EP 1177 760 B1

Patent Office

desreves (11) EP 1177 760 B1

(1 9) ) i Hllm”‘ ‘llH ”ll’ Hll‘ |H‘| |H‘| “m Mll Mll ‘l |” Hll‘ ‘lHl |H‘| Hl”
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01) A61B 5/05 (2006.01)

27.06.2007 Bulletin 2007/26
(21) Application number: 01118268.0

(22) Date of filing: 30.07.2001

(54) A body water amount condition judging apparatus by multi-frequency bioelectric impedance
measurement

Vorrichtung zur Schatzung der Wassermenge im Kérper durch Messung der bioelektrischen Impedanz
bei mehreren Frequenzen

Appareil d’évaluation de la quantité d’eau dans le corps par mesure multi-fréquentielle de 'impédance
bioélectrique

(84) Designated Contracting States: * Takehara, Tomoko,
DE FR GB c/o Tanita Corporation
Tokyo (JP)

(30) Priority: 01.08.2000 JP 2000232703
(74) Representative: Miiller-Boré & Partner
(43) Date of publication of application: Patentanwiilte

06.02.2002 Bulletin 2002/06 Grafinger Strasse 2
81671 Miinchen (DE)
(73) Proprietor: TANITA CORPORATION

Tokyo (JP) (56) References cited:
EP-A- 0865763 EP-A- 0998 874
(72) Inventors: US-A- 5086 781 US-A- 5449 000

¢ Takehara, Katsumi,
cl/o Tanita Corporation
Tokyo (JP)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1177 760 B1 2

Description
Background of the Invention:
Field of the Invention:

[0001] The present invention relates to a body water
amount condition judging apparatus for judging condition
concerning the amount of body water in a living body by
measuring bioelectric impedance using a multi-frequen-
cy alternating current.

Prior Art:

[0002] Edemais akind of morbidity, in which interstitial
fluid and/or lymph accumulates at intra-cellular or extra-
cellular portions and the amount of water in a body in-
creases. Appearing edema everywhere in a whole body
may be realized as a symptom of diseases such as heart
disease, kidney disease, liver disease, and such like.
Therefore, it is desirable that the degree of edema is
measured exactly and it is utilized in diagnosing or in
monitoring patients’ condition.

[0003] On the other hand, dehydration is a kind of mor-
bidity, in which water in a living body is abnormally re-
duced, and it often occurs in daily life when a person is
exercising or when the temperature is high because a lot
of water is excreted from the body by sweating and an
elevated body temperature. Especially, it is said that eld-
erly persons are apt to experience dehydration symp-
toms. This is because, when one becomes older, size of
muscles which contain water decreases, the amount of
urine increases because the function of the kidneys de-
teriorates, and awareness of thirsty decreases because
the senses are dulled. Another reason is that the amount
of water which cells require decreases.

[0004] If dehydration symptoms are left untreated, the
dehydration symptoms will gradually become worse until
a serious dehydration condition is occurring. Usually, it
is said that, when one third of the water in a living body
is lost, the body temperature regulation is disturbed. This
causes the body temperature to increase, and then water
in the living body is further reduced. In other words, vi-
cious circle is created, until at last, a heat illness occurs.
A heat illness includes conditions such as heat cramp,
desert syndrome and heatstroke. Sometimes all the or-
gans in the body are affected by the heat illness. Thus it
is desired that dehydration symptoms be detected exact-
ly to avoid the risk of a heat illness.

[0005] Japanese Patent Laid-Open Publication No.
Hei 11-318845 discloses an apparatus for measuring the
total amount of water in a body, thus allowing edema and
dehydration symptoms which a person is not aware of to
be detected. This apparatus determines the total amount
of body water in a living body of a subject easily by meas-
uring a bioelectrical impedance value, thereby allowing
the subject to judge his own body water condition, such
as edema or dehydration symptoms, based on this meas-
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ured amount of body water.

[0006] Itis known that a bioelectrical impedance value
changes when the body temperature changes. That is,
the bioelectrical impedance value decreases when the
body temperature goes up, and the bioelectrical imped-
ance value increases when the body temperature goes
down. However, said conventional apparatus, calculat-
ing the total amount of body water based on the bioelec-
trical impedance value, does not take into consideration
this fact that the bioelectrical impedance value changes
when the body temperature changes. Thus, said appa-
ratus can not determine the total amount of body water
precisely, resulting in it being unable to detect the dehy-
dration condition precisely. For example, in a case where
the total amount of body water is decreased and the body
temperature is raised, and thus a dehydration condition
should be detected, the bioelectrical impedance value
increases when the total amount of body water is de-
creased, while on the other hand, the bioelectrical im-
pedance value decreases because body temperature is
raised. Thus, when the bioelectrical impedance value is
measured, and then the total amount of body water is
calculated based on the bioelectrical impedance value
to be able to determine whether a dehydration condition
has occurred or not based on this calculated total amount
of body water, the dehydration condition may not be de-
tected.

[0007] In addition, the said apparatus measures only
the total amount of body water, and does not judge the
body water amount condition taking each component
constituting the body water, such as eachamount of intra-
cellular or extra-cellular fluid, into account. Therefore, the
said apparatus can not judge exact and detailed body
water condition.

[0008] As the said apparatus demands personal pa-
rameters of a subject, such as height, age, sex, body
weight and the like, to calculate the total amount of body
water based on the measured bioelectrical impedance
value, the subject has to input such personal parameters
into the apparatus. Thus, it is very troublesome for the
subjects, especially for elderly subjects, to operate the
apparatus. It is desirable for the elderly persons to be
measured their total body water frequently, because it is
said that elderly persons are apt to experience dehydra-
tion symptoms as described above. However, there has
been a problem that the elderly persons can not obtain
their total amount of body water or obtain them based on
wrongly input personal parameters.

[0009] US 5449 000 discloses an apparatus in which
extracellular fluid, intracellular fluid and a total amount of
body water are judged respectively by measuring bioe-
lectric impedance using a multifrequency alternating cur-
rent.

[0010] Itisthe object of the presentinvention to provide
a body water amount condition judging apparatus being
easy touse and enabling a detailed and precise judgment
of the body water amount condition.

[0011] This object is solved according to the invention
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by an apparatus having the features disclosed in claim
1. Preferred embodiments are subject to the dependent
claims.

[0012] According to the present invention there is pro-
vided a body water amount condition judging apparatus
which is capable of judging body water amount condition
in detail, such as edema condition and/or dehydration
condition exactly and easily.

Summary of the Invention:

[0013] The present invention provides an apparatus
for judging body water amount condition, in which at least
two values selected from intra-cellular water resistance,
extra-cellular water resistance, combined resistance of
the intra-cellular and extra-cellular water resistance, and
aratio ofintra-cellular and extra-cellular water are judging
parameters for body water amount condition, comprises:
a multi-frequency bioelectric impedance measuring de-
vice; a calculating device; a reference value determining
unit; a body water amount condition judging unit; and a
display device. Said multi-frequency bioelectric imped-
ance measuring device supplies a plurality of alternating
current of different frequencies to a body of a subject and
measures a bioelectricimpedance value, said calculating
device calculates the values of each judging parameter
based on the bioelectric impedance value measured,
said reference value determining unit determines refer-
ence values ofthe same kind based on judging parameter
values calculated prior to each judging parameter of the
same kind calculated in the past, said body water amount
condition judging unit judges body water amount condi-
tion by comparing each calculated judging parameter val-
ue with the determined judging parameters of the kind,
and said display device displays the judging result of said
body water amount condition so judged.

[0014] Furthermore, said reference value determining
unit selects the judging parameters which are calculated
in the past for the same subject as the one whose body
water amount condition is to be judged and are the same
kind of judging parameter values as those calculated by
said calculating device, and determines them to be the
reference values.

[0015] In accordance with the preferred embodiment
of the present invention, said calculating device may fur-
ther calculate at least one of the values of intra-cellular
water content, extra-cellular water content and total body
water content.

[0016] In accordance with one embodiment of the in-
vention, said reference value determining unit may de-
termine that an average value of each judging parameter
of the past is a reference value of a judging parameter
of the same kind.

[0017] In accordance with another embodiment of the
invention, said reference value determining unit may fur-
ther determine that the latest value in judging parameters
of the past is a reference value of a judging parameter
of the same kind.
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[0018] In accordance with another embodiment of the
invention, said reference value determining unit may de-
termine a reference value of a judging parameter every
time the judging parameter is calculated.

[0019] In accordance with another embodiment of the
invention, said reference value determining unit does not
use a value of a judging parameter for determining a ref-
erence value of the judging parameter, when the value
of the judging parameter is abnormal.

[0020] In accordance with another embodiment of the
invention, said reference value determining unit may de-
termine that a value of a judging parameter is abnormal,
when the difference between each value of the judging
parameter and a reference value of the judging param-
eter of the same kind which is already determined ex-
ceeds the predetermined value.

[0021] In accordance with another embodiment of the
invention, said reference value determining unit deter-
mines whether a value of a judging parameter is abnor-
mal or not depending upon the time a bioelectric imped-
ance value is determined for calculating the value of the
judging parameter. In accordance with another embodi-
ment of the invention, said apparatus further comprises
an abnormal value selecting device, said abnormal value
selecting device decides whether a subject uses a value
of a judging parameter for determining a reference value
or not, and said reference value determining unit deter-
mines whether the value of the judging parameter is ab-
normal or not responding to said abnormal value select-
ing device.

[0022] In accordance with yet another embodiment of
the invention, said reference value determining unit de-
cides that a value of a judging parameter is abnormal if
the time a bioelectric impedance value is determined for
calculating the value of the judging parameter is in the
hour of rising for the subject.

[0023] Other objects and advantages of the present
invention will be understood from the following descrip-
tion of some preferred embodiments, which are shown
in accompanying drawings:

Fig. 1 is a block diagram of a body water amount
condition judging apparatus according to the firstem-
bodiment of the present invention;

Fig. 2 is a flow chart illustrating an action flow of the
body water amount condition judging apparatus
shown in Fig. 1;

Fig. 3illustrates a screen image in inputting personal
parameters;

Fig. 4 is an electrically equivalent circuit of cells in a
living body;

Fig. 5 is a vector locus of bioelectric impedance of a
human body;

Fig. 6 illustrates a relation between bioelectric im-
pedance at zero frequency and at infinite frequency
and bioelectric impedance at characteristic frequen-
cy.

Fig. 7 illustrates a screenimage in.displaying results;
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Fig. 8 is a flow diagram illustrating the process of a
routine for determining a reference value;

Fig. 9 is a block diagram of a body water amount
condition judging apparatus according to the second
embodiment of the present invention;

Fig. 10 is a perspective view of a body water amount
condition judging apparatus shown in Fig. 9;

Fig. 11 is a flow chart illustrating an action flow of
the body water amount condition judging apparatus
shown in Fig. 9;

Fig. 12 is a perspective view illustrating an arrange-
ment of hands in judging conditions using the body
water amount condition judging apparatus shown in
Fig. 9.

Description of Preferred Embodiments:

[0024] Preferred embodiments of the present inven-
tion will now be described in the following description.
Fig. 1is ablock diagram of a body water amount condition
judging apparatus according to the first embodiment of
the present invention. As shown in Fig. 1, the body water
amount condition judging apparatus 1 according to the
present embodiment can be divided into two blocks.

[0025] The first block is a block for mainly conducting
control and operation concerning measurement, and for
inputting and outputting data. The first block comprises
a control-and-arithmetic unit 2, a ROM 3, a RAM 4, a
nonvolatile auxiliary memory 5, a display 6, an external
input-output interface 7, an external interface terminal 8,
a key-operated input device 9, a clock 10, a power dis-
tributor 11 and a power supply terminal 12. The control-
and-arithmetic unit 2 performs the controlling of meas-
urement and the processing of the results of measure-
ment. The ROM 3 stores programs and some parameters
for control and arithmetic operations of the apparatus 1.
The RAM 4 temporarily stores the results of measure-
ment or acquired data, the results of arithmetic opera-
tions, the data derived from external devices, selected
programs and such like. The auxiliary memory 5 stores
the acquired data, the results of arithmetic operations,
some parameters relating to measurements and such
like. The display 6 shows some helpful guidance of op-
eration, the progressing of measurement, the results of
measurements, the results of arithmetic operations and
such like. The external input-output interface 7 permits
some parameters relating to measurement and the re-
sults of measurements to be transferred to external de-
vices, and inversely it permits some parameters relating
to measurement, instructions for controlling measure-
ment, control programs and such like to be supplied from
external devices. The external input-output interface 7
can be connected to given external devices via the ex-
ternal interface terminal 8. The key-operated input device
9 inputs data such as instructions for controlling the
present apparatus and personal particulars required for
measurement. The clock 10 measures on what day and
time each measurement is made, recording such day
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andtime for later use. The power distributor 11 is supplied
with electric power from an external power supply via the
terminal 12 to distribute the electric power to each com-
ponent of the apparatus.

[0026] The second block is a block for mainly imped-
ance measuring and for converting the measured analog
signal into digital signal, and includes an AC signal gen-
erator 20, an AC current output device 21, a reference
AC current detecting device 22, paired AC current output
terminals 30 and 31, a A/D converter 23, paired voltage
measurement terminals 32 and 33, a voltage detecting
device 25 and a A/D converter 24. The AC signal gener-
ator 20 provides a plurality of alternating current signals
of different frequencies which are determined according
to the control program stored in the ROM 3 or the RAM
4. Such alternating currents of different frequencies are
directed to the AC current output device 21, in which their
effective values are modified according to the control pro-
gram stored in the ROM 3 or the RAM 4, and then the
so modified alternating currents are directed to the ref-
erence AC current detecting device 22. The device 22
provides the alternating currents of different frequencies
sequentially at its output terminals 30 and 31. The ana-
logue value as the output of the device 22 is converted
to a corresponding digital value in the A/D converter 23.
On the other hand the voltage detecting device 25 re-
ceives atits input terminals 32 and 33 a signal represent-
ing the voltage appearing between two points selected
on the body. Thus, the voltage is detected in the voltage
detecting device 25, and the so detected voltage is con-
verted to a corresponding digital value in the A/D con-
verter 24.

[0027] A pair of measurement current applying elec-
trodes 50 and 51 is connected via a pair of measurement
cables 40 and 41 to a pair of AC current output terminals
30 and 31, and a voltage measurement electrodes 52
and 53 is connected via a pair of measurement cables
42 and 43 to a pair of voltage measurement terminals 32
and 33. As the apparatus 1 measures bioelectric imped-
ance between two points selected on one hand and one
foot of a subject, each electrode 50, 51, 52 and 53 is
applied to a predetermined point on the subject. That is,
one of the measurement current applying electrodes 50
is applied to a selected inter-finger joint point of the back
of the hand and the other electrode 51 is applied to a
selected inter-finger joint point of the instep of the foot.
And one of the voltage measurement electrodes 52 is
applied to a selected point of the wrist and the other elec-
trode 53 is applied to a selected point of the ankle.
[0028] The operation of the judging apparatus now will
be described. Fig. 2 shows a flowchartillustrating a series
of actions taken in the first embodiment. When the power
switch is depressed (step 1), the apparatus 1 is initialized
toits initial state (step 2) and the screen image for asking
the subject to input his own ID number is displayed on
the display. When an ID number is input, the apparatus
1 judges whether or not the ID number is stored in the
auxiliary memory 5 as the one for a subject whose per-



7 EP 1177 760 B1 8

sonal parameters are already set. The ID number is a
number which is allocated for a new subject, every time
when the new subject inputs his or her personal param-
eters at step 6 described later, and the apparatus 1 stores
these personal parameters, measurement results, oper-
ational results, judgement results and the like associated
with the above ID number into the auxiliary memory 5
and manages such information for each subject, although
the detailed operations of which are omitted here. When
the input ID number is not the one for a subject whose
personal parameters are already set, then the apparatus
1 displays the message on the display 6 saying that the
input ID number is not correct and the subject should
input his or her correct personal parameters again (step
6). When the input ID number is the one for a subject
whose personal parameters are already set, then the ap-
paratus 1 further judges whether or not the reset instruc-
tion is input by the subject through the key-operated input
device 9 (step 4). In case the reset instruction is input or
the input ID number is not the one for a subject whose
personal parameters are already set, the apparatus 1
displays an image shown in Fig. 3 for inputting personal
parameters and waits for inputting (steps). When a sub-
ject inputs his sex, age, height and body weight as his
personal parameters, if he or she is a new subject, the
apparatus 1 allocates a new ID number for him or her,
and displays it on the display 6 (step 6). When the input-
ting operation of the personal parameters completes or
in case the reset instruction is not input at the step 4, the
apparatus 1 is changed to its standby condition. After the
electrodes 50, 51, 52 and 53 are applied to the predeter-
mined point on the subject’s body and the instruction for
starting measurement is input through the key-operated
input device 9, the apparatus starts measurement for
multi-frequency bioelectric impedance.

[0029] Now, the measurement for multi-frequency bio-
electricimpedance will be explained briefly. In this meas-
urement, n different frequencies Fi (i=1, 2, ..., nand n
is a predetermined value) are used and the bioelectric
impedance is measured n times for each frequency Fi.
[0030] Initially, the "i"is setto 1, and the first measure-
ment of bioelectricimpedance for frequency F1 is started.
That is, output signal frequency is set in the AC signal
generator 20 based on a measurement control parameter
previously stored in the ROM 3 or a measurement control
parameter stored in the auxiliary memory 5 or the RAM
4 through the external input-output interface, and the out-
put signal having the set frequency is output to the AC
current output device 21 from the AC signal generator
20. The AC current output device 21 is composed of a
constant-current outputting circuit which is capable of
setting its current value. An output current value is set in
the AC current output device 21 based on the measure-
ment control parameter, and an AC current output having
the output current value is supplied from the AC current
output device 21 to a subject through the reference AC
current detecting device 22, the AC current output termi-
nals 30 and 31, the measurement cables 40 and 41, and
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the electrodes 50 and 51 which are applied to the subject.
[0031] The reference AC current detecting device 22
detects a current flowing through the subject during the
AC current output is supplied to the subject. The detected
analog signal is output to the A/D converter 23, converted
to digital signal and then stored in the RAM 4.

[0032] Electric potentials at two points on the subject
where the electrodes 52 and 53 are applied is detected
during the currentis supplied to the subject. The detected
values are input to the voltage detecting device 25
through the measurement cables 42 and 43, and the
measurement terminals 32 and 33. Then a potential dif-
ference signal which is a difference between the two input
potential values is output from the voltage detecting de-
vice 25, and this analog output signal is converted to a
digital signal by the A/D converter 24. The digital signal
is utilized by the control-and-arithmetic unit 2 to derive a
bioelectricimpedance, and the derived bioelectricimped-
ance value is stored in the RAM 4.

[0033] Next,iisincrementedtoi+1(i=i+1)anditis
judged whether or not the i exceeds a predetermined
value n. If the i exceeds the n, then the overall measure-
ment of the bioelectric impedance is completed. On the
other hand, if the i does not exceed the n, the next meas-
urement of the bioelectricimpedance for a new frequency
will be conducted (step 7).

[0034] Followingthe above multi-frequency bioelectric
impedance measurement, the judging apparatus 1 cal-
culates a locus of bioelectrical impedance vectors and a
parameters thereof based on bioelectric impedance val-
ues measured for each of a plurality of different frequen-
cies

[0035] Now the method for calculating the locus of bio-
electrical impedance vectors and the parameters will be
explained briefly. Ordinarily a bioelectrical impedance
can be expressed equivalently by a lumped-constant cir-
cuit, which consists of extra-cellular water resistance Re,
intra-cellular water resistance Ri, and cell membrane ca-
pacitance Cm as shown in Fig.4. The locus of bioelectri-
cal impedance values actually measured, however, is
not in conformity with a semicircular locus drawn theo-
retically from the impedance values, which are deter-
mined from the equivalent circuit whose components are
given in the form of lumped constant elements. Because
all cells of a living body cannot be expressed by one and
same equivalent circuit; specifically each cell has a dif-
ferentshape and characteristic, and should be expressed
by a different equivalent circuit allotted only to the same,
particular cell for exclusive use. As a matter of fact, the
locus of bioelectrical impedance vectors actually meas-
ured is given by an arc determined according to Cole-
Cole model. One example of arclike locus determined
from Cole-Cole model is shown in Fig.5, in which the
horizontal axis and the vertical axis represent the resis-
tive component and reactive component of the bioelec-
tricalimpedance respectively. As the reactive component
of the bioelectrical impedance is capacitive, and is given
by a negative value, the locus of bioelectrical impedance
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is located below the X-axis as shown in Fig. 5.

[0036] As the calculated locus of bioelectrical imped-
ance is assumed to be in conformity with circular arc
shape, the points of bioelectrical impedance Z4, Z,, -,
Zy measured in terms of frequencies Fi are located as
shown in Fig. 6. In the following, let us assume that the
horizontal axis as a real axis is a X-axis and the vertical
axis as imaginary axis is a Y-axis in a impedance vector
plane.

[0037] The following correlation function (1) is derived
from the Zi (1= 1 to n) plotted on the coordinate system:

(X-a)*+(Y-b)*=r* (1)

, where "a" and "b" are the abscissa and ordinate of the
center of the circle, "r" stands for the radius of the circle,
and the equation (1) represents an approximate correla-
tion function based on n points. Equation (1) is rewritten
in terms of "X":

X=a=x,/(r?-b?).

and as RO > Rinf,

R, =a+4(r*~b?)
R, =a-+(r’ -b?)

is obtained. Therefore, Re and Ri of an equivalent circuit
in Fig.4 can be given as follows:

Re=R0

Ri=R0 - Rinf/(RO—Rinf)

[0038] From the above calculation, combined resist-
ance of the intra-cellular and extra-cellular water resist-
ance Rinf (=Ri//Re), extra-cellular water resistance Re
and intra-cellular water resistance Ri are obtained, and
therefore the ratio of intra-cellular and extra-cellular water
Ri/Re is obtained. It should be noted that there is no need
for personal parameters, such as height, age, sex, body
weight and the like, to obtain these values.

[0039] An intra-cellular water content ICW, an extra-
cellular water content ECW, a ratio of the intra-cellular
water content to the extra-cellular water content
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ICW/ECW, a total body water content TWB (= ICW +
ECW) and the like can be calculated based on the ob-
tained locus of bioelectrical impedance vectors, param-
eters RO and Rinf or Re and Ri concerning thereof, and
the parameters of height, age, sex and body weight which
are input at step3, through an already known method.
For example, the intra-cellular water content ICW, the
extra-cellular water content ECW, and the total body wa-
ter content TWB are calculated through the following
equations using Ri, Re, height Ht, and body weight W:

ICW = K,HE/Ri + KW +K,

. ECW = K_,Ht%/Re + K W + K,

TBW = ICW + ECW

Where K4, Kip, Kis, Kqq, Ko and K5 are coefficients.
[0040] Then the judging apparatus 1 judge a body wa-
ter amount condition at the time when the bioelectric im-
pedance is measured at step 7. Assuming that the intra-
cellular water resistance Ri and the ratio of intra-cellular
and extra-cellular water resistance Ri/Re are the judging
parameters, this judging operation is conducted by com-
paring each value of judging parameters obtained at step
7 with the reference values of judging parameters of the
same kind which are stored in the auxiliary memory 5.
However, if the reference values of judging parameters
are not stored in the auxiliary memory 5, then the judging
operation is not conducted. The reference values of judg-
ing parameters represent the values of judging parame-
ters when the total body water content is in a normal
condition, and are determined in step 13 which will be
described later.

[0041] There is a relation that the intra-cellular water
resistance and the extra-cellular water resistance rise
when the intra-cellular water content and the extra-cel-
lular water content decrease, and to the contrary, the
intra-cellular water resistance and the extra-cellular wa-
ter resistance drop when the intra-cellular water content
and the extra-cellular water content increase. In addition,
we suppose that both in edema condition in which the
amount of water in a body increases and in dehydration
condition in which the amount of water in a body reduced,
the intra-cellular water resistance is little changed at their
initial stages, and then the changes begin to appear in
their later stages. The judging operation of the apparatus
1is conducted under the above relation and the assump-
tion. The assumption is derived from the fact that the
changes in the amount of body water arise initially in a
extra-cellular water, and thus the concentration of elec-
trolytic solution in the extra-cellular water arises causing
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the concentration difference between the intra-cellular
water and the extra-cellular water, and then the concen-
tration difference is relaxed gradually by the passage of
water through cell membrane under the effect of osmotic
pressure.

[0042] Under the above described relation and the as-
sumption, the judging apparatus 1 judges that it is in the
early stages of dehydration symptoms if the combined
resistance of the intra-cellular and extra-cellular water
resistance obtained this time is a little higher than the
reference value and the ratio of intra-cellular and extra-
cellular water resistance obtained this time is lower than
the reference value, and the judging apparatus 1 judges
that it is in the later stages of dehydration symptoms if
the combined resistance of the intra-cellular and extra-
cellular water resistance obtained this time increases
drastically above the reference value and the ratio of in-
tra-cellular and extra-cellular water resistance obtained
this time is higher than the reference value. Further, the
judging apparatus 1 judges that it is in the normal condi-
tion if the combined resistance of the intra-cellular and
extra-cellular water resistance obtained this time is al-
most the same as the reference value and the ratio of
intra-cellular and extra-cellular water resistance obtained
this time is also the same as the reference value.
[0043] Inthisway, the combinedresistance of the intra-
cellular and extra-cellular water resistance and the ratio
of intra-cellular and extra-cellular water resistance are
used as judging parameters. This means that the judging
operation is conducted based not only on a condition of
total amount of water in a body, but also on each constit-
uent component of body water, that is, each condition of
the amount of extra-cellular water and intra-cellular wa-
ter, thereby resulting in a exact and detailed judging re-
sults.

[0044] In addition, as the combined resistance of the
intra-cellular and extra-cellular water resistance and the
ratio of intra-cellular and extra-cellular water resistance
are obtained using the bioelectric impedance which is
measured under the multi-frequency bioelectric imped-
ance measurement, these values are not affected by
body temperature, so the inaccuracy in judging the body
water amount condition due to the affection of the body
temperature will be effectively avoided (step 9).

[0045] When the judging operation is completed, the
apparatus 1 indicates on the display device 6 each re-
sistance value obtained in step 8 and the body water
amount condition judged in step 9 and the like. Fig. 7
illustrates an example of such indication (step 10). Fur-
ther, the apparatus 1 sends the measurement results,
the calculation results, the judgement results, the per-
sonal parameters and the like to external devices like a
monitor device, a printer or the like, under the measure-
ment-controlling parameters through the external input-
output interface 7, and also stores them into the auxiliary
memory 5 (step 12).

[0046] Next, the judging apparatus 1 carries out a ref-
erence value determining process for determining refer-
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ence values which are used as a judging parameters in
the next judging operation (step 13). Fig. 8 is a flow chart
which illustrates processes for determining the reference
value. The apparatus 1 first judges whether or not refer-
ence values of each parameter are stored in the auxiliary
memory 5 (step 21). When the reference values are
stored, the apparatus 1 judges whether each judging pa-
rameter of this time is normal or not, by comparing each
parameter calculated in step 8 with the corresponding
stored reference values of the judging parameters of the
same kind. The apparatus 1 compares the value of the
judging parameter of this time with the reference value
of the judging parameter, and if, for example, the differ-
ence between the value of the judging parameter and
the reference value is 20 % or more, the apparatus 1
judges that the value of the judging parameter of this time
is abnormal (step 22). If the abnormal value is detected,
the apparatus 1 does not use such a value of the judging
parameter of this time to determine the reference value
of the same kind, and does not update the reference val-
ue. In such a case, the same reference value of the judg-
ing parameter will be used again in the next judgement
(step 27).

[0047] If the apparatus 1 does not detect an abnormal
value in step 27 and if the apparatus 1 decides that there
is no reference value in step 21, then the apparatus de-
cides whether or not the time when the bioelectric im-
pedance is measured to obtain the judging parameter of
this time in step 7 is suitable for adopting the reference
value (step 23). As a example, if the measuring time is
decided to be an early time in the morning, the apparatus
1 considers the judging parameter of this time to be an
abnormal value, and does not use the value to determine
the reference value of the judging parameter, and does
not update the reference value which has already been
stored (step 27).

[0048] Further, the apparatus 1 indicates an image on
the display device 6 which inquires whether or not the
subject will use the judging parameter of this time to de-
termine the reference value (step 24). If the answer which
is input through the key-operated input device 9 is no,
the apparatus 1 considers the judging parameter of this
time to be an abnormal value, and does not use the value
to determine the reference value of the judging parame-
ter, and does not update the reference value which has
already been stored (step 27).

[0049] On the other hand, if the answer which is input
through the key-operated input device 9 is yes in step
24, then the apparatus 1 uses the judging parameter val-
ues of the same kind as past values, along with each
past judging parameter value which was calculated until
last time and had been used to determine reference val-
ues without being considered as a abnormal value from
step 22 to 24 until last time. Then the apparatus 1 obtains
the average value from these values and decides the
obtained value as a judging parameter reference value
of the same kind which will be used in the next judgement.
[0050] In this way, the reference value of judging pa-
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rameters are not determined as a common value among
subjects, but determined for each subject using the past
values of judging parameters obtained before. Therefore,
the specific reference values of judging parameters for
each subject can be obtained which are not affected by
the difference among individuals. In addition, since the
reference values of judging parameters are determined
againin the way that these values are the average values
of the judging parameter values obtained in the past in-
cluding the last time and abnormal values are excluded
during this procedure, according as the number of times
increases, the reference values of judging parameters
can be obtained which indicate more exactly the body
water amount in a normal condition. Therefore, it is pos-
sible to judge the body water amount condition appropri-
ately according to each individual subject (step 25).
[0051] And then, the apparatus 1 stores the reference
values of the judging parameters obtained in step 25 in
the auxiliary memory 5, and closes the process for de-
termining the reference values.

[0052] After closing the process, the apparatus 1 judg-
es whether or not an instruction for re-measurement is
input via the key-operated input device 9 (step 14). If
such an instruction is input, the measurements and the
judgements are conducted again from step 7. If such an
instruction is not input in step 14, then a series of meas-
urement and judgement is completed.

[0053] In this embodiment, the intra-cellular water re-
sistance and the ratio of intra-cellular and extra-cellular
water resistance, which are obtained using bioelectric
impedance measured in the multi-frequency bioelectric
impedance measurementin step 10, are used as judging
parameters. But, at least two values selected from the
intra-cellular water resistance, the extra-cellular water re-
sistance, combined resistance of the intra-cellular and
extra-cellular water resistance, and the ratio of intra-cel-
lular and extra-cellular water may be used as judging
parameters. Using these parameters, it is possible to
judge the body water amount condition considering not
only mere total body water amount condition, but also
each constituent component of body water, that is, each
amount condition of extra-cellular water and intra-cellular
water. Each of these parameters is obtained from meas-
ured bioelectric impedance in the multi-frequency bioe-
lectric impedance measurement without being affected
by body temperature, and thus, inaccuracy in judging the
body water amount condition due to body temperature
can be effectively avoided.

[0054] Although personal parameters are input in step
6 in this embodiment, these values are necessary only
for obtaining the body water amount, intra-cellular water
and extra-cellular water, and are not necessary for ob-
taining the intra-cellular water resistance, the extra-cel-
lular water resistance, combined resistance of the intra-
cellular and extra-cellular water resistance, and the ratio
of intra-cellular and extra-cellular water, which are the
judging parameters in this embodiment. Therefore, it is
also possible to simplify the operation of the apparatus
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without inputting the personal parameters.

[0055] In addition to, or in place of the process for
excluding abnormal values from step 22 through 24, it is
possible to obtain an average value from the judging pa-
rameter values except for maximum and minimum values
which are used to obtain reference values of judging pa-
rameters.

[0056] Next, the second embodiment of the present
invention will be explained. This embodiment of the body
water amount condition judging apparatus is a handheld-
type in which bioelectric impedance is measured be-
tween both hands of a subject. Since personal parame-
ters are not necessary to be inputin this apparatus, easier
handling for judging the dehydration condition can be
achieved.

[0057] Fig.9is ablock diagram of a body water amount
condition judging apparatus according to the second em-
bodiment of the present invention. As shown in Fig. 9,
the dehydration condition judging apparatus 61 compris-
es a microcomputer 62 having a CPU, ROM, RAM, timer
and 1/O port. The CPU controls measurements and
judgements, and processes the measurement data. The
ROM stores programs and some parameters for control
and calculation operations. The RAM temporarily stores
the results of operations, the programs derived from ex-
ternal devices, selected parameters and the like.
[0058] The dehydration condition judging apparatus
61 further comprises a display 63, a key switch 64, an
external input-output interface 65, a nonvolatile auxiliary
memory 66. The display 63 shows progress made in the
measurements and judgement results and the like. The
key switch 64 inputs instructions and the like for control-
ling the present apparatus 61. The external input-output
interface 65 permits the judgement results to be trans-
ferred to external devices, and inversely it permits in-
structions for controlling the device and some parameters
and the like to be supplied from external devices. The
parameters relating to the measurement are stored in
the auxiliary memory 66. The data stored in the memory
can be read out and updated.

[0059] The apparatus 61 further comprises a filter cir-
cuit 67, an AC current output circuit 68, a reference re-
sistor 69, a measuring current supply electrode 70 and
ameasuring current supply electrode 71. The filter circuit
67 changes waveforms to signals to be applied to a living
body. The AC current output circuit 68 modifies the sig-
nals outputted from the filter circuit 67 to a predetermined
effective value. The measuring current supply electrode
70 is connected to one output terminal of the AC current
output circuit 68 via the reference resistor 69. The meas-
uring current supply electrode 71 is connected to the oth-
er output terminal of the AC current output circuit 68.
Thus, AC current is applied through the measuring cur-
rent supply electrodes 70 and 71.

[0060] The apparatus 61 further comprises a differen-
tial amplifier 72, voltage measuring electrodes 73 and
74, and a differential amplifier 75. The differential ampli-
fier 72 detects a voltage difference between one terminal
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and the other terminal of the reference resistor 69 in order
to detect a current flowing into the body of the subject.
The voltage measuring electrodes 73 and 74 detect volt-
age at two points on the subject. The differential amplifier
75 is connected to the voltage measuring electrodes 73
and 74 to detect a voltage difference between these elec-
trodes.

[0061] The apparatus 61 further comprises a switching
device 76, an A/D converter 77. The switching device 76
outputs a selected one of the outputs of the amplifiers
72, 75 based on the control of the microcomputer 62.
The A/D converter 77 converts analogue signals output-
ted from the switching device 76 to digital signals and
then outputs them to the microcomputer 62.

[0062] Figure 10 is a perspective view of the body wa-
ter amount condition judging apparatus shown in Figure
9. As shown in Figure 10, the apparatus 61 comprises a
housing 78 which has a substantially box shape. The
voltage measuring electrodes 73 and 74 and the meas-
uring current supply electrodes 70 and 71 are disposed
to be spaced apart from each other on the circumference
of the housing 78. That is, the measuring current supply
electrodes 70 and 71 are disposed on a left back portion
and right back portion of the housing 78, respectively.
The voltage measuring electrodes 73 and 74 are dis-
posed on a left front portion and right front portion of the
housing 78, respectively. The display 63 and the key
switch 64 are disposed on the front side of the housing 78.
[0063] Now the operation of the apparatus will be de-
scribed. Fig. 11 shows a flowchart illustrating a series of
actions of the second embodiment. When the subject
activates the power switch (step 31), the apparatus 61
is initialized (step 32). Then, the apparatus 61 is changed
to a measuring mode. As shown in Fig. 12, the subject
contacts his or her fingers other than the thumbs to the
measuring current supply electrodes 70 and 71, and con-
tacts his or her thenars to the voltage measuring elec-
trodes 73 and 74. The subject holds the apparatus 61 in
such a way, and then inputs the instruction for starting
measurement through the key switch 64. When the in-
struction for starting measurementis input, the apparatus
61 starts to measure multi-frequency bioelectric imped-
ance of the subject. That is, signals are directed from the
microcomputer 62 to the filter circuit 67 according to
measurement control parameters which are written in a
ROM in the microcomputer 62 beforehand. The filter cir-
cuit 67 adjusts the waveform of the AC current to be ap-
plied to a living body. The output of the filter circuit 67 is
directed to the AC current output circuit 68. The AC cur-
rent output circuit 68 modifies the alternating current to
a predetermined effective value. One output terminal of
the AC current output circuit 68 is connected to the meas-
uring current supply electrode 70 via the reference resis-
tor 69. The other output terminal of the AC current output
circuit 68 is connected to the measuring current supply
electrode 71. Thus, an AC current is applied through the
measuring current supply electrodes 70 and 71 to the
subject. The potentials of the both terminals of the refer-
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ence resistor 69 are detected through a pair of voltage
measuring electrodes 73 and 74 during the current is
applied to the subject, and the output thereof is fed to the
differential amplifier 75. The differential amplifier 72 out-
puts potential difference values between one terminal
and the other terminal of the reference resistor 69 in order
to detect a current flowing into the body of the subject.
On the other hand, the voltages from two points on the
subject are detected by the voltage measuring electrodes
73 and 74, and then supplied to the differential amplifier
75. The differential amplifier 75 outputs potential differ-
ence values between the two points of the subject. The
potential difference values from the differential amplifiers
72 and 75 are switched by the switching device 76 based
on the control signals supplied by the microcomputer 62,
and then these values are fed to the A/D converter 77.
The A/D converter 77 converts the supplied analogue
values into digital values. The output of the A/D converter
77 is then supplied to the microcomputer 62. The micro-
computer 62 determines the bioelectricimpedance value
based on these digital values. The measurement of the
bioelectric impedance is conducted for each of a plurality
of frequencies in the same way as the first embodiment.
And then, the apparatus 61 obtains the vector locus of
bioelectric impedance, and values of RO, Rinf, Re and
Ri, from the bioelectric impedance values measured for
each of a plurality of different frequencies in the same
way as the first embodiment (step 33).

[0064] Then, apparatus 61 judges a body water
amount condition at the time when the bioelectric imped-
ance is measured at step 7. Assuming that the extra-
cellular water resistance Re and the combined intra-cel-
lular and extra-cellular water resistance Rinf (Ri//Re) are
the judging parameters, this judging operation is con-
ducted by comparing each value of judging parameters
obtained at step 33 with the reference values of judging
parameters of the same kind which are stored in the aux-
iliary memory. The reference values of judging parame-
ters are determined in step 38.

[0065] The apparatus 61 judges in the same way as
the first embodiment, based on the relation between the
intra-cellular water content and the extra-cellular water
content, and the intra-cellular water resistance and the
extra-cellular water resistance, and further based on the
supposition that the intra-cellular water resistance is little
changed at their initial stages, and then the changes be-
gin to appear in their later stages. That is, the apparatus
61 judges that there is a tendency for dehydration in the
body water amount condition, if the extra-cellular water
resistance measured this time is higher than the refer-
ence value by 10 % or more, and the combined resistance
of the intra-cellular and extra-cellular water resistance
measured this time rises a little. On the other hand, the
apparatus 61 judges that there is a tendency for edema,
if the extra-cellular water resistance measured this time
is lower than the reference value by 10 % or more, and
the combined resistance of the intra-cellular and extra-
cellular water resistance measured this time falls a little
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(step 34).

[0066] When the resultjudged in step 34 is in a normal
state, the apparatus 61 indicates to that effect on the
display 63 (step 35), and when the result judged in step
34 is in an abnormal state, the apparatus 61 indicates to
that effect on the display 63 (step 36). Further, the ap-
paratus 61 stores the measured result, calculated result,
and judgement result judged in step 34 in the auxiliary
memory 66 (step 37).

[0067] Next, the apparatus 61 replace the reference
value of the judging parameters stored in the auxiliary
memory 66 with the reference values of the judging pa-
rameters obtained this time (step 38). That concludes a
series of the measurement and the judgement.

[0068] Instep 38 of this embodiment, reference values
of judging parameters may be obtained in the same way
as the first embodiment. It is also possible to incorporate
the process from step 22 through 24 of the first embod-
imentinto step 38 of this embodiment not to use abnormal
judging parameters for obtaining the reference values of
judging parameters. On the contrary, in the first embod-
iment, the reference values may be obtained in the same
way as this embodiment.

[0069] Thejudging parameters are not restricted to the
extra-cellular water resistance and the combined resist-
ance of the intra-cellular and extra-cellular water resist-
ance, but at least two values selected from the intra-cel-
lular water resistance, the extra-cellular water resistance,
combined resistance of the intra-cellular and extra-cel-
lular water resistance, and the ratio of intra-cellular and
extra-cellular water, which are measured in multi-fre-
quency bioelectric impedance measurement, may be
used as judging parameters just like the first embodi-
ment.

[0070] Further, the measurement results, calculated
results, judging results and the like, may be transferred
to external devices like a monitor or a printer via the ex-
ternal input-output interface 65, as the occasion de-
mands.

[0071] As can be understand form the above, accord-
ing to the body water amount condition judging apparatus
ofthe presentinvention, atleast two values selected from
the intra-cellular water resistance, the extra-cellular wa-
ter resistance, combined resistance of the intra-cellular
and extra-cellular water resistance, and the ratio of intra-
cellular and extra-cellular water, which are obtained
based on the bioelectric impedance measured in multi-
frequency bioelectric impedance measurement, are
used as the judging parameters. Using these parame-
ters, it is possible to judge the body water amount con-
dition considering not only mere total body water amount
condition, but also each constituent component of body
water, thatis, each amount condition of extra-cellular wa-
ter and intra-cellular water without being affected by body
temperature, and the body water amount condition can
then be judged in detail accurately.

[0072] Further, the reference value of judging param-
eters are not determined as a common value among sub-
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jects, but determined for each subject using the past val-
ues of judging parameters obtained before. Therefore,
the specific reference values of judging parameters for
each subject can be obtained which are not affected by
the difference among individuals. In addition, since the
reference values of judging parameters are determined
againin the way that these values are the average values
of the judging parameter values obtained in the past in-
cluding the last time and abnormal values are excluded
during this procedure, according as the number of times
increases, the reference values of judging parameters
can be obtained which indicate more exactly the body
water amount in a normal condition. Therefore, it is pos-
sible to judge the body water amount condition appropri-
ately according to each individual subject.

[0073] In addition, as the judging parameters men-
tioned above can be calculated based on the bioelectric
impedance, the operation of the apparatus is simplified
without inputting the personal parameters such as a
height, an age, a sex, a body weight, and the like.

Claims

1. A body water amount condition judging apparatus,
comprising

a multi-frequency bioelectric impedance meas-
uring device which supplies a plurality of alter-
nating currents of different frequencies to a body
of a subject and measures bioelectric imped-
ance values;

a calculating device which calculates each judg-
ing parameter value based an said bioelectric
impedance values measured;

a reference value determining unit which deter-
mines reference values;

a body.water amount condition judging unit
which judges a body water amount condition of
the subject;

a display device for displaying a judging result
of the body water amount condition judged;

wherein said calculating device calculates at least
two values selected from intra-cellular water resist-
ance, extra-cellular water resistance, combined re-
sistance of the intra-cellular and extra-cellular water
resistance, and a ratio of intra-cellular and extra-cel-
lular water resistance, as the judging parameters for
judging a body water amount condition;

said reference value determining unit selects the
judging parameters which are calculated in the past
for the same subject as the one whose body water
amount condition is to be judged and are the same
kind of judging parameter values as those calculated
by said calculating device, and determines them to
be the reference values;

said body water amount condition judging unitjudges
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the body water amount condition by comparing said
judging parameter values calculated by the calculat-
ing device with said reference values determined by
said reference value determining unit without input-
ting personal parameters, such as height, age, sex,
body weight and the like.

An apparatus according to claim 1 wherein;

said calculating device further calculates at least one
of the values of intra-cellular water content, extra-
cellular water content and total body water content.

An apparatus according to claim 1 or 2 wherein;
said reference value determining unit determines
that an average value of each judging parameter of
the past is a reference value of a judging parameter
of the same kind.

An apparatus according to claim 1 or 2 wherein;
said reference value determining unit determines
that the latest value in judging parameters of the past
is a reference value of a judging parameter of the
same kind.

An apparatus according to any one of claims 1 to 4
wherein;

said reference value determining unit determines a
reference value of a judging parameter every time
the judging parameter is calculated.

An apparatus according to any one of claims 1 to 5
wherein;

said reference value determining unit does not use
a value of a judging parameter for determining a ref-
erence value of the judging parameter, when the val-
ue of the judging parameter is abnormal.

An apparatus according to claim 6 wherein;

said reference value determining unit determines
that a value of a judging parameter is abnormal,
when the difference between each value of the judg-
ing parameter and a reference value of the judging
parameter of the same kind which is already deter-
mined exceeds the predetermined value.

An apparatus according to claim 6 or 7 wherein;
said reference value determining unit determines
whether a value of a judging parameter is abnormal
or not depending upon the time a bioelectric imped-
ance value is determined for calculating the value of
the judging parameter.

An apparatus according to any one of claims 6 to 8
further comprising:

an abnormal value selecting device; wherein;
said abnormal value selecting device decides
whether a subject uses a value of a judging pa-
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rameter for determining a reference value or not;
said reference value determining unit deter-
mines whether the value of the judging param-
eter is abnormal or not responding to said ab-
normal value selecting device.

10. An apparatus according to claim 8 wherein;

said reference value determining unit decides that a
value of a judging parameter is abnormal if the time
a bioelectric impedance value is determined for cal-
culating the value of the judging parameter is in the
hour of rising for the subject.

Patentanspriiche

1.

Kdrperwassermengenzustandsschatzvorrichtung
bzw. Vorrichtung zur Schatzung der Wassermenge
bzw. des Wassermengenzustands im Kdrper, um-
fassend

eine Multi-Frequenz-Bioelektrische-Impedanz-
MefReinrichtung bzw. eine Einrichtungzum Mes-
sen der bioelektrischen Impedanz bei mehreren
Frequenzen, welche eine Mehrzahl von Wech-
selstrdbmen unterschiedlicher Frequenzen zu ei-
nem Korper eines Probanden zufiihrt und bio-
elektrische Impedanzwerte misst;

eine Berechnungseinrichtung, welche jeden
Schatzungsparameterwert basierend auf den
gemessenen bioelektrischen Impedanzwerten
berechnet;

eine Referenzwertbestimmungseinheit, welche
Referenzwerte bestimmt;

eine Korperwassermengenzustandsschatzein-
heit bzw. Einheit zur Schatzung der Wasser-
menge bzw. des Wassermengenzustands im
Kdrper, welche einen Kérperwassermengenzu-
stand des Probanden schatzt;

eine Anzeigeeinrichtung zum Anzeigen eines
Schatzungsergebnisses der geschatzten Kor-
perwassermenge;

wobei die Berechnungseinrichtung mindestens zwei
Werte ausgewahlt aus dem Widerstand des intrazel-
luldren Wassers, dem Widerstand des extrazellula-
ren Wassers, dem kombinierten Widerstand aus
dem Widerstand des intrazelluléaren und des extra-
zellularen Wassers und einem Verhaltnis des Wider-
standes von intrazelluldrem und extrazelluldrem
Wasser als die Schatzungsparameter zum Schétzen
einer Kérperwassermenge berechnet;

die Referenzwertbestimmungseinheit die Schat-
zungsparameter auswahlt, welche in der Vergan-
genheit fiir den gleichen Probanden wie dem, des-
sen Korperwassermengenzustand geschatzt wer-
den soll, berechnet wurden bzw. sind, und welche
die gleiche Art von Schatzungsparameterwerten
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sind wie die, die durch die Berechnungseinrichtung
berechnet wurden, und sie zu Referenzwerten be-
stimmt;

die  Kdrperwassermengenzustandsschatzeinheit
den Kérperwassermengenzustand durch Verglei-
chen der Schatzungsparameterwerte, welche durch
die Berechnungseinrichtung berechnet wurden, mit
den Referenzwerten, welche durch die Referenz-
wertbestimmungseinheit bestimmtwurden, ohne die
Eingabe personlicher Parameter wie GréRe, Alter,
Geschlecht, Kérpergewicht und dhnlichen schatzt.

Vorrichtung nach Anspruch 1, wobei

die Berechnungseinrichtung ferner mindestens ei-
nen der Werte aus intrazellularem Wassergehalt, ex-
trazellularem Wassergehalt und Gesamtkdrperwas-
sergehalt berechnet.

Vorrichtung nach Anspruch 1 oder 2, wobei

die Referenzwertbestimmungseinheit bestimmt,
dass ein Durchschnittswert von jedem Schatzungs-
parameter aus der Vergangenheit ein Referenzwert
eines Schatzungsparameters der gleichen Art ist.

Vorrichtung nach Anspruch 1 oder 2, wobei

die Referenzwertbestimmungseinheit bestimmt,
dass der letzte Wert der Schatzungsparameter bzw.
beim Schéatzen von Parametern der Vergangenheit
ein Referenzwert eines Schatzungsparameters der
gleichen Art ist.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei

die Referenzwertbestimmungseinheit jedes Mal ei-
nen Referenzwert eines Schatzungsparameters be-
stimmt, wenn der Schatzungsparameter berechnet
wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
die Referenzwertbestimmungseinheit nicht einen
Wert eines Schatzungsparameters zum Bestimmen
eines Referenzwertes des Schatzungsparameters
verwendet, wenn der Wert des Schatzungsparame-
ters anomal ist.

Vorrichtung nach Anspruch 6, wobei

die Referenzwertbestimmungseinheit bestimmt,
dass ein Wert eines Schatzungsparameters anomal
ist, wenn die Differenz zwischen jedem Wert des
Schatzungsparameters und einem Referenzwert
des Schatzungsparameters der gleichen Art, wel-
cher bereits bestimmt wurde bzw. ist, den vorbe-
stimmten Wert Ubersteigt.

Vorrichtung nach Anspruch 6 oder 7, wobei

die Referenzwertbestimmungseinheit bestimmt, ob
ein Wert eines Schatzungsparameters anomal ist
oder nicht, in Abhangigkeit von der Zeit zu bzw. in
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10.

22

der ein bioelektrischer Impedanzwert zum Berech-
nen des Wertes des Schatzungsparameters be-
stimmt wird.

Vorrichtung nach einem der Anspriiche 6 bis 8, fer-
ner umfassend:

eine Auswahleinrichtung fir anomale Werte,
wobei

die Auswahleinrichtung fur anomale Werte ent-
scheidet, ob ein Proband einen Wert eines
Schéatzungsparameters zum Bestimmen eines
Referenzwertes verwendet oder nicht;

die  Referenzwertbestimmungseinheit  be-
stimmt, ob der Wert des Schatzungsparameters
anomal ist oder nicht, als Reaktion auf die Aus-
wabhleinrichtung fur anomale Werte.

Vorrichtung nach Anspruch 8, wobei

die Referenzwertbestimmungseinheit entscheidet,
dass ein Wert eines Schatzungsparameters anomal
ist, wenn die Zeit, zu bzw. in der ein bioelektrischer
Impedanzwert zum Berechnen des Wertes des
Schéatzungsparameters bestimmtwird, in der Stunde
des Aufstehens flir den Probanden liegt.

Revendications

1.

Dispositif d’estimation de situation de la quantité
d’eau dans le corps, comprenant

un dispositif de mesure d’impédance bioélectri-
que multifréquence, qui fournit une pluralité de
courants alternatifs de différentes fréquences
au corps d’'un sujet et mesure les valeurs d'im-
pédance bioélectrique,

un dispositif de calcul qui calcule chaque valeur
de parametre d’estimation sur la base desdites
valeurs d’'impédance bioélectrique mesurées,
une unité de détermination de valeurs de réfé-
rence qui détermine des valeurs de référence,
une unité d’estimation de situation de la quantité
d’eau dans le corps qui estime une situation de
la quantité d’eau dans le corps du sujet,

un dispositif d’affichage destiné a afficher un ré-
sultat d’estimation de la situation de la quantité
d’eau dans le corps estimée,

dans lequel ledit dispositif de calcul calcule au moins
deux valeurs sélectionnées parmi la résistance a
I'eau intra-cellulaire, la résistance a I'eau extra-cel-
lulaire, la résistance combinée de la résistance a
I'eau intra-cellulaire et de la résistance a I'eau extra-
cellulaire, et un rapport de la résistance a I'eau intra-
cellulaire et de la résistance a I'eau extra-cellulaire,
en tant que paramétres d’estimation en vue d’esti-
mer une situation de la quantité d’eau dans le corps,
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ladite unité de détermination de valeurs de référence
sélectionne les parameétres d’estimation qui sont cal-
culés par le passé pour le méme sujet que celui dont
la situation de la quantité d’eau dans le corps doit
étre estimée et sont le méme type de valeurs de
paramétres d’estimation que celles calculées par le-
dit dispositif de calcul, et détermine qu’ils sont les
valeurs de référence,

ladite unité d’estimation de situation de la quantité
d’eau dans le corps estime la situation de la quantité
d’eau dans le corps en comparant lesdites valeurs
de paramétres d’estimation calculées par le dispo-
sitif de calcul auxdites valeurs de référence détermi-
nées par ladite unité de détermination de valeurs de
référence sans entrer de paramétres personnels tels
que la taille, I'age, le sexe, le poids et autres.

Dispositif selon la revendication 1, dans lequel :

ledit dispositif de calcul calcule en outre au
moins I'une des valeurs du contenu en eauintra-
cellulaire, du contenu en eau extra-cellulaire et
du contenu en eau dans le corps totale.

3. Dispositif selon la revendication 1 ou 2, dans lequel :

ladite unité de détermination de valeurs de ré-
férence détermine qu’une valeur moyenne de
chaque paramétre d’estimation passé est une
valeur de référence d’un parameétre d’estimation
du méme type.

4. Dispositif selon larevendication 1 ou 2, dans lequel :

ladite unité de détermination de valeurs de ré-
férence détermine que la toute derniére valeur
des parametres d’estimation passés est une va-
leur de référence d’un parameétre d’estimation
du méme type.

5. Dispositifselonl'une quelconque des revendications

1 a 4, dans lequel :

ladite unité de détermination de valeurs de ré-
férence détermine une valeur de référence d’'un
paramétre d’estimation a chaque fois que le pa-
rametre d’estimation est calculé.

6. Dispositif selon’'une quelconque des revendications

1 a5, dans lequel :

ladite unité de détermination de valeurs de ré-
férence n’utilise pas une valeur d’'un parameétre
d’estimation en vue de déterminer une valeur
de référence du paramétre d’estimation, lorsque
la valeur du parametre d’estimation est anorma-
le.
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7. Dispositif selon la revendication 6, dans lequel :

ladite unité de détermination de valeurs de ré-
férence détermine qu’une valeur d’'un parameétre
d’estimation est anormale, lorsque la différence
entre chaque valeur du paramétre d’estimation
et une valeur de référence du parametre d’esti-
mation du méme type qui est déja déterminée,
dépasse la valeur prédéterminée.

8. Dispositif selon la revendication 6 ou 7, dans lequel :

ladite unité de détermination de valeurs de ré-
férence détermine si une valeur d’un parametre
d’estimation est anormale ou non en fonction du
moment ol une valeur d'impédance bioélectri-
que est déterminée pour calculer la valeur du
parametre d’estimation.

9. Dispositif selon'une quelconque des revendications

6 a 8, comprenant en outre :

un dispositif de sélection de valeur anormale, ou
ledit dispositif de sélection de valeur anormale
décide si un sujet utilise une valeur d’'un para-
métre d’estimation pour déterminer une valeur
de référence ou non,

ladite unité de détermination de valeurs de reé-
férence détermine si la valeur du parameétre
d’estimation est anormale ou non en réponse
audit dispositif de sélection de valeur anormale.

10. Dispositif selon la revendication 8, dans lequel :

ladite unité de détermination de valeurs de ré-
férence décide qu’'une valeur d’'un paramétre
d’estimation est anormale si le moment lors-
qu’une valeur d'impédance bioélectrique est dé-
terminée pour calculer la valeur du paramétre
d’estimation s’inscrit dans I'heure du lever du
sujet.
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FIG. 7
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