM; is expressed by the following

equation.

SF,\  SF,
}x XL,

Syﬂiff ( C] I‘+ 2 2

(xX")

Here, SF; represents the fold-thickness of subcutaneous fat as
shown in the figure. Assuming that fat has a uniform
distribution in each segmental body portion and the length is
proportional to the height, the éduafion. X' 1is calibrated as

follows.
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13F;
2

| SF;
SFM = dl,-( CI+ )x KB dy

(XI7)
The calibration constants d;; and d,: are calibrated with the
segmental fat mass through an instrument such as DEXA.

The addition of the sum of SFM; obtained from segmental
body portions and the body fat weight of the head corresponds to
the total body fat weight. The assumption that the head has a
constant body fat weight is often used.

At the body portion where the thickness of subcutaneous fat
is not measured, the segmental body fat weight can be obtained
from the fact that,the sum of SFM; is the total body fat weight.

If distribution of fat in the human body is divided into three

.parts of arms, legs and torso, by measuring the value of the two

portions with the skin-fold caliper, the rest is obtained by
excluding the measured portions from the total weight. Also, in -
case of where one portion is ‘measured, then the rest of the
other two sites can be measured by using the empirical variables.
In this case, since the body fat weight of one portion, a value
with high precision can be expected, as compared with the case
of not measuring separately using a skin-fold caliper.
In this way, if the segmental body fat weight is obtained,

considering the thickﬁess of fat surrounding muscle, the
segmental outer circumference CO; can be calculated by the

following equation.

P,
=’Cyfyﬁlﬂ 7. " Cu

14

SFM,
H, + oy

==Cyfﬁfﬁx

(XI1I1")
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By pre-setting the constant such as fi: and f2; so as to
match to the segmental outer circumference, which is measured by
a scale in advance, the segmental outer circumference can be
obtained. In view of the above measurement processes, the
segmental body fat weight can be obtained by only the segmental
thickness measurement (skin-fold calipers). That is, it 1is
because although the thickness of subcutaneous fat is identical
at all the portions, the total fat weight has a different wvalue,
in the case where the arm circumference is big or small. However,

the segmental body fat weight can be calculated accurately by

measuring the circumference of muscle and the inner

circumference using the impedance method as in present invention.

As body portions for measuring the circumference, one or
more portions such as an upper arm, a thigh, a chest, an abdomen,
and the like are selected, and, if needed, a particular portion
can be selected for the measurement.

FIG. 10 shows a flow chart of a method of measuring a body
fat weight wusing the bio-electrical impedance according to the
second embodiment of the invention. The method of this
embodiment includes the steps of: measuring the segmental lean
body weight using the Dbio-electrical impedance measurement
device (S300), measuring the thickness of subcutaneous fat of at
least one Dbody portion (8S310), carrying out an arithmetic
operation for obtaining the thickness of subcutaneous fat of a
body portion where its thickness of subcutaneous fat is not
measured from the measured lean body mass weight (S320). The
method, 1f required, may include a step of outputting the
segmental body fat wvalue (S330). The bio-electrical impedance
measurement device, as described above, 1is based - on the
segmental body fat measuring device shown in FIG. 2, from which
the segmental lean body mass weight is obtained. In addition,

the skin-fold calipers can be employed to measure the thickness
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of subcutaneous fat directly, and at the body portion where its
thickness is not measured, the segmental body fat weight can be
obtained, considering the fact that the sum of segmental body
fat weight is the total body fat weight. In other word, the body
portion where its thickness 1is not measured is obtained by
excluding the measured portions from the total fat weight.

FIG. 11 shows a flow chart of a method of measuring a
segmental circumference of Dbody portion using the body fat
measurement method according to the second embodiment of the
invention. The method of this embodiment includes the steps of:
measuring a segmental lean body mass weight wusing the bio-
electrical impedance measurement device (S400); measuring the
thickness of subcutaneous fat of at least one body portion
(S410); carrying out an arithmetic operation for obtaining the
thickness of subcutaneous fat at the body portion where the
thickness of subcutaneous fat is not measured from the measured
lean body mass weight (S420); and carrying out an arithmetic
operation for obtaining a segmental circumference of body
portion (S440). The bio-electrical impedance measurement device,
as described above, is based upon the segmental body fat
measuring device shown in FIG. 2, from which the segmental lean
body mass weight is obtained. In addition, the skin-fold
calipers can be employed to measure the thickness of
subcutaneous fat directly, and at body portion where cannot be
measured by the skin-fold calipers, it can be obtained by
excluding the measured body portions from the total fat weight.
Finally, the above equation (XII’) can be employed to obtain the
segmental circumference through an arithmetic operation.

Finally, the third embodiment of the present invention will
be hereafter described. As sghown in FIG. 12, the third
embodiment of the present invention includes an impedance

measurement circuit 19 including a current and voltage

26



10

15

20

25

30

WO 2005/051194 . PCT/KR2004/000135
electrodes 31 to 38 to be contacted with the hands and feet of a

measured person, a current application circuit, and a voltage
measurement circuit, an electronic switch 18 for gelecting a
portion of human body to be measured, an input unit 12 having a
keypad for inputting information such as sex, age and body
measurement data of the measured person, a display unit 39 for
displaying the measuring status and results, a body weight
measurement unit 16 for measuring the body weight of the
measured person, and a CPU 22 for performing calculation and
control. It further comprises a subcutaneous fat measure meter
45 for measuring the thickness of subcutaneous fat of at least
one body portion using bio-electrical impedance, a circumference
scale 40 for measuring the circumference of at least one body
portion, a subcutaneous fat and circumference input wunit for
inputting additionally the measured circumference and thickness
of subcutaneous fat to the CPU 22, and an output unit 11 for
outputting a segmental body fat weight calculated using the
circumference and thickness of subcutaneous fat. That is, the
circumference scale 40 and subcutaneous fat measurement meter 45
are employed to measure one or more portion of the body, so that
the segmental body fat weight can be more accurately obtained by

using the above equations XI’ and XI.

Industrial Applicability
As described above, according to the invention, a segmental
body fat weight can be obtained accurately by measuring a
segmental impedance and a segmental circumference or a
subcutaneous fat thickness. Although the circumference or the
thicknesé of subcutaneous fat is not measured over the whole
body, the unmeasured remaining portion can be predicted.
According to the invention, a segmental impedance and a

segmental body fat weight are obtained so that a segmental
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subcutaneous fat weight can be accurately calculated, thereby
identifying the characteristic of the human body.

While the present invention has been described with
reference to the particular illustrative embodiments, it is not
to be restricted by the embodiments but only by the appended
claims. It is to be appreciated that those sgkilled in the art
can change or modify the embodiments without departing from the

scope and spirit of the present invention.
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What Is Claimed Is:

1. A segmental body fat measurement device using a bio-
electrical impedance comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measured, an current application circuit and a voltage
application circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; a CPU 22 for performing a
calculation and control function; a circumference scale 40 for
measuring the circumference of at least one portion of the human
body; a circumference input unit for additionally inputting the
measured circumference value, and an output unit for outputting
a segmental body fat weight calculated using the circumference

value.

2. The segmental body fat measurement device according
to claim 1, wherein the body portion where its circumference is
measured includes at least one selected from the group

congisting of an upper arm, a leg, and an abdomen.

3. The segmental body fat measurement device according
to claim 1, wherein the circumference measurement is carried out
using an electronic tape measurer, and the measured data is

automatically input.

4. The segmental body fat measurement device according

to claim 1, wherein the circumference measurement is carried out
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using non-contacting light interference, and the measured data

is automatically input.

5. The segmental body fat measurement device according
to claim 3, wherein the electronic tape measurer is constructed
such that it can be separated from the main body of the body fat

measurement device.

6. The segmental body fat measurement device according
to claim 1, wherein the output unit further outputs a segmental

gsubcutaneous fat weight.

7. A method of measuring a segmental Dbody fat
measurement device using a bio-electrical impedance, the method
comprising the steps of:

a) measuring a segmental lean body mass weight using a
segmental body fat measurement device (S100), the segmental body
fat measurement device comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of é person to be
measured, an current application circuit and a voltage
application circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; and a CPU 22 for performing a
calculation and control function;

b) measuring a circumference of at least one portion of
the human body (S110); and

c) calculating a circumference of a body portion where

its circumference is not measured (S120).
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8. The method according to claim 7, wherein the body
portion where its circumference is measured includes at least
one sgelected from the group consisting of an upper arm, a leg,

and an abdomen.

9. The method according to claim 7, wherein the
circumference measurement i1s carried out using an electronic

tape measurer, and the measured data is automatically input.

10. A method of measuring a segmental body fat
measurement device using a bio-electrical impedance, the method
comprising the steps of:

a) measuring a segmental lean body mass weight using a
segmental body fat measurement- device (S200), the segmental body
fat measurement device comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measured, an current application «circuit and a voltage
application. circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; and a CPU 22 for performing a
calculation and control function;

b) measuring a circumference of at least one portion of
the human body (S210);

c) calculating a circumference of a body portion where
its circumference is not measured (S220);

d) calculating a segmental subcutaneous fat and

thickness from the segmental circumference and the segmental
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lean body mass weight (S240).

11. A segmental body fat measurement device using a bio-
electrical dimpedance comprising: an 1ilmpedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measgured, an current application circuit and a voltage
application circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; a CPU 22 for performing a
calculation and control function; a subcutaneous fat measurement
meter 40 for measuring a thickness of a subcutaneous fat of at
least one body portion; a subcutaneous fat input wunit for
further inputting the measured thickness of subcutaneous fat

into the CPU 22; and an output unit 11 for outputting a

‘segmental body fat weight calculated using the thickness of

subcutaneous fat.

12. The segmental body fat measurement device according
to claim 11, wherein the body portion where its subcutaneous fat
is measured. includes at least one selected from the group

consisting of an upper arm, a leg, and an abdomen.

13. The segmental body fat measurement device according
to claim 11, wherein the measurement of subcutaneous fat is
carried out using a skin-fold caliper or a near infrared -method,

and the measured data is automatically input.

14. The segmental body fat measurement device according
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to claim 11, wherein the subcutaneous fat measurement meter is
)
constructed such that it can be separated from the main body of

the body fat measurement device.

15. The segmental body fat measurement device according
to claim 11, wherein the output unit further outputs a segmental

circumference calculated.

16. A method of measuring a segmental body fat
measurement device using a bio-electrical impedance, the method
comprising the steps of:

a) measuring a segmental lean body mass weight using a
,segmental body fat measurement device (S300), the segmental body
fat measurement device comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measured, an current application circuit and a voltage
application circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as éex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; and a CPU 22 for performing a
calculation and control function;

b) Measuring a thickness of subcutaneocus fat of at least
one body portion (S310); and

c) calculating, from the measured lean body mass weight,
a thickness of subcutaneous fat of a body portion where its

thickness of subcutaneous fat (S320) is not measured.-

17. The method according to claim 16, wherein the body

portion where its subcutaneous fat is measured includes at least
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one selected from the group consisting of an upper arm, a leg,

and an abdomen.

18. The method according to «c¢laim 16, wherein the
measurement of subcutaneous fat 1is carried out wusing an
electronic skin-fold caliper or a near infrared method, and the

measured data is automatically input.

19. A method of measuring a segmental body fat
measurement device using a bio-electrical impedance, the method
comprising the steps of:

a) measuring a segmental lean body mass weight using a
segmental body fat measurement device (S400), the segmental body
fat measurement device comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measured, an current application circuit and a voltage
application circuit; an electronic switch 18 for }selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; and a CPU 22 for performing a
calculation and control function;

b) measuring a thickness of subcutaneous fat of at least
one body portion (S410) ;

c) ‘ calculating, from the measured lean body mass weight,
a thickness of subcutaneous fat of a body portion where its
thickness of subcutaneous fat (S420) is not measured; and

d) calculating a segmental circumference from the
segmental thickness of subcutaneous fat and the lean body mass

weight.
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20. A segmental body fat measurement device using a bio-
electrical impedance comprising: an impedance measurement
circuit 19 including a current electrode and a voltage electrode
31 to 38 to be contacted with a foot and hand of a person to be
measured, an current application circuit and a voltage
application circuit; an electronic switch 18 for selecting a
position in the human body to be measured; an input unit 12 for
inputting information such as sex, age and body measurement data
of the person to be measured; a display unit 39 for displaying
the measurement status and results; a body weight measurement
unit 16 for measuring body weight; -a CPU 22 for performing a
calculation and control function; a subcutaneous fat measurement
meter 45 for measuring a thickness of a subcutaneous fat of at
least one body portion; a circumference scale 40 for measuring
the circumference of at least one portion of the human body; a
subcutaneous fat input unit and a circumference input unit for
further inputting the measured thickness of subcutaneous fat and
the measured circumference into the CPU 22; and an output unit
11 for outputting a segmental body fat weight calculated using

the circumference and the thickness of subcutaneous fat.
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FIG. 8

s1o0~_s | Measuring a segmental bio-electrical impedance

s110~_~| Measuring the circumferance of at least one body portion

1

s1eo~_s/ | Arithmetic operation of segmental circumferance

s130~_s | Outputting a segmental body fat
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szoo~._s~| Measuring a segmental bio-electrical impedance
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FIG. 9

Measuring the circumferance of at least one body portion

szzo~_s | Arithmetic operation of segmental circumferance

s300~._s~| Measuring a segmental bio-electrical impedance

ssto~_/ | of at least one body portion

sazo~_s | Arithmetic operation of segmental subcutneous fat

5230~/

Arithmetic operation of segmental
subcutaneous fat weight and thickness

FIG. 10

Measuring the thickness subcutaneous fat

s330~._/~| Outputting a segmental body fat
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FIG. 11

s400~_s—| Measuring a segmental bio-electrical impedance

Measuring the thickness subcutaneous fat
s410~_s | of at least one body portion

s420~_ | Arithmetic operation of segmental subcutneous fat

s430~_/ | Arithmetic operation of segmental circumference

FIG. 12
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