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57 ABSTRACT

Disclosed is a body fat measuring device for measuring
body fat of an animal, comprising: an individual information
input unit; a bioelectric impedance input unit; a morpho-
logical measurement value input unit; an impedance-based
calculation unit; a morphological measurement value-based
calculation unit; and a calculation switching unit. According
to the present invention said individual information input
unit enters the individual information of the animal, said
bioelectric impedance input unit measures and enters the
bioelectric impedance of the animal, and said morphological
measurement value input unit enters the morphological
measurement values for the girth of body and the length of
body of the animal. Furthermore, said impedance-based
calculation unit calculates the body fat rate based on the
bioelectric impedance, said morphological measurement
value-based calculation unit calculates the body fat rate
based on the morphological measurement values for the
girth of body and the length of body of the animal, and said
calculation switching unit checks to determine whether the
resulting bioelectric impedance is proper or not and then
automatically switches between said impedance-based cal-
culation unit and said morphological measurement value-
based calculation unit depending on the result of determi-
nation.
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BODY FAT MEASURING DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a body fat mea-
suring device for measuring the body fat of an animal using
a plurality of measuring means which are successively put
into operation by switching therebetween.

[0003] 2. Prior Art

[0004] There has been developed a body fat measuring
device for an animal using noninvasive impedance measure-
ment in which a dog is suspended by a fixing tool in such
manner that the dog is restricted in posture while standing on
all four limbs, but spaced away from the floor. A measure-
ment person wears a set of gloves on both hands each having
an impedance measurement electrode affixed on the palm
portion thereof, and grasps the front and rear limbs of the
dog at the specific positions so that the electrodes on the
gloves are contact therewith for measuring the impedance
between the specific positions on the front and rear limbs of
the dog. Then, the body fat of the dog is calculated based on
the impedance measured (see Patent Document 1).

[0005] Patent Document 1: Japanese Patent Laid-Open
No. 2003-144005.

[0006] However, the body fat measuring device in the
prior art using impedance measurement, as described above,
is defective in that because of necessity of grasping the limbs
of the animal at the specific positions the measurement
person needs to have some expert knowledge about bone
and muscle structure of the animal. As the result, there was
such tendency that the electrodes are likely to be shifted in
position to produce an erroneous measurement depending on
the manner that the limbs are grasped. In addition, it was
sometimes difficult to conduct the measurement due to effect
of body hair of the animal on the contact point with the
electrode, violent action of the animal, etc.

[0007] In view of the above an object of the present
invention is to provide a body fat measuring device for
measuring the body fat of an animal under test using the
most suitable measuring means for the animal under test
selected from among a plurality of measuring means by
switching therebetween depending on behavior of the ani-
mal under test and contact condition of electrodes.

SUMMARY OF THE INVENTION

[0008] To attain such object the present invention provides
a body fat measuring device for measuring body fat of an
animal, comprising: an individual information input unit; a
bioelectric impedance input unit; a morphological measure-
ment value input unit; an impedance-based calculation unit;
a morphological measurement value-based calculation unit;
and a calculation switching unit, wherein

[0009] said individual information input unit enters
the individual information of the animal,

[0010] said bioelectric impedance input unit mea-
sures and enters the bioelectric impedance of the
animal,

[0011] said morphological measurement value input
unit enters the morphological measurement values
for the girth of body and the length of body of the
animal,

Jun. 9, 2005

[0012] said impedance-based calculation unit calcu-
lates the body fat rate based on the bioelectric
impedance,

[0013] said morphological measurement value-based
calculation unit calculates the body fat rate based on
the morphological measurement values for the girth
of body and the length of body of the animal, and

[0014] said calculation switching unit checks to
determine whether the resulting bioelectric imped-
ance is proper or not and then automatically switches
between said impedance-based calculation unit and
said morphological measurement value-based calcu-
lation unit depending on the result of determination.

[0015] According to one embodiment of the present inven-
tion said bioelectric impedance input unit includes at least
one of a set of trunk portion electrodes and a set of sole
electrodes, wherein said set of trunk portion electrodes is
contact with the trunk portion and said set of sole electrodes
is contact with the soles of limbs of the animal.

[0016] According to another embodiment of the present
invention said bioelectric impedance input unit includes
both a set of trunk portion electrodes and a set of sole
electrodes, wherein said set of trunk portion electrodes is
contact with the trunk portion and said set of sole electrodes
is contact with the soles of limbs of the animal, and said
bioelectric impedance input unit further includes a electrode
switching unit to automatically switch between the set of
trunk portion electrodes and the set of sole electrodes.

[0017] According to further embodiment of the present
invention said bioelectric impedance input unit further
includes an auxiliary unit by which each of soles of four
limbs of the animal is likely to make contact with each of the
associated sole electrodes.

[0018] According to yet further embodiment of the present
invention the device further comprises a base, a platform
disposed on the base, on which the animal lies on one’s belly
while floating the four limbs of the animal in the air, and a
front limb auxiliary support and a rear limb auxiliary support
both of which are drawn from the platform to such positions
that they become contact to the roots of the front and rear
limbs of the animal for supporting the trunk portion thereof,

[0019] said bioelectric impedance input unit includes
a set of trunk portion electrodes provided at both end
portions of the front limb auxiliary support and the
rear limb auxiliary support for making contact with
the trunk portion of the animal, and a set of sole
electrodes provided on the base for making contact
with soles of four limbs of the animal, and

[0020] the device further comprises a switching unit
which acts to automatically switch between the set of
trunk portion electrodes and the set of sole elec-
trodes.

[0021] According to yet further embodiment of the present
invention the platform is supported on a height-adjustable
lift unit provided on the base.

[0022] According to yet further embodiment of the present
invention said morphological measurement value input unit
includes an operation unit provided on the base.
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[0023] According to yet further embodiment of the present
invention said morphological measurement value input unit
includes a distance-between-limbs measurement unit which
measures the distance between front and rear limbs, i.e. the
body length of the animal, based on the distance over which
the front limb auxiliary support and the rear limb auxiliary
support are moved relative to the platform.

[0024] According to yet further embodiment of the present
invention said morphological measurement value input unit
includes a weight measuring unit provided on the base.

[0025] According to yet further embodiment of the present
invention said morphological measurement value input unit
includes a measuring tool with an automatic distance mea-
suring encoder included in the front limb auxiliary supports
for measuring girth of the animal.

EFFECTS OF THE INVENTION

[0026] A body fat measuring device for measuring body
fat of an animal according to the present invention com-
prises: an individual information input unit; a bioelectric
impedance input unit; a morphological measurement value
input unit; an impedance-based calculation unit; a morpho-
logical measurement value-based calculation unit; and a
calculation switching unit, wherein said individual informa-
tion input unit enters the individual information of the
animal, said bioelectric impedance input unit measures and
enters the bioelectric impedance of the animal, said mor-
phological measurement value input unit enters the morpho-
logical measurement values for the girth of body and the
length of body of the animal, said impedance-based calcu-
lation unit calculates the body fat rate based on the bioelec-
tric impedance, said morphological measurement value-
based calculation unit calculates the body fat rate based on
the morphological measurement values for the girth of body
and the length of body of the animal, and said calculation
switching unit checks to determine whether the resulting
bioelectric impedance is proper or not and then automati-
cally switches between said impedance-based calculation
unit and said morphological measurement value-based cal-
culation unit depending on the result of determination.
Accordingly, even in such case that there is no impedance
value resulted because of any movement of the animal or
significant effect of body hair of the animal then calculation
of body fat rate can still be done by morphological mea-
surement.

[0027] The bioelectric impedance input unit may include
at least one of a set of trunk portion electrodes and a set of
sole electrodes, wherein the set of trunk portion electrodes
is contact with the trunk portion and the set of sole elec-
trodes is contact with the soles of limbs of the animal.
Accordingly, any person can noninvasively measure the
impedance of the trunk portion of the animal without any
need to have some expert knowledge about living body
structure of the animal.

[0028] The bioelectric impedance input unit may include
both a set of trunk portion electrodes and a set of sole
electrodes, wherein the set of trunk portion electrodes is
contact with the trunk portion and the set of sole electrodes
is contact with the soles of limbs of the animal, and the
bioelectric impedance input unit may further include a
electrode switching unit to automatically switch between the
set of trunk portion electrodes and the set of sole electrodes.
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Accordingly, the impedance measurement for any of various
types of animals can be done using the most suitable type of
electrodes selected from among said sets of electrodes by
switching therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The present invention will be described in more
detail with reference to the accompanying drawings, in
which:

[0030] FIG. 1 is a perspective view illustrating external
appearance of a measuring device according to first embodi-
ment of the present invention;

[0031] FIG. 2 is a side view illustrating the measuring
device at the time when the measuring is being done, and
also illustrating the principle of measurement;

[0032] FIG. 3 is an electrical block diagram of the mea-
suring device;

[0033] FIG. 4 is a main flow chart illustrating operation of
the measuring device;

[0034] FIG. 5 is a sub-flow chart illustrating the first
impedance measurement process;

[0035] FIG. 6 is a sub-flow chart illustrating the second
impedance measurement process;

[0036] FIG. 7 is a view illustrating the principle of mea-
surement for the second impedance process;

[0037] FIG. 8 is an external view of the body fat mea-
suring device according to the second embodiment;

[0038] FIG. 9 is an electrical block diagram of the mea-
suring device according to the second embodiment; and

[0039] FIG. 10 is a flow chart illustrating operation of the
measuring device according to the second embodiment.

BEST MODE FOR IMPLEMENTING THE
INVENTION

[0040] The present invention provides a body fat measur-
ing device for measuring body fat of an animal comprising:
an individual information input unit; a bioelectric impedance
input unit; a morphological measurement value input unit;
an impedance-based calculation unit; a morphological mea-
surement value-based calculation unit; and a calculation
switching unit, wherein said individual information input
unit enters the individual information of the animal, said
bioelectric impedance input unit measures and enters the
bioelectric impedance of the animal, said morphological
measurement value input unit enters the morphological
measurement values for the girth of body and the length of
body of the animal, said impedance-based calculation unit
calculates the body fat rate based on the bioelectric imped-
ance, said morphological measurement value-based calcu-
lation unit calculates the body fat rate based on the mor-
phological measurement values for the girth of body and the
length of body of the animal, and said calculation switching
unit checks to determine whether the resulting bioelectric
impedance is proper or not and then automatically switches
between said impedance-based calculation unit and said
morphological measurement value-based calculation unit
depending on the result of determination. Furthermore, the
bioelectric impedance input unit includes at least one of a set
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of trunk portion electrodes and a set of sole electrodes,
wherein the set of trunk portion electrodes is contact with the
trunk portion and the set of sole electrodes is contact with
the soles of limbs of the animal. Alternatively, the bioelectric
impedance input unit may include both a set of trunk portion
electrodes and a set of sole electrodes, but in such case, it
also includes an electrode switching unit to automatically
switch between the set of trunk portion electrodes and the set
of sole electrodes.

Description of First Embodiments

[0041] A device according to first embodiment of the
present invention is configured to derive the body fat rate of
an animal under test by any one of the following three types
of measurement processes, which are successively per-
formed by switching therebetween:

[0042] First impedance measurement process in
which an animal under test is fixed by a fixing tool
with measurement electrodes contact with the trunk
portion of the animal for measuring the impedance
thereof;

[0043] Second impedance measurement process in
which the measuring electrodes are contact with the
soles of four limbs of the animal for measuring the
impedance thereof, the first and second impedance
measurement processes each produces impedance
value used for calculation of body fat rate of the
animal; and

[0044] Third process in which the body fat rate is
calculated based on the morphological measurement
value.

[0045] The highest precision with which the body fat rate
is measured is resulted from the first impedance measure-
ment process because of measurement of trunk portion
impedance directly performed on the trunk portion of the
animal. The next higher precision is resulted from the
second impedance measurement process in which the
impedance substantially equal to that of the trunk portion is
measured by canceling the four limbs impedance according
to prior art four-electrode impedance measurement method.
The lowest precision is resulted from the third process in
which the body fat rate is calculated based on the morpho-
logical measurement value. The device of the present inven-
tion is configured to automatically judge behavior of the
animal or contact condition of the impedance measurement
electrodes to select which one is most suitable for that
animal from among those measurement processes, begin-
ning with one having highest precision in measurement.

[0046] The device for measuring the body fat of an animal
according to this first embodiment will be described in more
detail with reference to FIGS. 1 to 3. In particular, FIG. 1 is
a perspective view illustrating external appearance of the
measuring device of the present invention; FIG. 2 is a side
view illustrating the measuring device at the time when the
measuring is being done, and also illustrating the principle
of measurement; and FIG. 3 is an electrical block diagram
of the measuring device.

[0047] Referring to FIGS. 1 and 2, an external construc-
tion of the measuring device 1 for measuring the body fat of
an animal according to the present invention will be
described. The measuring device 1 includes a platform 2 on
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which the animal lies on one’s belly while floating the four
limbs of the animal in the air. The measuring device 1 further
includes a front limb auxiliary support 3 and a rear limb
auxiliary support 4 which can be drawn from the platform 2
to such positions that they become contact to the roots of the
front and rear limbs of the animal to accept any difference
in size of the animal and which can assist to support the body
portion from the roots of the front limbs to that of the rear
limbs hereafter referred to as a “trunk portion”) of the
animal.

[0048] The front limb auxiliary support 3 and the rear limb
auxiliary support 4 have a set of trunk portion electrodes 5
consisting of impedance measurement electrodes 5a, 5b, Sc
and 5d provided at both end portions thereof for making
contact with the trunk portion of the animal. In particular, a
current applying electrode 5a is provided at an end portion
of the front limb auxiliary support 3 and a voltage measure-
ment electrode 5c¢ is provided at the position inside relative
to the current applying electrode Sa. In the same manner, a
current applying electrode 5b is provided at an end portion
of the rear limb auxiliary support 4 and a voltage measure-
ment electrode 5d is provided at the position inside relative
to the current applying electrode 5b.

[0049] Although not shown in the figures, the platform 2
and the front and rear limb auxiliary supports 3 and 4 each
comprise a prior art slide mechanism, a stopper mechanism
capable of arbitrary or gradually positioning the front and
rear limb auxiliary supports 3 and 4, and a prior art encoder
for measuring the distance in movement of the front and rear
limb auxiliary supports 3 and 4.

[0050] Furthermore, the platform 2, together with the front
and rear limb auxiliary supports 3 and 4, is supported on a
lift unit 7 which is adjustable in height relative to a weight
measurement unit 6. The weight measurement unit 6 has a
set of sole electrodes 8 consisting of impedance measure-
ment electrodes 8a, 8b, 8¢ and 8d provided on an upper
surface thereof for making contact with soles of four limbs
of the animal. In particular, they are: current applying
electrodes 8a and 8b for making contact with the soles of
left-hand side front and rear limbs; and voltage measurement
electrodes 8¢ and 8d for making contact with the soles of
right-hand side front and rear limbs of the animal.

[0051] The weight measurement unit 6 further includes an
operation unit 9 for operating the animal body fat measuring
device 1 and a display unit 10 for displaying the result of
measurement, guidance information, etc. In particular, the
operation unit 9 includes a lift adjusting key for adjusting the
height of the lift unit 7, a ten-key with direction keys for
numerical input and selection, a power switch, a measure-
ment start switch, and the like.

[0052] FIG. 2 is a view illustrating the measuring device
at the time when the first measuring process is being done to
measure the impedance using the set of trunk portion
electrodes 5 while fixing the animal therein, and also illus-
trating the principle of measurement. In particular, the body
of the animal under test is placed on the platform 2, and the
front limb auxiliary support 3 and the rear limb auxiliary
support 4 are drawn to such positions that they become
contact to the roots of the front and rear limbs of the animal
to support the trunk portion of the animal. Then, the lift
adjusting key on the operation unit 9 is operated to rise the
height of the lift unit 7 until the four limbs of the animal
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become floated in the air to reach the animal fixing condition
at which the first impedance measurement process is con-
ducted.

[0053] The principle of measurement is such that an
electric current is passed through the current applying elec-
trodes 5a and 5b which are directly contact to the trunk
portion of the animal in the animal fixing condition, as
shown, and the impedance is measured between the voltage
measurement electrodes 5c and 5d which are mounted at the
position inside relative to the current applying electrodes Sa
and 5b, respectively.

[0054] Then, the platform 2 is lowered automatically or by
adjusting the height of the lift unit 7 using the lift adjusting
key on the operation unit 9 from the position at which the
animal fixing condition is kept, as shown, until the soles of
four limbs of the animal supported on the platform 2 become
contact to the set of sole electrodes 8, respectively. As the
platform 2 is further lowered the platform 2 and the front and
the rear limb auxiliary supports 3 and 4 are separated from
the trunk portion of the animal, together with the set of trunk
portion electrodes 5. As the result, the animal stands on the
weight measuring unit 6 with four limbs being contact to the
set of sole electrodes 8, respectively, to enter the second
impedance measurement process.

[0055] In view of transition from the first to the second
impedance measurement process, as described above, the
weight measurement unit 6 and the set of sole electrodes 8
provided thereon should have at least such size that the soles
of four limbs of the animal are sure to land on the sole
electrodes 8a, 8b, 8c and 84, respectively, as the platform 2
is lower from the position at which the animal fixing
condition is kept.

[0056] Next, the internal components of the animal body
fat measuring device 1 will be described in more detail with
reference to the electrical block diagram of FIG. 3. The set
of trunk portion electrodes 5 and the set of sole electrodes 8
are all connected to a switching unit 20 which also includes
a grounding connection. The switching unit 20 is connected
to a controller unit 23, together with a current applying unit
21 and a voltage measurement unit 22.

[0057] Also connected to the controller unit 23 are: a
distance-between-limbs measurement unit 24 for measuring
the distance between front and rear limbs that is the body
length of the animal supported on the platform by measuring
the distance in movement of the drawer portions 3 and 4
with an encoder (not shown); an arithmetic unit 25 for
calculating the body fat rate of the animal using the data
measured or entered; and a memory unit 26 in which various
types of calculation formulae, measurement results, etc. are
stored. In addition, the weight measuring unit 6, the lift unit
7, the operation unit 9 and the display unit 10, as described
above, are also connected to the controller unit 23, together
with a power supply 27.

[0058] The switching unit 20 is provided to switch
between the set of trunk portion electrodes 5 and the set of
sole electrodes 8 so that either one of them is connected to
the current applying unit 21 and the voltage measurement
unit 22 in order to perform either one of the first and second
impedance measurement process. In addition, when the
current applying unit 21 and the voltage measurement unit
22 are connected to ground the third process is performed in
which the body fat rate is calculated based on the morpho-
logical measurement.
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[0059] More particularly, the connection, as indicated by a
solid line in the figure, extending to the set of trunk portion
electrodes 5 from the current applying unit 21 and the
voltage measurement unit 22 is made for performing the first
impedance measurement process. On the other hand, the
connection, as indicated by a broken line in the figure,
extending to the set of sole electrodes 8 is made for
performing the second impedance measurement process.
Although not shown in the figure, when the current applying
unit 21 and the voltage measurement unit 22 are connected
to ground, the resulting connection is made for the third
process in which the measurement of impedance is not done,
instead the body fat rate is calculated based on the morpho-
logical measurement.

[0060] Referring now to FIGS. 4 to 7, operation of the
animal body fat measuring device 1 according to the present
invention will be described in more detail. In this example,
an animal under test of which body fat is to be measured by
the device 1 is a dog. In particular, FIG. 4 is a main flow
chart; FIG. 5 is a sub-flow chart illustrating the first imped-
ance measurement process using the set of trunk portion
electrodes 5; FIG. 6 is a sub-flow chart illustrating the
second impedance measurement process using the set of sole
electrodes 8; and FIG. 7 is a view illustrating the principle
of measurement for the second impedance process.

[0061] Referring, first, to the main flow chart of FIG. 4,
the power switch on the operation unit 9 is operated to turn
ON the body fat measuring device 1. Then, at step S1 an
initialization procedure is executed. In this initialization
procedure the switching unit 20 is connected to the control-
ler unit 23 and is switched to the position where the
impedance measurement is performed using the set of trunk
portion electrodes 5. That is to say, the trunk portion
electrodes 5a and 5b are connected to the current applying
unit 21 and the trunk portion electrodes Sc and 5d are
connected to the voltage measurement unit 22.

[0062] Then, at step S2 a message is displayed on the
display unit 10 for prompting a user to enter the individual
information and the girth of chest of the dog and to start the
measurement by depressing the measurement switch on the
operation unit 9 after the dog is fixed. Next, at step S3 a
check is done to determine whether the measurement switch
is depressed or not. If not, the routine proceeds to “NO”
branch to perform the check again.

[0063] In the first embodiment the individual information
is defined as consisting of type, sex and age of a dog under
test. In particular, the type of the dog may be entered in such
manner that a cursor operable using the ten-key with the
direction keys on the operation unit 9 and a plurality of types
of dogs selectable by the cursor are displayed on the display
unit 10 and then any one of those types of dogs is selected
by using the cursor for entering. The girth of chest is defined
as the girth of the body at the position of the roots of front
limbs. For example, the numerical value for the girth of
chest provided in advance using some measuring tool may
be entered with the ten-key on the operation unit 9.

[0064] After the individual information and the girth of
chest have been entered, the dog has been fixed as described
in connection with FIG. 2, and the measurement switch on
the operation unit 9 has been depressed at step S3 then the
routine proceeds via “YES” branch of step S3 to step S4. In
this step S4 the weight of the dog is measured by the weight
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measurement unit 6, the distance between front and rear
limbs of the dog is automatically measured by the distant-
between-limbs measurement unit 24, and each of the data is
automatically stored in the memory unit 26. Then, at step S5
the first impedance measurement process using the set of
trunk portion electrodes § is performed, which will be
described hereafter with reference to FIG. §.

[0065] At step S6 a check is made to determine whether
the proper impedance value is provided by the first imped-
ance measurement process. In the first impedance measure-
ment process the measurement of impedance is done several
times and only the impedance values considered proper are
averaged. Accordingly, it is determine, here, whether such
average value is stored in the memory unit 26.

[0066] 1If the average value is stored, the routine proceeds
via “YES” branch of step S6 to step S7 where a body fat rate
calculation formula suitable for the individual information
that has been entered is retrieved from the memory unit 26
in which a plurality of body fat rate calculation formulae for
the first impedance measurement process are stored for each
of the individual information, and then, the body fat rate is
calculated in the arithmetic unit 25. Then, at step S8 the
result of calculation is displayed on the display unit 10. It is
noted, here, that the body fat rate calculation formula for the
first impedance measurement process is a regression formula
1 which is resulted from multi-correlation between the body
fat rate provided by “DEXA” measurement in advance, the
average of impedance provided by the first impedance
measurement process, the body weight, the distance between
front and rear limbs, and the girth of chest. For example, the
formula is written as follows:
Body Fat Rate (% FAT)=axAveraged Impedance+px

Body Weight+yx(Girth of Chest/Distance between
Front and Rear Limbs)+0

[0067]

[0068] However, if the averaged impedance value is not
stored in the memory unit 27 at step S6 then it is determined
that no proper impedance value is provided in the first
impedance measurement process. Then, the routine proceeds
via “NO” branch of step S6 to step S10 where the switching
unit 20 is switched under the control of the controller unit 23
to such position that the current applying unit 21 and the
voltage measurement unit 22 are connected to the set of sole
electrodes 8, instead of the set of trunk portion electrodes 5,
in order to transfer to the second impedance measurement
process, which will be described hereafter with reference to
FIG. 6.

[0069] At step S11 a check is made to determine whether
the proper impedance value is provided by the second
impedance measurement process. In the second impedance
measurement process an average of the impedance stably
measured within the predetermined time period is calcu-
lated. Accordingly, it is determine, here, whether such
average value is stored in the memory unit 26.

[0070] If the average value is stored, the routine proceeds
via “YES” branch of step S11 to step S12 where a body fat
rate calculation formula suitable for the individual informa-
tion that has been entered is retrieved from the memory unit
26 in which a plurality of body fat rate calculation formulae
for the second impedance measurement process are stored
for each of the individual information, and then, the body fat
rate is calculated in the arithmetic unit 25. Then, at step S8

where a, 3, y and d are constants.
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the result of calculation is displayed on the display unit 10.
It is noted, here, that the body fat rate calculation formula for
the second impedance measurement process is a regression
formula 2 which is resulted from multi-correlation between
the body fat rate provided by “DEXA” measurement in
advance, the average of impedance provided by the second
impedance measurement process, the body weight, the dis-
tance between front and rear limbs, and the girth of chest.
For example, the formula is written as follows:

Body Fat Rate (% FAT)=exAveraged Impedance+CTx

Body Weight+nx(Girth of Chest/Distance between
Front and Rear Limbs)+6

[0071] where €, T, m and 6 are constants.

[0072] However, if the averaged impedance value is not
stored in the memory unit 27 at step S11, that is to say, if it
is determined that no proper impedance value is provided in
the second impedance measurement process, in addition to
the first impedance measurement process, then the routine
proceeds via “NO” branch of step S11 to step S13 where the
body fat rate is calculated based on the morphological
measurement value.

[0073] At step S13 the switching unit 20 is switched under
the control of the controller unit 23 to such position that the
current applying unit 21 and the voltage measurement unit
22 are connected to ground so that the power to the set of
trunk portion electrodes 5 and the set of sole electrodes 8 is
interrupted. Then, the body fat rate calculation formula for
the morphological measurement is retrieved from the
memory unit 26 and the body fat rate is calculated in the
arithmetic unit 25. Thereafter, the result of calculation is
displayed on the display unit 10. The body fat rate calcula-
tion formula for the morphological measurement is a regres-
sion formula 3 which is resulted from multi-correlation
between the body fat rate provided by “DEXA” measure-
ment in advance, the girth of chest, the distance between
front and rear limbs, and the body weight. For example, the
formula is written as follows:

Body Fat Rate (% FAT)=kxBody Weight+Ax(Girth of
Chest/Distance between Front and Rear Limbs)+u

[0074] where Kk, A, and u are constants.

[0075] Then, at step S9 a check is made to determine
whether the power switch on the operation unit 9 is
depressed. If it is not depressed the routine proceeds via
“NO” branch of step S9 to step S8. Then, step S8 and S9 are
executed again. However, if the power switch is depressed
then the routine proceeds to “YES” branch of the step S9 so
that the power to the device is turned OFF to terminate the
measurement.

[0076] Now, the first impedance measurement process at
step S5 in FIG. 4 will be described in more detail with
reference to FIG. 5.

[0077] The first impedance measurement process is
executed in such manner that at step S21 an impedance
measurement counter in the controller unit 23 is initially set
to i=0. Then, at step S22 the impedance measurement using
the set of trunk portion electrodes 5 is performed on the basis
of the principle of measurement that has been described with
reference to FIG. 2. Thereafter, at step S23 the counter is
incremented by one (i=i+1) and at step S24 a check is made
to determine whether the measured impedance value is
proper or not.
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[0078] The determination for the impedance value, as
above, is performed by calculating the resistivity based on
the impedance value. In particular, assuming that the mea-
sured impedance value is “Z”, the distance between front
and rear limbs and the girth of chest in the main routine of
FIG. 4 are “L” and “C”, respectively, and the trunk portion
of the dog is modeled by a cylinder having length “L*” and
circumference “C”, then the volume of the cylinder is
written by the following formula:

V=(C/2m)*xL.x7t

[0079] Furthermore, the resistivity “p” is written by the
following formula:

p=VxZ/L2

[0080] Accordingly, the resistivity “p” of the trunk portion
of the dog is written by the following formula:

p=(C12m)>xaixZ/L

[0081] On the other hand, if it is considered that the living
body consists of three living body elements: muscle; fat; and
bone, then the resistivity of each living body element is
generally defined as follows:

[0082] Resistivity of muscle pm=250 (Q-cm);
[0083] Resistivity of fat pf=2500 (Q-cm); and
[0084] Resistivity of bone pb=1750 (Q-cm).

[0085] Accordingly, the judgment criterion is such that if

the resistivity “p” is within the range (hereafter referred to
as “proper range”) of 250=p=2500 then the living body
element is determined as having been correctly measured

and the measured impedance value “Z” is considered proper.

[0086] Therefore, the resistivity “p” is calculated in the
arithmetic unit 25 and is compared with the proper range for
the resistivity stored in the memory unit 26 in advance to
determine whether the measured impedance value is proper
or not.

[0087] If it is determined that the measured impedance
value is proper then the routine proceeds via “YES” branch
of step S24 to step S25 where the measured impedance value
is stored in the memory unit 26. Thereafter, the routine
proceeds to step S26. However, if the measured impedance
value is not proper in step S24 then the routine proceeds via
“NO” branch of step S24 to step S26 without any storage of
the measured impedance value in the memory unit 26. As the
result, the memory unit 26 stores only the impedance values
that have been determined proper.

[0088] At step S26 a check is done to determine whether
the count “i” reaches the preset number of times “n” or not.
If it does not reach “n”, the routine proceeds to step S22
where the measurement of impedance is performed again.
However, if it reaches “n” the routine proceeds to step S27
where the average of the impedance values stored in the
memory unit 26 is calculated and then it is stored again in
the memory unit 26. Thereafter, the routine returns to the
main flow chart in FIG. 4.

[0089] Now, the second impedance measurement process
at step S10 in FIG. 4 will be described in more detail with
reference to FIGS. 6 and 7.

[0090] The second impedance measurement process is
performed in such manner that at step S31 the switching unit
20 is operated under the control of the controller unit 23 so
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that the set of electrodes used is switched from the set of
trunk portion electrodes 5 to the set of sole electrodes 8. In
particular, although the current applying unit 21 has been
connected to the trunk portion electrodes 5z and 5b in the
first impedance measurement process it is now switched to
connect to the sole electrodes 8a and 8b. In the same manner,
although the voltage measurement unit 22 has been con-
nected to the trunk portion electrodes 5c and 5d in the first
impedance measurement process it is now switched to
connect to the sole electrodes 8c and 8d.

[0091] Then, at step S32 the lift unit 7 is operated under
the control of the controller unit 23 to automatically lower
in height so that the platform 2, the front and rear limb
auxiliary supports 3 and 4, and the set of trunk portion
electrodes 5 are separated from the trunk portion of the dog.
Although the body fat measuring device 1 is not shown with
such condition, the soles of four limbs of the dog are contact
with the set of sole electrodes 8, respectively, as can be seen
in FIG. 7 illustrating the principle of measurement. When
the 1ift 7 reaches the lower limit, at step S33, a number-of-
times counter in the controller unit 23 is set to “j=07, and at
step S34, a timer is set to “t=0". Then, the timer is started
concurrently with the start of impedance measurement. The
number-of-times counter has the upper limit setting of
“j=m” and is incremented every time when the measured
impedance value is determined improper. The timer has an
impedance measurement time setting of “t=5 sec”.

[0092] At step S35 the impedance of trunk portion of the
dog is derived by impedance measurement according to
prior art four-electrode method. In particular, as shown in
FIG. 7 illustrating the principle of measurement, an electric
current is passed through the left-hand front and rear soles
and the trunk portion of the dog, and the voltage is measured
across the right-hand front and rear soles. Accordingly, it is
possible to measure the impedance of the trunk portion, as
indicated by “Z” in the figure, without having any effect of
four limbs of the dog.

[0093] After measurement of the impedance, at step S36,
a check is made to determine whether each of soles of the
dog is contact with each of the sole electrodes 8. That is to
say, if the measured impedance value is not less than the
experimentally determined threshold of X(Q) then each of
soles of the dog is considered contact with each of the sole
electrodes 8. Then, the routine proceeds via “YES” branch
of step S36 to step S37 where the measured impedance value
is stored in the memory unit 26. Then, at step S40 a check
is done to determine whether the timer reaches “t=5 (sec)”
or not. If the answer is “NO”, the routine returns to step S35
where the measurement of impedance is started again.
However, if the answer is “YES”, the routine proceeds to
step S41 where the average of the impedance values stored
in the memory unit 26 is calculated and it is stored in the
memory unit 26 again. Then, the routine returns to the main
flow chart of FIG. 4.

[0094] 1If the measured impedance value is less than X(€2)
in step S36, that is to say, if any of the soles of the dog is not
contact with the sole electrodes 8 then the routine proceeds
via “NO” branch of step S36 to step S38 where the counter
is incremented by one (j=j+1) and the data of impedance
value stored in the memory unit 26 for this second imped-
ance measurement process is deleted. Then, at step S39 a
check is made to determine whether the counter reaches the
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upper limit of j=m. If the answer is “NO” the routine return
to step S34 where the timer is set to “t=0" again and the
measurement of impedance is started again. However, if the
answer is “YES” the routine returns to the main flow chart
of FIG. 4.

[0095] In the second impedance measurement process, as
described above, the impedance value can be get only if the
measurement of impedance could stably be done for a period
of t=5 (sec).

[0096] As described above, at step S3, the girth of chest
that has been measured with some measuring tool in
advance is numerically entered through the operation unit 9.
However, the present invention is not limited to such con-
figuration. For example, a measuring tool with an automatic
distance measuring encoder may be included in the front
limb auxiliary supports 3, and after the animal is fixed, the
measuring tool with the encoder may be extended from the
front limb auxiliary supports 3 to wrap around the chest
portion of the animal, thereby automatically measuring the
girth of chest portion, which is then stored in the memory
unit 26.

[0097] The girth of chest is defined as the girth of body
measured at the position of roots of front limbs. However,
the girth of body at any position within the range of trunk
portion of the animal may be used so far as the specific
position is determined as the place where the measurement
is always done, including regression formula.

[0098] As described above, in the first impedance mea-
surement process the animal is fixed in position in such
manner that the animal lies on one’s belly on the platform 2
and the front and rear limb auxiliary supports 3 and 4 while
floating the four limbs of the animal in the air. Furthermore,
a fixing belt may additionally be provided on at least one of
the platform 2 and the front and rear limb auxiliary supports
3, 4 at the side wall thereof. The corresponding lock member
for locking the fixing belt may also be provided at opposite
side wall. Then, during the time the animal is fixed the fixing
belt is run to wrap around the back of the animal and is
locked by the lock member to reliably catch and hold the
animal in position.

[0099] As also described above, in the second impedance
measurement process the animal is measured in such con-
dition that the soles of four limbs of the animal are contact
with the sole electrodes 8a, 8b, 8¢ and 84, respectively.
Furthermore, some additional auxiliary tool may be pro-
vided for preventing the sole of the animal from contacting
with other sole electrode than its associated sole electrode.
For example, a partition board may be provided between
adjacent electrodes in order not to move the limb of the
animal to other electrode. Alternatively, a hollow cylinder
movable only in an area of each electrode may be provided
so that each limb of the animal is inserted into each cylinder
to make sure that each sole of the animal is contact with its
associated electrode.

[0100] In the embodiment, as described above, a dog is
described as being an animal under test. However, even for
other animals each having four limbs the present invention
is similarly applicable to derive the body fat rate of the
animal in such manner that the switching is made between
the first impedance measurement, the second impedance
measurement, and the calculation of body fat based on
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morphological measurement, depending on which one is
suitable, and that the body fat calculation formulae for the
first and second impedance measurement and the morpho-
logical measurement are stored in the memory unit 26 for
each of animals. For example, in case where measurement of
a horse is performed the first impedance measurement
process is considered suitable. Because of hooves of the
soles of the horse the second impedance measurement
process can’t be performed. Even if the first impedance
measurement can’t be performed due to any effect of body
hair it is still possible to perform the calculation of body fat
based on morphological measurement. In such case the
measuring device of the present invention may be config-
ured to have no set of sole electrodes 8 provided therein for
the second impedance measurement process. In such manner
it is generally possible to provide at least one of the set of
trunk portion electrodes 5 and the set of sole electrodes 8 to
suit the animal under test.

Description of Second Embodiments

[0101] Abody fat measuring device according to a second
embodiment of the present invention is configured in such
manner that if a person under test who is a child can’t behave
to rest for a fixed time period or may move apart from the
electrodes, or if there is less possibility to conduct stable
impedance measurement, then switching is made to enter
such mode that calculation of body fat rate is performed
based on morphological measurement.

[0102] Now, the body fat measuring device according to
the second embodiment will be described in more detail with
reference to FIGS. 8 to 10. In particular, FIG. 8 is an
external view of the body fat measuring device according to
the second embodiment; FIG. 9 is an electrical block
diagram of the measuring device; and FIG. 10 is a flow chart
illustrating operation of the measuring device.

[0103] The body fat measuring device 100 in FIG. 8 has
the same external appearance as that of a common body fat
measuring apparatus in the prior art. In particular, the device
100 includes a body weight measuring platform 101 and a
set of impedance measurement electrodes 102 provided on
the platform 101. The set of electrodes 102 consists of
current applying electrodes 102a and 1025 as well as voltage
measurement electrodes 102¢ and 102d. An operation unit
103 and a display unit 104 are also provided on the platform
101.

[0104] Next, internal components in the measuring device
100 will be described in more detail with reference to the
electrical block diagram of FIG. 9. The set of impedance
measurement electrodes 102 is connected to a switching unit
111 having a grounding connection. The switching unit 111
is connected to a current applying unit 105 and a voltage
measurement unit 106. Furthermore, the switching unit 111,
the current applying unit 105 and the voltage measurement
unit 106 are all connected to a controller unit 107.

[0105] The switching unit 111 is provided to switch
between the set of impedance measurement electrodes 102
and the ground point so that the current applying unit 105
and the voltage measurement unit 106 are connected to
either one of them.

[0106] Also connected to the controller unit 107 are: an
arithmetic unit 108 for calculating the body fat rate using the
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impedance value or morphological measurement value; and
a memory unit 109 for storing the body fat rate calculation
formulae and the result of measurement.

[0107] In addition, the weight measuring unit 101, the
operation unit 103 and the display unit 104, as described
above, are also connected to the controller unit 107, together
with a power supply 110.

[0108] Now, operation of the body fat measuring device
100 according to the second embodiment will be described
in more detail with reference to FIG. 10. First of all, the
operation unit 103 is operated to turn ON the power supply
of the device. Then, at step S101 an initial setting is
performed and a message is displayed on the display unit
104 for prompting a person under test to enter the personal
data such as sex, age, girth of chest and height of the person.
It is preferable that the girth of chest and the height are
measured in advance, and are entered according to the
instruction by the message.

[0109] In the initial setting the switching unit 111 is
switched under the control of the controller unit 107 to such
position that the current applying unit 105 and the voltage
measurement unit 106 are connected to the set of impedance
measurement electrodes 102. In particular, the current
applying unit 105 is connected to the current applying
electrodes 102a and 102b, and the voltage measurement unit
106 is connected to the voltage measurement electrodes
102¢ and 1024.

[0110] Then, at step S102 confirmation of the data items is
performed, and if it is desired to correct some data item, the
operation unit 103 is used to operate a cursor on the display
unit 104 for selecting and correcting that data item. How-
ever, if there is no data item to be corrected then a mea-
surement start switch on the operation unit 103 is depressed
to start the measurement.

[0111] Next, at step S103, in response to start of the
measurement, the person under test mounts on the body fat
measuring device 100 to measure the body weight, which is
stored in the memory unit 109. At step S104 a timer provided
in the controller 107 for setting the time period of impedance
measurement is set to “t=0 (sec)”. At step S105 the timer is
started concurrently with the start of impedance measure-
ment. At step S106 a check is made to determine whether the
measurement of impedance has stably been done, or whether
the soles of the person under test have been kept contact with
the set of impedance measurement electrodes 102.

[0112] That is to say, if the measured impedance value is
not less than the experimentally determined threshold of
Y(Q) then each of soles of the person is considered contact
with each of the set of impedance measurement electrodes
102. Then, the routine proceeds via “YES” branch of step
S106 to step S107 where the measured impedance value is
stored in the memory unit 109. Then, at step 108 a check is
made to determine whether the timer reaches “t=5 (sec)”. If
it does not reach the routine proceeds via “NO” branch of
step S108 to step S105 where the measurement of imped-
ance is started again.

[0113] However, if the timer reaches “t=5 (sec)” the rou-
tine proceeds via “YES” branch of step S108 to step S109
where an average for impedance values stored in the
memory unit 109 is calculated in the arithmetic unit 108 and
it is stored in the memory unit 109. Then, at step S110 the
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body fat rate is calculated using the well known regression
formula retrieved from the memory 109 for calculating the
body fat rate based on sex, age, height, body weight and
impedance value. Thereafter, at step S11/ the result of
measurement is displayed on the display unit 104 and is
stored in the memory unit 109.

[0114] If the measurement impedance value is less than
the threshold at step S106 then it is considered that the soles
of the person under test is separated from any of the set of
impedance measurement electrodes 102. The routine pro-
ceeds via “NO” branch of the step S106 to step S112 where
the switching unit 111 is switched under the control of the
controller unit 107 to such position that the current applying
unit 105 and the voltage measurement unit 106 are con-
nected to ground, thereby entering the mode wherein the
body fat rate is calculated based on morphological measure-
ment value. In particular, the regression formula which is
resulted from correlation between sex, age, height, body
weight and girth of chest of the person, and the body fat rate
provided by “DEXA” measurement in advance is retrieved
from the memory unit 109 for calculating the body fat rate.
For example, the regression formula is written as follows:

Body Fat Rate(%)=vSex+ExAge+tx(Girth of Chest/
Height)+uxBody Weight+¢

[0115]

[0116] Finally, at step S111 the result of calculation is
displayed and stored, and after confirmation, the power
switch on the operation unit 103 is turned OFF to terminate
the measurement.

where v, &, T, v and ¢ are constant.

What is claimed is:
1. A body fat measuring device for measuring body fat of
an animal, comprising:

an individual information input unit;

a bioelectric impedance input unit;

a morphological measurement value input unit;
an impedance-based calculation unit;

a morphological measurement value-based calculation
unit; and

a calculation switching unit, wherein

said individual information input unit enters the indi-
vidual information of the animal,

said bioelectric impedance input unit measures and enters
the bioelectric impedance of the animal,

said morphological measurement value input unit enters
the morphological measurement values for the girth of
body and the length of body of the animal,

said impedance-based calculation unit calculates the body
fat rate based on the bioelectric impedance,

said morphological measurement value-based calculation
unit calculates the body fat rate based on the morpho-
logical measurement values for the girth of body and
the length of body of the animal, and

said calculation switching unit checks to determine
whether the resulting bioelectric impedance is proper or
not and then automatically switches between said
impedance-based calculation unit and said morphologi-
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cal measurement value-based calculation unit depend-
ing on the result of determination.

2. A body fat measuring device according to claim 1 in
which said bioelectric impedance input unit includes at least
one of a set of trunk portion electrodes and a set of sole
electrodes, wherein said set of trunk portion electrodes is
contact with the trunk portion and said set of sole electrodes
is contact with the soles of limbs of the animal.

3. A body fat measuring device according to claim 2 in
which said bioelectric impedance input unit includes both a
set of trunk portion electrodes and a set of sole electrodes,
wherein said set of trunk portion electrodes is contact with
the trunk portion and said set of sole electrodes is contact
with the soles of limbs of the animal, and said bioelectric
impedance input unit further includes a electrode switching
unit to automatically switch between said set of trunk
portion electrodes and said set of sole electrodes.

4. Abody fat measuring device according to claim 2 or 3
in which said bioelectric impedance input unit further
includes an auxiliary unit by which each of soles of four
limbs of the animal is likely to make contact with each of the
associated sole electrodes.

5. A body fat measuring device according to claim 1 in
which it further comprises a base, a platform disposed on the
base, on which the animal lies on one’s belly while floating
the four limbs of the animal in the air, and a front limb
auxiliary support and a rear limb auxiliary support both of
which are drawn from the platform to such positions that
they become contact to the roots of the front and rear limbs
of the animal for supporting the trunk portion thereof,

said bioelectric impedance input unit includes a set of
trunk portion electrodes provided at both end portions

Jun. 9, 2005

of the front limb auxiliary support and the rear limb
auxiliary support for making contact with the trunk
portion of the animal, and a set of sole electrodes
provided on the base for making contact with soles of
four limbs of the animal, and

the device further comprises a switching unit which acts
to automatically switch between the set of trunk portion
electrodes and the set of sole electrodes.

6. A body fat measuring device according to claim 5 in
which the platform is supported on a height-adjustable lift
unit provided on the base.

7. Abody fat measuring device according to claim 5 or 6
in which said morphological measurement value input unit
includes an operation unit provided on the base.

8. A body fat measuring device according to claim 5 or 6
in which said morphological measurement value input unit
includes a distance-between-limbs measurement unit which
measures the distance between front and rear limbs, i.e. the
body length of the animal, based on the distance over which
the front limb auxiliary support and the rear limb auxiliary
support are moved relative to the platform.

9. Abody fat measuring device according to claim 5 or 6
in which said morphological measurement value input unit
includes a weight measuring unit provided on the base.

10. A body fat measuring device according to claim 5 or
6 in which said morphological measurement value input unit
includes a measuring tool with an automatic distance mea-
suring encoder included in the front limb auxiliary supports
for measuring girth of the animal.



