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(57 ABSTRACT

There is provided an apparatus capable of carrying out an
accurate bioelectrical impedance measurement by determin-
ing whether contact of a living body with electrodes used at
the time of the bioelectrical impedance measurement is
normal or not more accurately. The apparatus uses a param-
eter associated with a phase difference in determining the
contact condition of the living body with the electrodes. As
the parameter associated with a phase difference, the appa-
ratus uses a value represented by X/R wherein R is a
resistance component in a bioelectrical impedance to be
measured and X is a reactance component in the bioelectri-
cal impedance and determines that contact of the living body
with the electrodes is not normal when the value of X/R is
out of a determination range such as a<X/R<b (a and b are
real numbers).

9 Claims, 8 Drawing Sheets
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1
BIOELECTRIC IMPEDANCE MEASURING
APPARATUS

BACKGROUND OF THE INVENTION

(i) Field of the Invention

The present invention relates to a technique for determin-
ing the contact condition of electrodes in an apparatus which
calculates the composition of a body by measuring a bio-
electrical impedance.

(ii) Description of the Related Art

There is an apparatus which calculates fat in a body by
measuring a bioelectrical impedance. As a measurement
method therefor, a measurement method called a four ter-
minal method is primarily used.

To be more specific about the four terminal method for
measuring a bioelectrical impedance, the method measures
an impedance in a body between parts, e.g., between both
hands or both feet of a subject, and statistically estimates a
body fat amount, a muscle amount, a body water amount and
the like from the measurement value.

A scale-incorporating body fat meter which measures a
body fat percentage as well as a body weight is known. To
measure a bioelectrical impedance between both feet with
the meter, a subject stands on the meter with the bottoms of
both feet in contact with electrodes for feet which are
provided on the top surface of the meter, and the bioelec-
trical impedance is then measured.

In such a measurement method, when satisfactory contact

is secured between electrodes and the surface of the skin, 3

measurement can be made without any problems, while
when the contact condition of the skin surface with the
electrodes is unsatisfactory, a high contact impedance occurs
between the skin surface and the electrodes, and an accurate
measurement may not be carried out.

As solutions for the problem, a number of methods for
checking the contact condition of a subject with electrodes
are proposed.

In one method, resistances Ra and Rb having values
which are small enough not to influence measurement
accuracy are connected to between current applying elec-
trodes Al and A2 and voltage measuring electrodes B1 and
B2, and when a contact impedance is high, a measurement
voltage which occurs in an impedance in a body can be
determined by applying a high clamp voltage from a con-
stant current circuit to a voltage measuring circuit input,
thereby preventing mismeasurement. That is, the contact
condition is determined by checking whether the contact
impedance is a proper value (for example, Patent Document
1).

Further, there is also a method which determines whether
a measurement condition is proper by determining the size
of a contact impedance (for example, Patent Document 2).

Further, there is proposed a technique comprising install-
ing a measurement start switch in electrodes to be in contact
with a living body at the time of measurement so as to make
it easy to obtain a satisfactory contact condition. It is
described that a proper measurement posture and a proper
contact condition can be obtained thereby (for example,
Patent Document 3).

Further, there is proposed a method which uses current
supplying electrodes as all electrodes used for measuring a
bioelectrical impedance and passing a constant current I
while switching connections to the electrodes so as to obtain
only in-body impedance values including contact resistances
and in-body impedances including contact resistance values
(for example, Patent Document 4).
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In addition, there is also disclosed an impedance mea-
surement method which comprises serially connecting a
plurality of reference resistances of known resistance values
which can separate a bioelectrical impedance value to be
measured appropriately to a living body in the route of a
bioelectrical impedance measuring current, measuring volt-
age drop values by the resistance values of the reference
resistances and a voltage drop value by the living body,
determining a correlation equation between the resistance
values and corresponding measured voltage values, and
determining a bioelectrical impedance value by use of the
measured voltage value of the living body and the correla-
tion equation (for example, Patent Document 5).

Patent Document 1
Japanese Patent Laid-Open No. 8-154910

Patent Document 2
Japanese Patent Laid-Open No. 2003-52658

Patent Document 3
Japanese Patent Laid-Open No. 10-174680

Patent Document 4
Japanese Patent Laid-Open No. 2003-180647

Patent Document 5

Japanese Patent No. 2,835,656

For a secure measurement of a bioelectrical impedance,
good contact must be established between a living body and
electrodes. For this reason, as described in Description of the
Related Art, methods for checking the contact condition of
electrodes in measurement of a bioelectrical impedance have
heretofore been proposed. These methods perform checking
in addition to measurement of a bioelectrical impedance of
a body part to be measured. That is, to measure a bioelec-
trical impedance between both feet, contact impedances
between the bottoms of the feet and the electrodes are
measured, and when the results are good, the contact con-
dition of the electrodes is determined to be normal, and a
bioelectrical impedance between both feet is measured.
Thus, several determination processes must be performed
before the measurement, resulting in a long measurement
time.

Therefore, in a generally, actually used method for deter-
mining the contact condition of electrodes, whether the
contact condition is satisfactory or a short may be occurring
is determined by determining whether the absolute value of
a measured bioelectrical impedance falls within a certain
range of values.

However, there have been cases where the contact con-
dition is misjudged as a measurable condition even when
satisfactory contact is not established and measurement is
actually carried out.

FIG. 9 is a block diagram of a bioelectrical impedance
measuring section.

Z represents a reference impedance corresponding to a
plurality of reference resistances of known resistance values
in the impedance measurement method (refer to Japanese
Patent No. 2,835,656) described in Description of the
Related Art, 75 represents a bioelectrical impedance to be
measured, a and b represent a current supplying electrode, ¢
and d represent a voltage measuring electrode, and ic
represents a measurement current.

In general, the measurement current ic passes the refer-
ence impedance Z; and the bioelectrical impedance 7
without any problems, and complex voltages V, and V,
thereof are measurable.
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When a living body is not in normal contact with either or
both of the current supplying electrodes a and b, the mea-
surement circuit becomes an open state, and both Vi and Vi
become 0, i.e., unmeasurable. At that time, a very low
voltage corresponding to the common mode rejection ratio
(CMRR) of an amplifier is obtained as a measurement result
and is ideally 0.

Further, when either or both of the voltage measuring
electrodes ¢ and d are not in normal contact with the living
body, V, can be measured, but V5 becomes unmeasurable
and the value thereof is not settled.

As checking in such a case, the contact condition of the
electrodes is determined by setting a proper impedance
range such as 200 Q<IZI<1000 Q. However, in some cases,
it has become stable at a value which is slightly over 200 Q.

It is assumed that this has occurred because the voltage of
a terminal with improper contact has actually occurred due
to the protection circuit (e.g., diode to deal with static
electricity) of the amplifier or stray capacitance (e.g., inter-
electrode capacitance). For example, when the voltage mea-
suring electrode c¢ is open (i.e., when it is not normally
contacted) as shown in FIG. 9B, it is assumed that inter-
electrode capacitance occurs between the voltage measuring
electrodes ¢ and d and a voltage which is not supposed to be
measured occurs. Thus, even when the contact condition is
not normal, the conventional contact determination method
using a proper impedance range misjudges that the contact
condition is normal because the impedance value falls
within the normal range, and continues the measurement and
displays an erroneous measurement result.

The present invention has been conceived in view of such
a problem. An object of the present invention is to provide
an apparatus capable of carrying out an accurate bioelectri-
cal impedance measurement by determining whether contact
of a living body with electrodes used at the time of the
bioelectrical impedance measurement is normal or not more
accurately.

SUMMARY OF THE INVENTION

The present invention is a bioelectrical impedance mea-
suring apparatus comprising an impedance measurement
unit for measuring a bioelectrical impedance which com-
prises electrodes to contact with a living body, and a
determination unit for determining the contact condition of
a living body with the electrodes by use of a parameter
associated with the phase difference of the living body.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, when the resistance compo-
nent in a bioelectrical impedance to be measured in the
impedance measurement unit is represented by R and the
reactance component in the bioelectrical impedance is rep-
resented by X, the parameter associated with the phase
difference of the living body is a value represented by X/R.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, the condition for determina-
tion of the contact in the determination unit is a<X/R<b (a
and b are real numbers).

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, prior to determination of the
contact condition of the living body with the electrodes by
use of the parameter associated with the phase difference,
the determination unit determines the contact condition by
determining whether a parameter associated with the resis-
tance component of the bioelectrical impedance to be mea-
sured in the impedance measurement unit is a positive value.

—
o
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Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, the parameter associated with
the resistance component is a true impedance component
variable representing the resistance component of a true
impedance.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, the parameter associated with
the resistance component is a voltage variable based on the
resistance component.

The bioelectrical impedance measuring apparatus of the
present invention uses a parameter associated with the phase
difference of a living body in determination of the contact
condition of the living body with electrodes used at the time
of measuring a bioelectrical impedance. Thus, the contact
condition can be determined more accurately than before.
Thereby, an accurate bioelectrical impedance value can be
measured, and the values of body compositions such as a
body fat percentage and a muscle amount which are com-
puted by use of the bioelectrical impedance value also
become accurate.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, a value represented by X/R
wherein R represents the resistance component in a bioelec-
trical impedance to be measured and X represents the
reactance component of the bioelectrical impedance is used
in determination of the contact condition of a living body
with the electrodes used at the time of measuring the
bioelectrical impedance. This value shows a significantly
different value from the corresponding value of the living
body when contact of the electrodes is not normal. Thereby,
the contact condition can be determined easily and accu-
rately.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, a condition: a<X/R<b (a and
b are real numbers) is set, the contact condition is deter-
mined by checking whether a calculated value is within the
range, and when the calculated value is out of the range, it
is determined that the contact condition is not normal. Thus,
determination of the contact condition can be made easily.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, prior to determination of the
contact condition of the living body with the electrodes by
use of the parameter associated with the phase difference, it
is determined whether a parameter associated with the
resistance component of a bioelectrical impedance to be
measured is a positive value. Thus, the abnormality of the
contact can be checked without performing computation for
checking the contact of the living body with the electrodes
by use of the parameter associated with the phase difference.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, a true impedance component
variable R representing the resistance component of a true
impedance is used as the parameter associated with the
resistance component of a bioelectrical impedance to be
measured. Thus, without performing the computation for
checking the contact of the living body with the electrodes
by use of the parameter associated with the phase difference,
the contact condition can be determined at the point when
the true impedance component variable R is computed, and
when the contact condition is determined to be not normal,
the result of determination using the parameter associated
with the phase difference can be known at this point,
resulting in a significant reduction in a time required for
determination of the contact condition.

Further, in the bioelectrical impedance measuring appa-
ratus of the present invention, a measured voltage variable
Vzr representing a voltage based on the resistance compo-
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nent is used as the parameter associated with the resistance
component of a bioelectrical impedance to be measured.
Thus, without performing the computation for checking the
contact of the living body with the electrodes by use of the
parameter associated with the phase difference, the contact
condition can be determined from the value of a voltage
measured in the living body, and when the contact condition
is determined to be not normal, the result of determination
using the parameter associated with the phase difference can
be known at this point, resulting in a significant reduction in
a time required for determination of the contact condition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating the configuration of
a body fat meter of the present invention.

FIG. 2 is a circuit model in measurement means.

FIG. 3 is a coordinate diagram illustrating the relationship
between the resistance component and reactance component
of an impedance.

FIG. 4 is a main flowchart illustrating the flow of opera-
tions of the body fat meter of the present invention.

FIG. 5 is a flowchart illustrating a bioelectrical impedance
measuring subroutine in the flowchart of FIG. 4.

FIG. 6 is a flowchart illustrating the flow of processes in
separation means 16 in the flowchart of FIG. 5.

FIG. 7 is a flowchart illustrating a contact condition
determination subroutine in the flowchart of FIG. 4.

FIG. 8 is a graph prepared by plotting the results of

computations of the resistance components R and reactance 3

components X of several subjects.

FIGS. 9A & 9B are block diagrams of a bioelectrical
impedance measuring section for illustrating the background
art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The bioelectrical impedance measuring apparatus of the
present invention uses a parameter associated with a phase
difference for determination of the contact condition of a
living body with electrodes used at the time of measuring a
bioelectrical impedance, thereby determining the contact
condition more accurately than conventionally used deter-
mination methods.

As the parameter associated with a phase difference, a
value represented by X/R wherein R represents the resis-
tance component in a bioelectrical impedance to be mea-
sured and X represents the reactance component of the
bioelectrical impedance is used, and a determination condi-
tion such as a<X/R<b (a and b are real numbers) is set. When
it is out of this range, it is determined that contact of the
living body with the electrodes is not normal.

Further, in addition to determination of the contact con-
dition by use of the parameter associated with the phase
difference, it is also determined whether a parameter asso-
ciated with the resistance component of a bioelectrical
impedance to be measured is a positive value. When the
value is determined to be a negative value by this checking,
the contact condition is determined to be not normal in the
subsequent determination of the contact condition by use of
the parameter associated with the phase difference. There-
fore, the contact condition can still be determined only by
the determination of whether the parameter associated with
the resistance component of the bioelectrical impedance is a
positive value or negative value. The parameter associated
with the resistance component of the bioelectrical imped-

20

35

W
b

6

ance may be a true impedance component variable Ry
representing the resistance component of a true impedance
or a measured voltage variable V representing a voltage
based on the resistance component.

EXAMPLE 1

An example of the present invention will be described by
use of the drawings.

FIG. 1 is a block diagram of a body fat meter using the
bioelectrical impedance measuring apparatus of the present
invention.

The bioelectrical impedance measuring apparatus in the
body fat meter separates a measured impedance of a living
body into a resistance component and a reactance compo-
nent by software-like processing so as to determine a more
accurate impedance of the living body.

The body fat meter comprises measuring means 1, a
storage section 2, a microcomputer 3, and a display section
4.

In the measurement means 1, a voltage based on the
impedance of a living body 5, external reference unit 6 or
internal reference unit 7 is measured. The measurement
means 1 comprises a constant voltage (sinusoidal alternating
current) generator 8, a voltage/current converter 9, the
internal reference unit 7, electrodes A10, electrodes B11, a
switching unit 12, an amplifier 13, a filter 14, and an A/D
converter (synchronous detection type) 15.

The constant voltage (sinusoidal alternating current) gen-
erator 8 generates a constant voltage of high frequency (e.g.,
50 kHz) and outputs it to the voltage/current converter 9.
The voltage/current converter 9 converts the constant volt-
age output from the constant voltage (sinusoidal alternating
current) generator 8 into a constant current and outputs the
current to the internal reference unit 7.

The internal reference unit 7 is an impedance serving as
a reference for correcting the influence, on an impedance, of
a change in the constant current from the constant voltage
(sinusoidal alternating current) generator 8 or voltage/cur-
rent converter 9 that is caused by a change in the temperature
of the environment or the like. The internal reference unit 7
corresponds to a group of known reference resistance values
in the impedance measurement method (refer to Japanese
Patent No. 2,835,656) cited in Description of the Related
Art. In the present invention, one known reference resistance
is used as the internal reference unit 7.

The electrodes A10 are terminals for detecting a voltage
generated in the living body 5 or external reference unit 6 by
a constant current output from the voltage/current converter
9 and having passed through the internal reference unit 7.

The switching unit 12 switches between detection of a
voltage generated in the internal reference unit 7 by passage
of a constant current through the internal reference unit 7
and detection of a voltage generated between the two
electrodes B11 by passage of a constant current through the
living body 5 or external reference unit 6 between the two
electrodes B11.

The amplifier 13 amplifies a voltage having passed
through the switching unit 12, i.e., a voltage based on the
impedance of the internal reference unit 7 or a voltage based
on the impedance of the living body 5 or external reference
unit 6. The filter 14 removes noise from a voltage amplified
by the amplifier 13.

The A/D converter (synchronous detection type) 15 not
only digitizes a voltage (analog) from which noise has been
removed by the filter 14 but also separates the voltage into
a voltage based on the resistance component and a voltage
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based on the reactance component of the internal reference
unit 7 or the living body 5 or external reference unit 6 based
on timing signals corresponding to generation of a sinusoi-
dal wave from the constant voltage (sinusoidal alternating
current) generator 8 and outputs the voltages to the micro-
computer 3.

The storage section 2 has computing equation storing
means 17 and fluctuation constant storing means 18 and is
responsible for temporary data storage during various cal-
culations and other known data storages. EEPROM is used
in the storage section 2.

The computing equation storing means 17 stores in
advance an impedance computing equation which relates
true impedance variables representing the resistance com-
ponent and reactance component of the true impedance of
the living body 5 or external reference unit 6 to fluctuation
constants representing fluctuations based on impedance
fluctuation factors occurring in the measurement means 1
and measured voltage variables representing a voltage based
on the resistance component of an impedance by actual
measurement and a voltage based on the reactance compo-
nent of the impedance.

The impedance computing equation is an equation 1 to be
described later based on a circuit model in the measurement
means 1 in FIG. 2 which takes into consideration fluctua-
tions based on impedance fluctuation factors occurring in the
measurement means 1.

In FIG. 2, H(0) represents a phase fluctuation component
occurring in the measurement means 1, Z, represents the

impedance of the voltage/current converter 9, Z, represents 3

the impedance of the internal reference unit 7, Z represents
an impedance by stray capacitance or the like, Z, represents
the impedance of the living body 5 or external reference unit
6, V, represents a voltage occurring from the internal ref-
erence unit 7 to the living body 5 (or external reference unit
6), Vx represents a voltage occurring by the impedance
component of the internal reference unit 7, and V; represents
a voltage occurring by the impedance component of the
living body 5 or external reference unit 6.

According to this circuit model, the impedance of the
living body 5 or external reference unit 6 is represented by
the equation: Z;=V(1-Zx/Z)Zx/Vz=CV/V, wherein C
represents a fluctuation variable representing fluctuations
based on a scale factor and a phase. Then, the equation 1 is
derived from taking into consideration a fluctuation variable
Vs representing fluctuations based on an offset voltage
attributable primarily to Z; and separating the variables in
the above equation and V , into resistance components and
reactance components (i.e., separating Z into a true imped-
ance component variable Ry representing the resistance
component of the true impedance of the living body 5 or
external reference unit 6 and a true impedance component
variable X representing the reactance component of the true
impedance of the living body 5 or external reference unit 6,
separating C into a fluctuation variable Cj, representing
fluctuations based on the scale factor and phase of the
resistance component and a fluctuation variable C, repre-
senting fluctuations based on the scale factor and phase of
the reactance component, separating V into a measured
voltage variable V, representing a voltage based on the
resistance component of the living body 5 or external
reference unit 6 and a measured voltage variable Vi,
representing a voltage based on the reactance component of
the living body 5 or external reference unit 6, separating V5
into a measured voltage variable V, representing a voltage
based on the resistance component of the internal reference
unit 7 and a measured voltage variable V. representing a
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voltage based on the reactance component of the internal
reference unit 7, and separating Vs into a fluctuation
variable Vg representing fluctuations based on an offset
voltage in the resistance component axis direction and a
fluctuation variable V , ¢ representing fluctuations based on
an offset voltage in the reactance component axis direction).

The fluctuation variables C, and Cy representing fluctua-
tions based on the scale factors and phases and the fluctua-
tion variables Vg, and Vg representing fluctuations
based on the offset voltages in the equation 1 correspond to
fluctuation variables representing fluctuations based on
impedance fluctuation factors occurring in the measurement
means 1.

FIG. 3 is a diagram showing the relationship between the
resistance component and reactance component of an
impedance in the coordinate system. The vertical axis X
represents a reactance component, the horizontal axis R
represents a resistance component, the point Z represents an
impedance, the coordinate intersection O represents the zero
point, and the deflection angle 0 represents a phase differ-
ence. The fluctuation variables C, and C, representing
fluctuations based on the scale factors and phases represent
variables for fluctuations in the direction of the line segment
OZ and fluctuations of the deflection angle 6, and the
fluctuation variables Vg, and Vg, representing fluctua-
tions based on the offset voltages represent variables for
fluctuations of the coordinate intersection O.

The fluctuation constant storing means 18 stores a fluc-
tuation constant computed by fluctuation constant compu-
tation means 19 to be described later.

The microcomputer 3 comprises separation means 16, the
fluctuation constant computation means 19 and bioelectrical
impedance computation means 20 and performs control of
generation of a high-frequency constant voltage from the
constant voltage (sinusoidal alternating current) generator 8
and other known controls. Further, although not shown in
the drawing, the microcomputer 3 also has common func-
tions in microcomputers, such as RAM for storing data
temporarily and a timer function for counting a given time.

The separation means 16 computes a voltage based on the
resistance component and a voltage based on the reactance
component by actual measurement of the internal reference
unit 7 or the living body 5 or external reference unit 6, based
on the voltages based on the impedance which have been
output from the A/D converter 15 and an amplitude resulting
from time-dividing the same period as that of a sinusoidal
wave generated from the constant voltage (sinusoidal alter-
nating current) generator 8 or a period 90° ahead of the
period of the sinusoidal wave.

The fluctuation constant computation means 19 computes
a fluctuation constant which is a constant of the fluctuation
variable from the impedance computing equation (equation
1) stored in advance in the computing equation storing
means 17, based on the voltage based on the resistance
component and the voltage based on the reactance compo-
nent which have been separated by the computation in the
separation means 16 by measurements of the internal refer-
ence unit 7 and the external reference unit 6 and the known
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resistance component and reactance component of the
impedance of the external reference unit 6 measured in the
measurement means 1.

The bioelectrical impedance computation means 20 sub-
stitutes the fluctuation constant stored in the fluctuation
constant storing means 18 and the voltage based on the
resistance component and the voltage based on the reactance
component of the impedance of the living body 5 which are
measured in the measurement means 1 and separated in the
separation means 16 into the impedance computing equation
(equation 1) stored in advance in the computing equation
storing means 17 so as to compute the resistance component
and reactance component of the true impedance of the living
body 5.

The display section 4 displays the results of the compu-
tations preformed in the bioelectrical impedance computa-
tion means 20.

Input means 21 allows key entry of data to the body fat
meter and comprises a plurality of switches such as a setting
switch, a measurement switch and numerical switches.

Next, the flow of use and operation of the body fat meter
according to the present example will be described with
reference to the flowchart shown in FIG. 4.

When the power of the body fat meter is turned on (STEP
S1), the microcomputer 3 connects the units and initializes
values in RAM (STEP S2).

Then, a message urging a subject to enter his/her sex,
height and body weight is displayed on the display section
4 (STEP S3). At the press of the setting switch of the input
means 21 (STEP S4), the body fat meter enters a personal
data entry mode, and the subject enters personal data such as
sex, a body height and a body weight by use of the numerical
switches (STEP S5).

If the measurement switch is pressed in place of the
setting switch in STEP S4 (STEP S6), the body fat meter
enters a bioelectrical impedance measuring mode and a
timer in the microcomputer starts (STEP S7). This bioelec-
trical impedance measuring routine will be described later.

After a bioelectrical impedance is measured, a contact
condition determination routine which determines from the
measured value if the living body is in proper contact with
the electrodes is executed (STEP S8). This contact condition
determination routine will be described later.

In the contact condition determination routine, the value
of the number i of normal contacts is checked to check
whether the contact condition is normal (STEP S9). If the
contact condition is not normal, the microcomputer 3 checks
from the timer installed therein whether 30 seconds have
elapsed from the start of the bioelectrical impedance mea-
suring mode (STEP S10). If 30 seconds have not yet elapsed,
the microcomputer 3 returns to the bioelectrical impedance
measuring routine in STEP S7 and continues the measure-
ment, while if 30 seconds have already elapsed, the micro-
computer 3 determines that an accurate measurement could
not be made this time and displays an error on the display
section 4 (STEP S11).

If the contact condition is normal in STEP S9, the
microcomputer 3 checks whether the contact condition has
been determined to be normal 6 times in a row. The
microcomputer 3 checks whether the value of i which
represents the number of normal contacts and is stored in the
RAM installed in the microcomputer 3 is 6 (STEP S12). If
the value of i is less than 6, the microcomputer 3 returns to
STEP S7 and continues measurement of the bioelectrical
impedance. Meanwhile, if the value of i is more than 6, the
microcomputer 3 determines that the contact condition is
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absolutely normal, calculates a body fat percentage (STEP
S13) and displays the result of the calculation on the display
section 4 (STEP S14).

Upon passage of a give time after display of the error in
STEP S11 and display of the measurement result in STEP
S14, the display is shut down, and the power of the body fat
meter is also turned off automatically (STEP S15).

Next, the bioelectrical impedance measuring routine in
STEP S7 will be described. Firstly, as shown in FIG. 1, the
external reference unit 6 which is a known impedance (e.g.,
R=100 Q, X=0 Q) corresponding to the lower limit of the
measurement range of bioelectrical impedance is connected
to the electrodes A10 and the electrodes B11 (STEP S21).

Then, under control of the microcomputer 3, a constant
voltage of high frequency (e.g., 50 kHz) is generated in the
constant voltage (sinusoidal alternating current) generator 8
and converted into a constant current in the voltage/current
converter 9, and the constant current is output to the internal
reference unit 7. Then, the switching unit 12 is connected to
the internal reference unit 7 which is a known impedance
(e.g., R=800 ©, X=0 Q), a voltage which occurs in the
internal reference unit 7 is detected, the voltage is amplified
by the amplifier 13, noise is removed from the amplified
voltage by the filter 14, and the resulting voltage (analog) is
converted into a digital signal by the A/D converter 15 and
then output to the separation means 16 in the microcomputer
3.

Then, in the separation means 16 in the microcomputer 3,
processes shown in the flowchart of FIG. 5 are performed so
as to compute a voltage based on the resistance component
of the impedance by actual measurement of the internal
reference unit 7 and a voltage based on the reactance
component thereof (STEP S22).

The processes in STEP S22 will be described more

5 specifically by use of FIG. 6. After cumulative buffers for an

R component voltage and an X component voltage in the
separation means 16 are cleared (STEP S41), a cumulative
counter in the separation means 16 is set at n=0 (STEP S42)
and an interrupt occurring mode is activated (STEP S43), the
A/D converter 15 is executed (STEP S44), and the separa-
tion means 16 takes in a voltage (V(t)) based on an imped-
ance which is a digital signal output from the A/D converter
15 (STEP S45). Then, the separation means 16 reads in an
amplitude (sin 0,) resulting from time-dividing the same
period as that of a sinusoidal wave generated from the
constant voltage (sinusoidal alternating current) generator 8,
from the ROM table in the microcomputer 3 (STEP S46).
Then, the separation means 16 multiplies the voltage (V(1))
based on the impedance by actual measurement of the
internal reference unit 7 by the amplitude (sin 0,) resulting
from time-dividing the same period as that of a sinusoidal
wave generated from the constant voltage (sinusoidal alter-
nating current) generator 8 which has been read in from the
ROM table in the microcomputer 3 (STEP S47) and adds the
resulting product to the R component voltage cumulative
buffer (STEP S48). Then, the separation means 16 reads in
an amplitude (cos 0,) resulting from time-dividing a period
which is 90° ahead of the period of a sinusoidal wave
generated from the constant voltage (sinusoidal alternating
current) generator 8, from the ROM table in the microcom-
puter 3 (STEP S49). Then, the separation means 16 multi-
plies the voltage (V(t)) based on the impedance by actual
measurement of the internal reference unit 7 by the ampli-
tude (cos 0,) resulting from time-dividing a period which is
90° ahead of the period of a sinusoidal wave generated from
the constant voltage (sinusoidal alternating current) genera-
tor 8 which has been read in from the ROM table in the
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microcomputer 3 (STEP S50) and adds the resulting product
to the X component voltage cumulative buffer (STEP S51).
Then, when the cumulative counter satisfies n<32 (“YES” in
STEP S52), the separation means 16 increments the cumu-
lative counter by 1 (STEP S53) and returns to STEP S43 and
repeats the processes. In STEP S46 and STEP S49 in that
case, time-divided amplitudes sin 0, and cos 0, whose i has
been incremented sequentially are read in. Meanwhile, when
the cumulative counter fails to satisfy n<32 (“NO” in STEP
S52), the separation means 16 stores measured voltage
variables Vg, and V,, accumulated in the R component
voltage cumulative buffer and the X component voltage
cumulative buffer in the storage section 2 temporarily (STEP
S54).

Then, the switching unit 12 is connected to the external
reference unit 6 (R=100 ©, X=0 Q) in place of the internal
reference unit 7, a voltage which occurs in the external
reference unit 6 is detected, the voltage is amplified by the
amplifier 13, noise is removed from the amplified voltage by
the filter 14, and the resulting voltage (analog) is converted
into a digital signal by the A/D converter 15 and then output
to the separation means 16 in the microcomputer 3.

Then, in the separation means 16 in the microcomputer 3,
the processes shown in the flowchart of FIG. 6 are per-
formed so as to compute a voltage based on the resistance
component of the impedance by actual measurement of the
external reference unit 6 and a voltage based on the reac-
tance component thereof (STEP S23).

The processes in STEP S23 will be described more

specifically by use of FIG. 6. After cuamulative buffers for an 3

R component voltage and an X component voltage in the
separation means 16 are cleared (STEP S41), a cumulative
counter in the separation means 16 is set at n=0 (STEP S42)
and an interrupt occurring mode is activated (STEP S43), the
A/D converter 15 is executed (STEP S44), and the separa-
tion means 16 takes in a voltage (V(t)) based on an imped-
ance which is a digital signal output from the A/D converter
15 (STEP S45). Then, the separation means 16 reads in an
amplitude (sin 0,) resulting from time-dividing the same
period as that of a sinusoidal wave generated from the
constant voltage (sinusoidal alternating current) generator 8,
from the ROM table in the microcomputer 3 (STEP S46).
Then, the separation means 16 multiplies the voltage (V(1))
based on the impedance by actual measurement of the
external reference unit 6 by the amplitude (sin 0,) resulting
from time-dividing the same period as that of a sinusoidal
wave generated from the constant voltage (sinusoidal alter-
nating current) generator 8 which has been read in from the
ROM table in the microcomputer 3 (STEP S47) and adds the
resulting product to the R component voltage cumulative
buffer (STEP S48). Then, the separation means 16 reads in
an amplitude (cos 0,) resulting from time-dividing a period
which is 90° ahead of the period of a sinusoidal wave
generated from the constant voltage (sinusoidal alternating
current) generator 8, from the ROM table in the microcom-
puter 3 (STEP S49). Then, the separation means 16 multi-
plies the voltage (V(1)) based on the impedance by actual
measurement of the external reference unit 6 by the ampli-
tude (cos 0,) resulting from time-dividing a period which is
90° ahead of the period of a sinusoidal wave generated from
the constant voltage (sinusoidal alternating current) genera-
tor 8 which has been read in from the ROM table in the
microcomputer 3 (STEP S50) and adds the resulting product
to the X component voltage cumulative buffer (STEP S51).
Then, when the cumulative counter satisfies n<32 (“YES” in
STEP S52), the separation means 16 increments the cumu-
lative counter by 1 (STEP S53) and returns to STEP S43 and
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repeats the processes. In STEP S46 and STEP S49 in that
case, time-divided amplitudes sin 0, and cos 0, whose i has
been incremented sequentially are read in. Meanwhile, when
the cumulative counter fails to satisfy n<32 (“NO” in STEP
S52), the separation means 16 stores measured voltage
variables V, and V,, accumulated in the R component
voltage cumulative buffer and the X component voltage
cumulative buffer in the storage section 2 temporarily (STEP
S54).

Then, to the electrodes A10 and the electrodes B11, the
external reference unit 6 which is a known impedance (e.g.,
R=800 2, X=0 Q) corresponding to the upper limit of the
measurement range of bioelectrical impedance is connected
in place of the external reference unit 6 which is a known
impedance (e.g., R=100 Q, X=0 Q) corresponding to the
lower limit of the measurement range of bioelectrical imped-
ance (STEP S24).

Then, processes similar to those in STEP S22 are carried
out, and a voltage based on the resistance component of the
internal reference unit 7 and a voltage based on the reactance
component of the internal reference unit 7 are stored in the
storage section 2 temporarily (STEP S25).

Then, processes similar to those in STEP S23 are carried
out, and a voltage based on the resistance component of the
external reference unit 6 which is a known impedance (e.g.,
R=800 €2, X=0 ) corresponding to the upper limit of the
measurement range of bioelectrical impedance and a voltage
based on the reactance component of the external reference
unit 6 are stored in the storage section 2 temporarily (STEP
$26).

Then, in the fluctuation constant computation means 19,
firstly, the voltage based on the resistance component and
the voltage based on the reactance component which are
stored in the storage section 2 temporarily in STEP S23 and

5 the resistance component and reactance component of the

impedance of the external reference unit 6 connected to the
electrodes A10 and the electrodes B11 in STEP S21 are
substituted into the equation 1 so as to form a first equation.
To be more specific, the first equation is formed by substi-
tuting a voltage based on the resistance component (R=800
Q) of the internal reference unit (R=800 Q, X=0 Q) 7 at the
time of connecting to the external reference unit 6 (R=100
Q, X=0 Q) into the measured voltage variable V,, in the
equation 1, substituting a voltage based on the reactance
component (X=0 Q) of the internal reference unit (R=800 Q,
X=0 Q) 7 at the time of connecting to the external reference
unit 6 (R=100 Q, X=0 Q) into the measured voltage variable
Vi, substituting a voltage based on the resistance compo-
nent (R=100 €2) of the external reference unit 6 (R=100 €2,
X=0 Q) at the time of connecting to the external reference
unit 6 into the measured voltage variable Vg5, substituting
a voltage based on the reactance component (X=0 €2) of the
external reference unit 6 (R=100 2, X=0 Q) at the time of
connecting to the external reference unit 6 into the measured
voltage variable Vy, substituting the resistance component
(R=100 Q) of the external reference unit 6 (R=100 Q, X=0
Q) at the time of connecting to the external reference unit 6
into the true impedance component variable R, and sub-
stituting the reactance component (X=0 Q) of the external
reference unit 6 (R=100 Q, X=0 Q) at the time of connecting
to the external reference unit 6 into the true impedance
component variable X.

Then, the voltage based on the resistance component and
the voltage based on the reactance component which are
stored in the storage section 2 temporarily in STEP S26 and
the resistance component and reactance component of the
impedance of the external reference unit 6 connected to the
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electrodes A10 and the electrodes B11 in STEP S24 are
substituted into the equation 1 so as to form a second
equation. To be more specific, the second equation is formed
by substituting a voltage based on the resistance component
(R=800 Q) of the internal reference unit (R=800 Q, X=0 )
7 at the time of connecting to the external reference unit 6
(R=800 Q, X=0 Q) into the measured voltage variable V5
in the equation 1, substituting a voltage based on the
reactance component (X=0 €2) of the internal reference unit
(R=800 Q, X=0 Q) 7 at the time of connecting to the
external reference unit 6 (R=800 Q, X=0 Q) into the
measured voltage variable V., substituting a voltage based
on the resistance component (R=800 Q) of the external
reference unit 6 (R=800 Q, X=0 Q) at the time of connecting
to the external reference unit 6 into the measured voltage
variable V4, substituting a voltage based on the reactance
component (X=0 Q) of the external reference unit 6 (R=800
Q, X=0 Q) at the time of connecting to the external reference
unit 6 into the measured voltage variable V. substituting
the resistance component (R=800 Q) of the external refer-
ence unit 6 (R=800 2, X=0 €2) at the time of connecting to
the external reference unit 6 into the true impedance com-
ponent variable R, and substituting the reactance compo-
nent (X=0 Q) of the external reference unit 6 (R=800 Q,
X=0 Q) at the time of connecting to the external reference
unit 6 into the true impedance component variable Xz.

Then, the first equation and the second equation are
solved as simultaneous equations so as to determine con-
stants (fluctuation constants) for the fluctuation variables Cy

and Cy and constants (fluctuation constants) for the mea- 3

sured voltage variables V4 and V gy (STEP S27).

Then, the thus obtained fluctuation constants are stored in
the fluctuation constant storing means 18 (STEP S28). The
voltages based on the resistance components and the volt-
ages based on the reactance components which have been
temporarily stored in the storage section 2 may be erased at
this point or later.

Then, as shown in FIG. 1, body parts of the living body
5 are connected to the electrodes A10 and the electrodes B11
(STEP $29).

Then, processes similar to those in STEP S22 are carried
out, and a voltage based on the resistance component of the
internal reference unit 7 and a voltage based on the reactance
component of the internal reference unit 7 are stored in the
storage section 2 temporarily (STEP S30).

Then, the switching unit 12 is connected to the living
body 5 in place of the internal reference unit 7, a voltage
which occurs in the living body 5 is detected, the voltage is
amplified by the amplifier 13, noise is removed from the
amplified voltage by the filter 14, and the resulting voltage
(analog) is converted into a digital signal by the A/D
converter 15 and then output to the separation means 16 in
the microcomputer 3.

Then, in the separation means 16 in the microcomputer 3,
processes as shown in the flowchart of FIG. 6 are performed
50 as to compute a voltage based on the resistance compo-
nent by actual measurement of the living body 5 and a
voltage based on the reactance component thereof (STEP
S31).

The processes in STEP S31 will be described more
specifically by use of FIG. 6. After cumulative buffers for an
R component voltage and an X component voltage in the
separation means 16 are cleared (STEP S41), a cumulative
counter in the separation means 16 is set at n=0 (STEP S42)
and an interrupt occurring mode is activated (STEP S43), the
A/D converter 15 is executed (STEP S44), and the separa-
tion means 16 takes in a voltage (V(t)) based on an imped-
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ance which is a digital signal output from the A/D converter
15 (STEP S45). Then, the separation means 16 reads in an
amplitude (sin 0,) resulting from time-dividing the same
period as that of a sinusoidal wave generated from the
constant voltage (sinusoidal alternating current) generator 8,
from the ROM table in the microcomputer 3 (STEP S46).
Then, the separation means 16 multiplies the voltage (V(1))
based on the impedance by actual measurement of the living
body 5 by the amplitude (sin 0,) resulting from time-
dividing the same period as that of a sinusoidal wave
generated from the constant voltage (sinusoidal alternating
current) generator 8 which has been read in from the ROM
table in the microcomputer 3 (STEP S47) and adds the
resulting product to the R component voltage cumulative
buffer (STEP S48). Then, the separation means 16 reads in
an amplitude (cos 0,) resulting from time-dividing a period
which is 90° ahead of the period of a sinusoidal wave
generated from the constant voltage (sinusoidal alternating
current) generator 8, from the ROM table in the microcom-
puter 3 (STEP S49). Then, the separation means 16 multi-
plies the voltage (V(t)) based on the impedance by actual
measurement of the living body 5 by the amplitude (cos 0,)
resulting from time-dividing a period which is 90° ahead of
the period of a sinusoidal wave generated from the constant
voltage (sinusoidal alternating current) generator 8 which
has been read in from the ROM table in the microcomputer
3 (STEP S50) and adds the resulting product to the X
component voltage cumulative buffer (STEP S51). Then,
when the cumulative counter satisfies n<32 (“YES” in STEP
S52), the separation means 16 increments the cumulative
counter by 1 (STEP S53) and returns to STEP S43 and
repeats the processes. In STEP S46 and STEP S49 in that
case, time-divided amplitudes sin 0, and cos 0, whose i has
been incremented sequentially are read in. Meanwhile, when
the cumulative counter fails to satisfy n<32 (“NO” in STEP
S52), the separation means 16 outputs measured voltage
variables V. and Vg, accumulated in the R component
voltage cumulative buffer and the X component voltage
cumulative buffer to the bioelectrical impedance computa-
tion means 20 (STEP S54).

Then, in the bioelectrical impedance computation means
20, the output voltage based on the resistance component of
the living body 5, the output voltage based on the reactance
component of the living body 5, and the fluctuation con-
stants stored in the fluctuation constant storing means 18 are
substituted into the equation 1 stored in the computing
equation storing means 17 so as to compute the resistance
component R of the true impedance of the living body 5
and the reactance component X, of the true impedance of
the living body 5. To be more specific, the resistance
component R of the true impedance of the living body 5
and the reactance component X of the true impedance of
the living body 5 are computed by substituting the voltage
based on the resistance component of the living body 5
which has been separated in the separation means 16 into the
measured voltage variable Vg, in the equation 1, substitut-
ing the voltage based on the reactance component of the
living body 5 into the measured voltage variable Vs,
substituting the voltage based on the resistance component
of the internal reference unit 7 which is stored temporarily
in the storage section 2 in STEP S31 into the measured
voltage variable V,, substituting the voltage based on the
reactance component of the internal reference unit 7 into the
measured voltage variable Vg, substituting the fluctuation
constants stored in the fluctuation constant storing means 18
in STEP S28 into the fluctuation variables C and C,, and
substituting the fluctuation constants for correcting offset
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voltages into the fluctuation variables Vg and Vg,
followed by output of the resistance component R and the
reactance component X (STEP S32).

Thereby, a series of procedures are completed.

As described above, the bioelectrical impedance measur-
ing apparatus of the present invention measures a voltage
based on the impedance of an object to be measured (living
body, external reference unit, internal reference unit) by the
measurement means and separates the measured voltage into
a voltage based on a resistance component and a voltage
based on a reactance component by the separation means
based on software-like means. Thereby, it can be separated
into a resistance component and a reactance component
which are closely related to impedance fluctuation factors.
Then, by the fluctuation constant computation means, the
voltage based on the resistance component, the voltage
based on the reactance component and the resistance com-
ponent and reactance component of the impedance of the
external reference unit are substituted into the impedance
computing equation (equation 1) stored in advance in the
computing equation storing means and taking impedance
fluctuations in consideration so as to compute fluctuation
constants which are constants for fluctuation variables rep-
resenting fluctuations based on impedance fluctuation fac-
tors. Thereby, numerically expressed fluctuations based on
the impedance fluctuation factors can be determined. Fur-
ther, by the bioelectrical impedance computation means, the
fluctuation constants and the measured impedance of the
living body are newly substituted into the impedance com-

puting equation (equation 1) stored in advance in the com- 3

puting equation storing means so as to compute the resis-
tance component and reactance component of the true
impedance of the living body. Thereby, accurate data with
corrected fluctuations based on the impedance fluctuation
factors can be obtained.

In the above embodiment, the external reference unit
which is a known impedance (e.g., R=100 Q, X=0 Q)
corresponding to the lower limit of the measurement range
of bioelectrical impedance and the external reference unit
which is a known impedance (e.g., R=800 Q, X=0 Q)
corresponding to the upper limit of the measurement range
of bioelectrical impedance are measured. However, the
present invention can also be practiced by measuring the
same external reference unit in place of the two different
external reference units.

Further, although it has been described that the measure-
ment means has an internal reference unit, the present
invention can also be practiced with measurement means
having no internal reference unit. When the measurement
means has an internal reference unit as described with
respect to the above embodiment, the effect of the imped-
ance measurement method (refer to Japanese Patent No.
2.835,656) cited in Description of the Related Art, i.e., an
effect that measurement of an impedance is not influenced
by fluctuations by environmental changes of a constant
current source, can be enjoyed.

In addition, in STEP S32 where the resistance component
Ry and reactance component X; of the true impedance of the
living body are computed and output, the true impedance Z
of the living body may be output from the resistance
component R and the reactance component X.

Next, the contact condition determination routine in STEP
S8 will be described by use of FIG. 7. Contact determination
is made by using a number of checks.

Firstly, it is checked whether the complex voltage Vi
which has occurred in the living body 5 and has been
measured in STEP S7 is a positive value (STEP S61). When
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Vj is a negative value, it indicates that measurement results
with the living body clearly not in contact with the elec-
trodes have been obtained, thereby informing the subject of
improper contact at this point.

Then, it is checked whether the voltage Vg, measured
based on the impedance component of the internal reference
unit 7 which is obtained in STEP S22 is a larger value than
a threshold voltage VT, which is stored in advance. The
threshold voltage VT, is set at a half of a voltage obtained
when the contact of the living body is normal. When V is
smaller than VT, it is determined that the contact is not
normal (STEP S62).

Then, it is checked whether the value of the resistance
component R of the true impedance of the living body 5
which has been computed in STEP S7 is within a normal
range. The normal range is 200 Q<R ;<1000 Q. When the
value of R does not fall within this range, it is determined
that the contact is not normal (STEP S63).

Then, it is checked whether a parameter for the phase
difference of the living body 5 is within a normal range. As
the parameter associated with the phase difference, the value
of X/R (=tan 0) is used. To examine this value, the present
inventor has actually measured an impedance between both
feet and computed an R component and an X component for
a number of subjects. A graph prepared by plotting the
values thereof is shown in FIG. 8. As is clear from the graph,
the R component between both feet of the living body is a
value which falls within a range of about 300 to 700 Q, and
the X component between both feet of the living body is a
value which falls within a range of =20 to =90 Q. That is, the
resistance component R and reactance component X of the
impedance between both feet of the living body are within
predetermined ranges, and when measurement values are
out of the normal ranges, it can be determined that the
contact is not normal.

Thus, in this case, a condition -0.25<X/R<0 is set, and the
contact condition is determined by checking whether the
value of X/R is within this range (STEP S64).

The shaded area in FIG. 8 is an area where the range 200
Q<R within 200 Q<R<1000 Q in STEP S63 and the range
-0.25<X/R within -0.25<X/R<0 in STEP S64 are com-
bined. When the value is within such an area, it indicates that
the living body is clearly not in contact with the electrodes,
and it can be understood that determination of the contact
condition in the present invention is valid accordingly.

Then, the resistance component R measured this time is
compared with R measured by the bioelectrical impedance
measuring routine the last time so as to determine whether
a stable value is retained. However, if the number i of normal
contacts is less than 0, this determination is not made since
it is a first normal contact condition (STEP S65). When the
number i of normal contacts is not 0, the value measured this
time is compared with the measurement value of the last
time. In this case, the resistance component R measured this
time is compared with the resistance component R measured
the last time so as to determine whether the difference
between the two components R is within 3 Q (STEP S66).
When the difference is £3 €2, it is determined that the contact
is normal, and the number i of normal contacts is incre-
mented by 1 (STEP S67).

Meanwhile, if at least one of the results of the determi-
nations in STEPS S61, S62, S63, S64 and S66 is NO, it is
determined that the contact condition is not normal, and the
number i of normal contacts is set at 0 (STEP S68).
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As described above, the number of normal contacts is
determined according to the results of the determinations of
the contact, whereby the contact condition determination
routine is ended (STEP S69).

In the above-described example of the present invention,
the method represented by STEPS S21 to S32 is used for
calculations of the resistance component and the reactance
component. Alternatively, a technique for determining the
contact condition of the electrodes of the present invention
by carrying out a bioelectrical impedance measurement by
measurement currents of multiple frequencies and calculat-
ing resistance components and reactance components in
accordance with the cole-cole circular arc law may be
employed.

Further, in the above-described example, the contact
condition is determined by the proper range of a value
represented by X/R wherein R represents the resistance
component of a bioelectrical impedance to be measured and
X represents the reactance component of the bioelectrical
impedance. Alternatively, it is also possible that a proper
range is set for each of the values of the resistance compo-
nent R and the reactance component X and the contact
condition of the living body with the electrodes is deter-
mined by checking whether the components R and X are
within the ranges.

Further, in the above-described example, the value rep-
resented by X/R is used as the parameter associated with a
phase difference which is used for determination of the
contact condition. However, the same effect as that of the

present invention can still be obtained by use of a value 3

represented by IXI/R or IX/RI.

Further, in this example, the resistance component and
reactance component of true impedance are computed in the
bioelectrical impedance measuring routine, and the contact
condition is then determined in the contact condition deter-
mination routine. Since the determinations in STEPS S61
and S62 are possible if measurements of V; and V, are
already done by the time STEP S32 for calculating the true
impedance is carried out, the calculation of the true imped-
ance in STEP S32 can be omitted if it is set to be performed
during the contact condition determination routine (for
example, between STEP S62 and STEP S63) and if the
contact condition is determined to be not normal at that
point.

Further, the present invention has been described as a
determination method using a bioelectrical impedance value
(Z=R+jX). If it is considered as admittance (Y=1/R+1/
X=G+jB) and G/B wherein G represents conductance and B
represents susceptance is used in place of R/X, a parameter
associated with a phase difference is still used as in the
present invention and determination of the contact condition
can still be made.

In addition, in the present invention, the value represented
by X/R is described as a parameter associated with a phase
angle. However, it is generally known that there is a rela-
tionship tan™'2xft=X/R, and the same effect as that of the
present invention can be obtained by using t as a parameter
associated with a phase difference.

What is claimed is:

1. A bioelectrical impedance measuring apparatus com-
prising:

an impedance measurement unit for measuring a bioelec-

trical impedance which comprises electrodes to contact
with a living body, and

a determination unit for determining the contact condition

of the living body with the electrodes by use of a
parameter associated with a phase difference of a true
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impedance of the living body, the true impedance being
represented by fluctuation variables representing fluc-
tuations based on impedance fluctuation factors occur-
ring in the impedance measurement unit, and by volt-
age variables representing a voltage based on a
resistance component of the bioelectrical impedance
measured by the impedance measurement unit and a
voltage based on a reactance component of the bio-
electrical impedance measured by the impedance mea-
surement unit.

2. The apparatus of claim 1, wherein when the resistance
component in a bioelectrical impedance to be measured in
the impedance measurement unit is represented by R and the
reactance component in the bioelectrical impedance is rep-
resented by X, the parameter associated with the phase
difference of the true impedance of the living body is a value
represented by X/R.

3. The apparatus of claim 2, wherein the condition for
determination of the contact in the determination unit is
a<X/R<b (a and b are real numbers).

4. The apparatus of claim 3, wherein prior to determina-
tion of the contact condition of the living body with the
electrodes by use of the parameter associated with the phase
difference, the determination unit determines the contact
condition by determining whether a parameter associated
with the resistance component of the bioelectrical imped-
ance to be measured in the impedance measurement unit is
a positive value.

5. The apparatus of claim 4, wherein the parameter
associated with the resistance component is a true imped-
ance component variable representing the resistance com-
ponent of the true impedance.

6. The apparatus of claim 4, wherein the parameter
associated with the resistance component is a voltage vari-
able based on the resistance component.

7. The apparatus of claim 3, wherein the real number a is
set at “~0.25” and the real number b is set at “0”.

8. A bioelectrical impedance measuring apparatus com-
prising:

an impedance measurement unit for measuring a bioelec-

trical impedance which comprises electrodes to contact
with a living body, and

a determination unit for determining the contact condition

of the living body with the electrodes by use of a
parameter associated with a phase difference of a true
impedance of the living body or an external reference
unit,

wherein the true impedance is represented by a true

impedance component variable R indicating a resis-
tance component of the true impedance of the living
body or external reference unit, and a true impedance
component variable X, indicating a reactance compo-
nent of the true impedance of the living body or
external reference unit,

wherein the true impedance is calculated by the following

equation:

where the fluctuation variable Cy indicates fluctuations
based on a scale factor and phase of the resistance
component of the living body or external reference
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unit; the fluctuation variable C indicates fluctuations
based on a scale factor and phase of the reactance
component of the living body or external reference
unit; the measured voltage variable Vg, indicates a
voltage based on the resistance component of the living
body or external reference unit; the measured voltage
variable V- indicates a voltage based on the reactance
component of the living body or external reference
unit; the measured voltage variable V. indicates a
voltage based on a resistance component of an internal
reference unit; the measured voltage variable Vg,

!

0
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indicates a voltage based on a reactance component of
the internal reference unit; the fluctuation variable
V., indicates fluctuations based on an offset voltage in
a resistance component axis direction; and the fluctua-
tion variable V5 indicates fluctuations based on an
offset voltage in a reactance component axis direction.
9. The apparatus of claim 8, wherein the parameter

associated with the phase difference is a value represented
by X5/R5.
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