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THERMOMETER, ELECTRONIC DEVICE
HAVING A THERMOMETER, AND METHOD FOR
MEASURING BODY TEMPERATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application Nos. 2004-267885, 2004-328594, 2005-
001155, 2005-098145, and 2005-181232. The entire disclo-
sure of Japanese Patent Application Nos. 2004-267885,
2004-328594, 2005-001155, 2005-098145, and 2005-
181232 is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to a ther-
mometer. More specifically, the present invention relates to
a thermometer for measuring body temperature, an elec-
tronic device having a thermometer, and a method for
measuring body temperature.

[0004]

[0005] Methods for measuring the temperature of the body
surface of a thermal insulating material in contact with a
body surface and the temperature of the outside air and
calculating the temperature of a deep area have been pro-
posed as methods for measuring the body temperature of
humans and other organisms such a method is shown in
Japanese Laid-Open Patent Application No. 61-120026,
especially on page 3. Japanese Laid-Open Patent Applica-
tion No. 61-120026 is hereby incorporated by reference.

[0006] In this measurement method, the depth from the
body surface to a deep area where the core temperature can
be obtained is assumed to be 2 cm, the thermal conductivity
is assumed to be 1x107> cal/em-sec.” C. using the thermal
conductivity of muscle, and the heat resistance of the skin is
calculated. The value of this heat resistance, the heat resis-
tance of the thermal insulating material, and the temperature
of the outside air are then used to calculate the temperature
of a deep area corresponding to the measured temperature of
the body surface. In such a measurement method, electric
power is consumed because there is no need for heaters or
other such conventional heating devices that have been
needed to cancel out the heat flow conducted from the
organism to the thermometer.

[0007] However, organisms have various physiques. As in
the case of humans, from infants to adults to the elderly, the
conditions of developed muscles are largely different. There-
fore, the heat transfer characteristics of various organisms
are markedly different depending on their various body
types, and heat resistance from the body surface to the deep
areas fluctuate considerably. Therefore, in a body tempera-
ture measurement method in which the heat resistance is
constant, there are differences between the measured and the
actual body temperature due to the differences in body type.
Also, problems occur in that the heat resistance of the
thermal insulating material fluctuates when clothing or bed-
ding or the like is in contact with the outer side of the
thermal insulating material, and thus, making it impossible
to obtain highly precise measurements.

2. Background Information

[0008] In view of the above, it will be apparent to those
skilled in the art from this disclosure that there exists a need

Mar. 16, 2006

for an improved a thermometer for measuring body tem-
perature, an electronic device having a thermometer, and a
method for measuring body temperature. This invention
addresses this need in the art as well as other needs, which
will become apparent to those skilled in the art from this
disclosure.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
thermometer that can measure temperature with high preci-
sion regardless of fluctuations in heat transfer characteristics
resulting from differences in the body types of organisms or
from contact with clothing or bedding, and to provide an
electronic device having a thermometer, as well as a method
for measuring body temperature.

[0010] According to a first aspect of the present invention,
a thermometer has a first temperature measuring device, a
second temperature measuring device. A heat flux adjusting
device and a deep-area temperature calculating device. The
first temperature measuring device is configured to be
capable of contact with a first body surface of an organism.
The first temperature measuring device is provided with a
first base temperature measuring unit to measure a first base
temperature from the first body surface at a first base
temperature measuring position having a first heat resis-
tance, and a first heat flux measuring unit to measure a first
heat flux at the first base temperature measuring position.
The second temperature measuring device is configured to
be capable of contact with a second body surface at a
different position from the first body surface. The second
temperature measuring device is provided with a second
base temperature measuring unit to measure a second base
temperature from the second body surface at a second base
temperature measuring position having a second heat resis-
tance having an unknown ratio to the first heat resistance,
and a second heat flux measuring unit to measure a second
heat flux at the second base temperature measuring position.
The heat flux adjusting device to sets the first heat flux and
the second heat flux at different values. The deep-area
temperature calculating device is configured to calculate the
temperature of a deep area in the organism using the ratios
of the first and second base temperatures, the first and
second heat flux, and the first and second heat resistance.

[0011] According to this aspect of the present invention,
the first base temperature and the first heat flux at the
measurement position thereof and second base temperature
and the second heat flux at the measurement position thereof
are measured by the first temperature measuring device and
the second temperature measuring device configured at
different body surfaces. At this time, the heat flux of the first
temperature measuring device and the heat flux of the
second temperature measuring device have different values
depending on the heat flux adjusting device. Therefore, a
relationship of different temperatures and heat resistance is
obtained with the first temperature measuring device and the
second temperature measuring device.

[0012] Further, the ratio between the first heat resistance
from the first body surface to the first base temperature
measuring position, and the second heat resistance from the
second body surface to the second base temperature mea-
suring position is known. In other words, even if the heat
resistance of the area that extends from the deep area of the
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organism to the body surface and the heat resistance from
the surface of the organism to the base temperature mea-
suring position are unknown, these values are eliminated
from the calculation of the relationship between the two
different temperatures and the heat resistance, and the tem-
perature of the deep area of the organism is calculated.
Therefore, there is no need to measure the temperature of the
deep area with a known thermometer or the like.

[0013] Furthermore, there is no need to assume that the
heat resistance of the area that extends from the deep area of
the organism to the body surface is a fixed value, and the
temperature of the deep areca can thereby be accurately
calculated from the body-surface temperature of the organ-
ism even if the heat transfer characteristics differ due to
differences in the body type.

[0014] The term “deep area of the organism” refers to a
region where there are fewer changes in temperature and a
more stable temperature distribution than the temperature of
the body surface; for example, the center of the body.
Therefore, the temperature of the deep area is meant as the
core temperature, for example. The term “core temperature”
refers to a temperature in a homoiothermic animal that is
unaffected by changes in heat dissipation in the environment
that affects circulatory regulation or the organism exterior,
and ideally refers to the average temperature in the core area.
This also applies to the inventions hereinbelow.

[0015] A thermometer according to a second aspect of the
present invention is the thermometer of the first aspect,
wherein it is preferable that the first temperature measuring
device have a first reference temperature measuring unit to
measure the temperature of a first reference temperature
measuring position where the heat resistance from the first
body surface is different from the first heat resistance as a
first reference temperature. Further, it is also preferable that
the second temperature measuring device have a second
reference temperature measuring unit to measure the tem-
perature of a second reference temperature measuring posi-
tion where the heat resistance from the second body surface
is different from the second heat resistance, as a second
reference temperature. It is also preferable that the first heat
flux measuring unit calculate the first heat flux on the basis
of the first base temperature, the first reference temperature,
and the heat resistance between the first base temperature
measuring position and the first reference temperature mea-
suring position. It is also preferable that the second heat flux
measuring unit calculate the second heat flux on the basis of
the second base temperature, the second reference tempera-
ture, and the heat resistance between the second base tem-
perature measuring position and the second reference tem-
perature measuring position. It is also preferable that the
ratio of the heat resistance between the first base temperature
measuring position and the first reference temperature mea-
suring position, and the heat resistance between the second
base temperature measuring position and the second refer-
ence temperature measuring position be known.

[0016] According to the invention of the second aspect,
the first heat flux and the second heat flux are obtained by
measuring the first and second reference temperatures in
addition to the first and second base temperatures, and using
the heat resistance between the base temperatures and the
reference temperatures. If the ratio of the heat resistance
between the first base temperature measuring position and
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the first reference temperature measuring position, and the
heat resistance between the second base temperature mea-
suring position and the second reference temperature mea-
suring position is known, then the temperature of the deep
area of the organism is calculated from the two relationships
between temperature and heat resistance obtained by the first
temperature measuring device and the second temperature
measuring device. Therefore, the temperature of the deep
area of the organism is measured using only temperatures
that are measured relatively easily. Also, the handling of the
thermometer is improved by simplifying the base tempera-
ture measuring operation.

[0017] A thermometer according to a third aspect of the
present invention is the thermometer according to the second
aspect, wherein it is preferable that thermal insulating mate-
rials having common heat resistance be disposed between
the first base temperature measuring position and the first
reference temperature measuring position, and between the
second base temperature measuring position and the second
reference temperature measuring position. It is also prefer-
able that the heat flux adjusting device have a first thermal
insulating material disposed between the first reference
temperature measuring position and the outside air, a second
thermal insulating material disposed between the second
reference temperature measuring position and the outside
air, and be provided with a different heat resistance from the
heat resistance of the first thermal insulating material.

[0018] According to the third aspect of the present inven-
tion, thermal insulating materials having common heat resis-
tance are disposed between the first base temperature mea-
suring position and the first reference temperature measuring
position, and between the second base temperature measur-
ing position and the second reference temperature measuring
position. Therefore, using the same thermal insulating mate-
rials results in having the same thickness and simplifies the
structure.

[0019] Also, according to such a configuration, even when
the heat resistance between the reference temperature mea-
suring positions and the outside air changes due to contact
with clothing or bedding or the like, the heat resistance
between the base temperature measuring position and the
standard temperature measuring position are constant and
common, and only the temperature difference between the
base temperature and the reference temperature changes.
Therefore, the temperature of the deep area of the organism
is still calculated from only the measured temperature, and
the temperature of the deep area is calculated accurately.

[0020] A thermometer according to a fourth aspect of the
present invention is the thermometer according to the second
aspect, wherein it is preferable that the heat flux adjustment
device have a first thermal insulating material disposed
between the first base temperature measuring position and
the first reference temperature measuring position, and a
second thermal insulating material disposed between the
second base temperature measuring position and the second
reference temperature measuring position. The first thermal
insulating material and the second thermal insulating mate-
rial have a common thermal conductivity and cross section,
and the thickness of the first thermal insulating material and
the thickness of the second thermal insulating material are
different values. According to this aspect of the present
invention, the heat fluxes in the first temperature measuring
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device and the second temperature measuring device are
adjusted by varying the heat resistance between the first
thermal insulating material provided between the first base
temperature measuring position and the first reference tem-
perature measuring position, and the second thermal insu-
lating material provided between the second base tempera-
ture measuring position and the second reference
temperature measuring position. Therefore, the heat flux
adjusting device is configured from a first thermal insulating
material and a second thermal insulating material and does
not need to be provided to other positions, which simplifies
the structure. Also, since the first thermal insulating material
and the second thermal insulating material differ only in
thickness, the thickness ratio corresponds to the ratio of the
heat resistance between the first base temperature measuring
position and the first reference temperature measuring posi-
tion, and the heat resistance between the second base tem-
perature measuring position and the second reference tem-
perature measuring position. Therefore, the temperature of
the deep area of the organism is calculated using the
thickness ratio.

[0021] A thermometer according to a fifth aspect of the
present invention is the thermometer according to any one of
the second to fourth aspects, wherein it is preferable that the
first heat resistance and the second heat resistance be the
same values and that the following formula be stored in the
deep-area temperature calculating device as the mathemati-
cal formula to calculate the temperature T, of the deep
area

_ {Tb3-(Tb1 - Th2) — a- Th1- (T3 - Th))
core {(Thi = Th2) — a- (Tb3 - Th4)}

[0022] T, is a first base temperature, Ty, is a first refer-
ence temperature, Ty 5 is a second base temperature, T, , is a
second reference temperature, and o is the ratio of the heat
resistance between the first base temperature measuring
position and the first reference temperature measuring posi-
tion, and the heat resistance between the second base tem-
perature measuring position and the second reference tem-
perature measuring position.

[0023] According to this aspect of the present invention,
since an appropriate arithmetic formula is stored in the
deep-area temperature calculating device, measuring the
first base temperature T,,, the first reference temperature
T,,, the second base temperature T,;, and the second
reference temperature T,, and substituting the measured
values into the arithmetic formula will allow the temperature
T..,. of the deep area to be calculated. Therefore, there is no
need to calculate the heat resistance of the area that extends
from the deep area of the organism to the body surface from
these measured values, and the calculation is simplified. The
calculation process is thereby accelerated and the respon-
siveness of the thermometer is thereby improved.

[0024] A thermometer according to a sixth aspect of the
present invention has a first temperature measuring device,
asecond temperature measuring device, a heat flux adjusting
device, a temperature distribution calculating device, and a
deep-area temperature calculating device. The first tempera-
ture measuring device is configured to be capable of contact
with a first body surface of an organism, and is configured
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from a plurality of measuring units capable of measuring the
temperature at positions having mutually different heat
resistances from the first body surface. The second tempera-
ture measuring device is configured to be capable of contact
with a second body surface at a different position from the
first body surface, and is configured from a plurality of
measuring units capable of measuring the temperature at
positions having mutually different heat resistances from the
second body surface. The heat flux adjusting device sets the
heat flux of the first temperature measuring device and the
heat flux of the second temperature measuring device at
different values. The temperature distribution calculating
device calculates a first temperature distribution from a
curve approximation using the temperatures determined by
the measuring units of the first temperature measuring
device and the heat resistances in the measuring units.
Further, the temperature distribution calculating device cal-
culates a second temperature distribution from a curve
approximation using the temperatures determined by the
measuring units of the second temperature measuring device
and the heat resistances in the measuring units. The deep-
area temperature calculating device is configured to calcu-
late the temperature of a deep area in the organism from the
first temperature distribution and the second temperature
distribution.

[0025] According to this aspect of the present invention,
the temperature measuring device has a first temperature
measuring device and a second temperature measuring
device, and the temperature distribution calculating device
calculates the temperature distributions in the first and
second temperature measuring devices using the tempera-
tures determined by the measuring units of the first and
second temperature measuring devices and the heat resis-
tances in the measuring units. The deep-arca temperature
calculating device calculates the temperature of the deep
area using these two temperature distributions.

[0026] The heat flux of the first temperature measuring
device and the heat flux of the second temperature measur-
ing device have different values due to the heat flux mea-
suring device, and different temperature distributions are
obtained. Since the temperature of the deep area is calcu-
lated from these two temperature distributions, there is no
need to measure the temperature of the deep area with a
known thermometer. Therefore, the base temperature mea-
suring procedure is simplified, and the handling of the
thermometer is improved.

[0027] Athermometer according to a seventh aspect of the
present invention is the thermometer according to the sixth
aspect, wherein it is preferable that the temperature distri-
bution calculating device be configured to calculate the
temperature distributions by polynomial approximations.

[0028] According to this aspect of the present invention,
since the temperature distributions are calculated by poly-
nomial approximations, it is possible to calculate accurately
the temperature of the deep area with a simple arithmetic
formula.

[0029] A thermometer according to an eighth aspect of the
present invention is the thermometer according to the sixth
or seventh aspect, wherein it is preferable that at least one of
the measuring units come into contact with the body surface
of the organism and measure the temperature of the body
surface.
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[0030] According to this aspect of the present invention,
since at least one of the measuring units comes into contact
with the body surface, the temperature can be measured
more accurately.

[0031] A thermometer according to a ninth aspect of the
present invention is the thermometer according to any one of
the first to eigth aspect, wherein it is preferable that the
thermometer include a display device having a display unit
to display the temperature of the deep area calculated by the
deep-area temperature calculating device, and a thermom-
eter main body having a first temperature measuring device
and a second temperature measuring device, wherein the
display device and the thermometer main body are config-
ured as separate units.

[0032] According to this aspect of the present invention,
since the display device and the thermometer main body are
configured as separate units, weight reduction is facilitated
in the thermometer main body that has first and second
temperature measuring devices and must come into contact
with the body surface of the organism. Therefore, no strain
is generate when the thermometer main body is in contact
with the body surface of the organism for a long period of
time, and it is possible to monitor continuously the body
temperature over a long period of time.

[0033] A thermometer according to a tenth aspect of the
present invention is the thermometer according to the ninth
aspect, wherein it is preferable that the deep-area tempera-
ture calculating device be provided to the display device.

[0034] According to this aspect of the present invention,
since the deep-area temperature calculating device is pro-
vided to the display device, the structural components in the
thermometer main body can be reduced to a minimum.
Therefore, weight and size reductions are facilitated in the
thermometer main body, and the load is even further reduced
when the thermometer main body is in contact with the body
surface of the organism even when the temperature is
measured over a long period of time.

[0035] A thermometer according to an eleventh aspect of
the present invention is the thermometer according to the
ninth or tenth aspect, wherein it is preferable that the display
device and the thermometer main body both include trans-
ceiver devices capable of exchanging information with each
other by wireless communication.

[0036] According to this aspect of the present invention,
since the display device and the thermometer main body
both include transceiver devices and are configured to be
capable of wireless communication with each other, it is
possible for the display device to be placed a certain distance
from the thermometer main body. Since the display device
is not wired to the thermometer main body, the thermometer
main body can be completely separated from the display
device, and therefore weight reduction in the thermometer
main body is further facilitated and the handling of the
thermometer is improved.

[0037] For the transceiver devices, it is preferable to use
wireless communication technology with low power con-
sumption and low manufacturing costs, communication that
uses faint radio waves, or specific low-power communica-
tion. This also applies to the following aspect of the present
invention.
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[0038] A thermometer according to a twelvth aspect of the
present invention has a base temperature measuring unit, a
heat flux measuring unit, a heat resistance calculating
device, a storage device, and a deep-area temperature cal-
culating device. The base temperature measuring unit to
measure the base temperature from the body surface of an
organism at a specific base temperature measuring position.
The heat flux measuring unit to measure the heat flux at the
base temperature measuring position. The heat resistance
calculating device calculates the surface-layer heat resis-
tance from the deep area in the organism to the base
temperature measuring position, based on a for-calculation
deep-area temperature of a deep area in the organism mea-
sured at the same time as a for-calculation base temperature
measured by the base temperature measuring unit and a
for-calculation heat flux measured by the heat flux measur-
ing unit. The surface heat resistance calculated by the heat
resistance calculating device is stored in the storage device.
The deep-area temperature calculating device calculates the
temperature of the deep area using the base temperature
measured by the base temperature measuring unit, the heat
flux measured by the heat flux measuring unit, and the
surface-layer heat resistance stored in the storage device
during body temperature measurement.

[0039] According to this aspect of the present invention,
when the for-calculation base temperature and the heat flux
are measured at a specific base temperature measuring
position from the body surface of the organism, the heat
resistance calculating device calculates the surface-layer
heat resistance from the deep area of the organism to the
base temperature measuring position from the temperature,
the for-calculation deep-area temperature of the deep area of
the organism, and the heat flux. This surface-layer heat
resistance is stored in the storage device, whereby the
preparations are made to measure the base temperature.
When the body temperature is actually measured, the deep-
area temperature calculating device calculates the tempera-
ture of the deep area of the organism from the base tem-
perature and the heat flux using the surface-layer heat
resistance calculated by the heat resistance calculating
device and stored in the storage device.

[0040] Since the base temperature and the heat flux are
measured by the heat resistance calculating device, and the
surface-layer heat resistance is calculated based on these
measurements, the heat resistance of the area that extends
from the deep area to the base temperature measuring
position for each organism is calculated. In other words,
since the heat resistance particular to the organism is used by
the deep-area temperature calculating device, the tempera-
ture of the deep area of the organism is calculated more
accurately. The temperature of the deep area is thereby
calculated accurately from the base temperature even when
the heat transfer characteristics differ due to differences in
the body type.

[0041] Another possibility is for the for-calculation deep-
area temperature to be measured by a known thermometer
that measures the underarm temperature or oral temperature,
for example, and for the base temperature value thereof to be
acquired as a for-calculation deep-area temperature. This
also applies to the following aspect of the present inventions.

[0042] A thermometer according to a thirteenth aspect of
the present invention is the thermometer according to the
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twelfth aspect, wherein it is preferable that the heat flux
measuring unit have a reference temperature measuring unit
to measure, as a reference temperature, the temperature at
the reference temperature measuring position that is differ-
ent from the base temperature measuring position, wherein
the heat resistance between the base temperature measuring
position is known, and the heat flux value is measured based
on the base temperature, the reference temperature, and the
known heat resistance.

[0043] According to this aspect of the present invention,
when the for-calculation base temperature and the for-
calculation reference temperature are measured at a specific
base temperature measuring position from the body surface
of the organism, the heat resistance calculating device
calculates the surface-layer heat resistance from the deep
area of the organism to the base temperature measuring
position from these temperatures, the for-calculation deep-
area temperature of the deep area of the organism, and the
known heat resistance from the base temperature measuring
position to the reference temperature measuring position.
This surface-layer heat resistance is stored in the storage
device, whereby preparations are made to measure the base
temperature. When the body temperature is actually mea-
sured, the deep-area temperature calculating device calcu-
lates the temperature of the deep area of the organism from
the base temperature, the reference temperature, and the
known heat resistance using the surface-layer heat resistance
calculated by the heat resistance calculating device and
stored in the storage device.

[0044] Since the base temperature and the reference tem-
perature of the organism are measured by the heat resistance
calculating device in a state in which the device is in contact
with the body surface of the organism, and the surface-layer
heat resistance is calculated based on these temperatures, the
heat resistance of the area that extends from the deep area to
the base temperature measuring position for each organism
is calculated. In other words, since the heat resistance
particular to the organism is used by the deep-area tempera-
ture calculating device, the temperature of the deep area of
the organism is calculated more accurately. The temperature
of the deep area is thereby calculated accurately from the
base temperature even when the heat transfer characteristics
differ due to differences in the body type. Rather, since the
deep-area temperature calculating device calculates the tem-
perature of the deep area on the basis of the base temperature
and the reference temperature, the body temperature mea-
suring operation is simplified because the base temperature
and the reference temperature are best measured when the
body temperature is actually measured. The handling of the
thermometer is thereby improved.

[0045] A thermometer according to a fourteenth aspect of
the present invention has a temperature measuring device, a
temperature distribution calculating device, a deep-area tem-
perature calculating device, a heat resistance calculating
device, and a storage device. The temperature measuring
device is configured to be capable of contact with a body
surface of an organism. Further, the temperature measuring
dvice is configured from a plurality of measuring units
capable of measuring the temperature at positions having
mutually different heat resistances from the body surface.
The temperature distribution calculating device calculates
the relationship between heat resistance and temperature as
a temperature distribution from a curve approximation using
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the plurality of heat resistances and the temperature deter-
mined by the temperature measuring device. The deep-area
temperature calculating device calculates the temperature of
a deep area in the organism using the temperature distribu-
tion obtained by the temperature distribution calculating
device. The heat resistance calculating device calculates the
surface heat resistance from the deep area in the organism to
a measuring unit nearest to the body surface by performing
a curve approximation using the temperature determined by
the temperature measuring device, the heat resistance, and
the for-calculation deep-area temperature of the deep area in
the organism that is measured at the same time as the
temperature. The surface heat resistance calculated by the
heat resistance calculating device is stored in the storage
device. Further, the deep-area temperature calculating
device is configured to calculate the temperature of the deep
area of the organism using the temperature calculated by the
temperature distribution calculating device and the surface
heat resistance stored in the storage device.

[0046] According to this invention, the temperature in a
plurality of measuring units is measured by the temperature
measuring device. Since the heat resistances from the body
surface to the measuring devices differ, the temperature data
in the plurality of measured points with different heat
resistances are acquired from among temperature distribu-
tions all the way from the deep area of the organism to the
body surface, and then from the body surface through the
thermometer to the outside air. The temperature distribution
calculating device calculates the relationship between heat
resistance and temperature from the deep area of the organ-
ism to the body surface by performing curve approximation
on the basis of these multiple pieces of temperature data. The
deep-area temperature calculating device calculates the tem-
perature of the deep area of the organism using the tem-
perature distributions.

[0047] Since the relationship between heat resistance and
temperature specific to the organism is calculated by the
temperature distribution calculating device from the mul-
tiple pieces of temperature data, the temperature of the deep
area of the organism is calculated with consideration for the
heat resistance of the area that extends from the deep area to
the body surface specific to the organism. The temperature
of the deep area is calculated from actual measured values
and set heat resistances, and there is therefore no need to
assume that the heat resistance of the area that extends from
the deep area of the organism to the body surface is a fixed
value. Thus, the temperature of the deep area is accurately
calculated from the body-surface temperature of the organ-
ism even if the heat transfer characteristics differ due to
differences in the body type.

[0048] Also, since the temperature distribution calculating
device calculates the temperature distribution by curve
approximation from the temperatures measured in a plurality
of measuring units, the temperature distribution is more
accurate than when the relationship between heat resistance
and temperature is calculated by collinear approximation
from two measuring points, for example. In other words, the
relationship of temperature to the heat resistance from a
human body or another such organism to the body surface is
nonlinear even in a steady state, and errors therefore occur
in the actual temperature distribution when a collinear
approximation is used from measured data at two points, for
example. In this aspect of the present invention, since
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multiple pieces of temperature data are acquired and a curve
approximation is used, it is possible to calculate a tempera-
ture distribution nearer to the actual temperature distribu-
tion, and the temperature of the deep area of the organism is
therefore more accurately calculated by the deep-area tem-
perature calculating device.

[0049] The heat resistance calculating device calculates
the surface-layer heat resistance from the deep area of the
organism to the body surface by curve approximation using
the multiple temperatures determined by the temperature
measuring device, the heat resistance, and the for-calcula-
tion deep-area temperature in the deep area of the organism.
This surface-layer heat resistance is stored in the storage
device, whereby preparations are made to measure body
temperature. When the body temperature is actually mea-
sured, the deep-area temperature calculating device calcu-
lates the temperature of the deep area of the organism from
the temperature distribution calculated by the temperature
distribution calculating device using the surface-layer heat
resistance calculated by the heat resistance calculating
device and stored in the storage device.

[0050] Since the temperatures in a plurality of measuring
units are measured by the temperature measuring device,
and the surface-layer heat resistance is calculated by the heat
resistance calculating device while the device is in contact
with the body surface of the organism on the basis of these
temperatures, the heat resistance of the area that extends
from the deep area to the base temperature measuring
position for each organism is calculated. In other words,
since the heat resistance particular to the organism is used by
the deep-area temperature calculating device, the tempera-
ture of the deep area of the organism is calculated more
accurately. The temperature of the deep area is thereby
calculated accurately from the body-surface temperature of
the organism even when the heat transfer characteristics
differ due to differences in the body type.

[0051] A thermometer according to a fifteenth aspect of
the present invention is the thermometer according to the
fourteenth aspect, wherein it is preferable that the tempera-
ture distribution calculating device be configured to calcu-
late the temperature distribution by polynomial approxima-
tion.

[0052] According to this aspect of the present invention,
since the temperature distribution is calculated by polyno-
mial approximation, it is possible to calculate accurately the
temperature of a deep area with a simple arithmetic formula.

[0053] A thermometer according to a sixteenth aspect of
the present invention is the thermometer according to the
fifteenth aspect, wherein it is preferable that at least one of
the measuring units come into contact with the body surface
of the organism and measure the temperature of the body
surface.

[0054] According to this aspect of the present invention,
since at least one of the measuring units comes into contact
with the body surface, a more accurate temperature mea-
surement is made possible.

[0055] A thermometer according to a seventeenth aspect
of the present invention is the thermometer of any one of the
twelfth to sixteenth aspect aspect, wherein it is preferable
that the thermometer include a display device having a
display unit to display the temperature of the deep area
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calculated by the deep-area temperature calculating device,
and a thermometer main body having the first temperature
measuring device and the second temperature measuring
device. Further, the display device and the thermometer
main body are configured as separate units.

[0056] According to this aspect of the present invention,
since the display device and the thermometer main body are
configured as separate units, weight reduction is facilitated
in the thermometer main body having the base temperature
measuring unit and the heat flux measuring unit that must be
in contact with the body surface of the organism. Therefore,
no strain is generated when the thermometer main body is in
contact with the body surface of the organism for a long
period of time, and it is possible to monitor continuously the
body temperature over a long period of time.

[0057] A thermometer according to a eighteenth aspect of
the present invention is the thermometer of the seventeenth
aspect, wherein it is preferable that the heat resistance
calculating device and the deep-area temperature calculating
device be provided to the display device.

[0058] According to this aspect of the present invention,
since the heat resistance calculating device and the deep-
area temperature calculating device are provided to the
display device, the structural components of the thermom-
eter main body are reduced to a minimum. Therefore, weight
and size reductions of the thermometer main body are
facilitated, and the load is further reduced during long term
measurement when the thermometer main body is in contact
with the body surface of the organism.

[0059] A thermometer according to a nineteenth aspect of
the present invention is the thermometer of the eighteenth
aspect, wherein preferable that the display device and the
thermometer main body both include transceiver devices
capable of exchanging information with each other by
wireless communication.

[0060] According to this aspect of the present invention,
since the display device and the thermometer main body
both include transceiver devices and are configured to be
capable of wireless communication with each other, it is
possible for the display device to be placed a certain distance
from the thermometer main body. Since the display device
is not wired to the thermometer main body, the thermometer
main body can be completely separated from the display
device, and therefore weight reduction in the thermometer
main body is further facilitated and the handling of the
thermometer is improved.

[0061] A thermometer according to a twemtieth aspect of
the present invention is the thermometer of the nineteenth
aspect, wherein it is preferable that the transceiver devices
be configured to be capable of receiving information about
the for-calculation deep-area temperature measured by a
known thermometer.

[0062] According to this aspect of the present invention,
since the transceiver devices are configured to be capable of
receiving the for-calculation deep-area temperature, there is
no need for the operator to input manually the for-calcula-
tion deep-area temperature measured by a known thermom-
eter, and the body temperature measuring operation is sim-
plified. Also, since the transceiver devices for sending and
receiving information between the thermometer main body
and the display device are used to receive information about
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the for-calculation deep-area temperature, the original con-
figuration of the transceiver devices can be put to other uses,
and the configuration of the thermometer is simplified.

[0063] Athermometer according to a twenty-first aspect of
the present invention is the thermometer of any one of the
twelfth to twentieth aspect, wherein it is preferable that the
storage device be configured to be capable of storing the
surface heat resistance for multiple organisms.

[0064] According to this aspect of the present invention,
since the storage device is configured to be capable of
storing the surface heat resistance for multiple organisms,
the body temperature can be measured by reading out the
surface-layer heat resistance according to the organism even
when the organism has changed, and therefore there is no
need to calculate the surface-layer heat resistance again, and
the measuring operation is simplified. Also, since the sur-
face-layer heat resistance is stored for multiple organisms,
the thermometer can be used multiple times, and the han-
dling of the thermometer is simplified.

[0065] The storage device preferably can store the mea-
surement positions of the for-calculation base temperature
and the for-calculation reference temperature for each sur-
face-layer heat resistance. The values of the surface-layer
heat resistance differ depending on the measurement posi-
tions of the for-calculation base temperature and the for-
calculation reference temperature. Therefore, as a result of
configuring the storage device to be capable of storing these
measurement positions, the thermometer can be disposed at
the same measurement position, and an accurate body tem-
perature measurement is made possible when the thermom-
eter is used repeatedly.

[0066] A thermometer according to a twenty-second
aspect of the present invention is the thermometer of any one
of the first to twenty-first aspect, wherein it is preferable that
the thermometer main body be configured to be capable of
being attached to the body surface of an organism.

[0067] According to this aspect of the present invention,
since the thermometer main body is configured to be capable
of being attached to the body surface of an organism, there
is no need to hold the thermometer for a fixed period of time,
as is the case with conventional oral or underarm measure-
ment, and therefore the operability and portability of the
thermometer are improved. For example, when the ther-
mometer is used with an infant or a toddler, it is difficult to
maintain satisfactory contact between the thermometer and
the body surface for a fixed period of time. In such cases,
since the thermometer is configured to be capable of being
attached to the body surface, the state of contact between the
body surface and the thermometer can be satisfactorily
maintained even if the infant or toddler moves, and an
accurate temperature measurement is made possible.

[0068] An electronic device according to twenty-third
aspect of the present invention has any of the thermometers
previously described.

[0069] Tt is possible to provide an electronic device in
which the previously described effects can be realized.

[0070] A temperature measuring method according to a
twenty-fourth aspect of the present invention to measure the
body temperature in a deep area of an organism has: a first
temperature measuring step to measure a first base tempera-

Mar. 16, 2006

ture at a first base temperature measuring position having a
first heat resistance from a first body surface of the organ-
ism; a first heat flux measuring step to measure a first heat
flux at the first base temperature measuring position; a
second temperature measuring step to measure a second
base temperature at a second base temperature measuring
position having a second heat resistance whose ratio to the
first heat resistance is known from a second body surface
that is different from the first body surface; a second heat
flux measuring step to measure a second heat flux at the
second base temperature measuring position; and a deep-
area temperature calculating step configured to calculate the
temperature of a deep area in the organism using the ratios
of the first and second base temperatures, the first and
second heat fluxes, and the first and second heat resistance.

[0071] According to this aspect of the present invention,
when the first base temperature, the first heat flux, the second
base temperature, and the second heat flux are obtained in
the first temperature measuring step, the second temperature
measuring step, the first heat flux measuring step, and the
second heat flux measuring step, then the temperature of the
deep area of the organism is calculated based on these
measured values in the deep-area temperature calculating
step.

[0072] Since the ratio between the first heat resistance and
the second heat resistance is known, these heat resistances
are eliminated from the calculation, and the temperature of
the deep area of the organism is calculated using the first
base temperature, the first heat flux, the second base tem-
perature, and the second heat flux. In other words, since the
temperature of the deep area of the organism is calculated
using only the measured values of multiple base tempera-
tures and heat fluxes regardless of the changes in the heat
resistance due to clothing or bedding, it is possible to
measure the body temperature of the deep area with more
precision. Also, since the temperature of the deep area is
calculated from the actual measured values, it is possible to
calculate the temperature of the deep area corresponding to
the heat transfer characteristics of the organism without
assuming that the heat resistance of the area that extends
from the deep area of the organism to the body surface is a
fixed value, and to measure the body temperature of the deep
area with more precision.

[0073] A method of measuring body temperature accord-
ing to a twenty-fifth aspect of the present invention is the
method of the twenty-fourth aspect, wherein it is preferable
that in the first heat flux measuring step, the temperature at
a first reference temperature measuring position, where the
heat resistance from the first body surface is different from
the first heat resistance, is measured as the first reference
temperature, and the first heat flux is calculated based on the
first base temperature, the first reference temperature, and
the heat flux value between the first base temperature
measuring position and the first reference temperature mea-
suring position. Further, in the second heat flux measuring
step, the temperature at a second reference temperature
measuring position, where the heat resistance from the
second body surface is different from the second heat
resistance, is measured as the second reference temperature,
and the second heat flux is calculated based on the second
base temperature, the second reference temperature, and the
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heat flux value between the second base temperature mea-
suring position and the second reference temperature mea-
suring position.

[0074] According to this aspect of the present invention,
when the when the first base temperature, the first reference
temperature, the second base temperature, and the second
reference temperature are obtained in the first heat flux
measuring step and the second heat flux measuring step, the
temperature of the deep area of the organism is calculated
based on these measured values in the deep-area temperature
calculating step.

[0075] The temperature of the deep area of the organism
is calculated based on the first base temperature, the first
reference temperature, the second base temperature, the
second reference temperature, the heat resistance between
the first base temperature measuring position and the first
reference temperature measuring position, and the heat
resistance between the second base temperature measuring
position and the second reference temperature measuring
position. In other words, since the temperature of the deep
area of the organism is calculated using the measured values
of multiple body-surface temperatures and reference tem-
peratures, it is possible to measure the body temperature of
the deep area with more precision with a simple method of
temperature measurement.

[0076] A method for measuring body temperature accord-
ing to a twenty-sixth aspect of the present invention is the
method according to the twenty-fourth or twenty-fifth
aspect, wherein it is preferable that the first heat resistance
and the second heat resistance have the same value, and the
temperature T_ . of the deep area is calculated in the
deep-area temperature calculating step by the following
formula:

_ATB3-(Tbi = Th2) = @ Thi - (Tb3 - Tb4)}
core ™ {(Th1=Tb2) — a- (Th3 — Thd)}

[0077] T,, is a first base temperature, Ty, is a first refer-
ence temperature, T, 5 is a second base temperature, T, , is a
second reference temperature, and o is the ratio of the heat
resistance between the first base temperature measuring
position and the first reference temperature measuring posi-
tion, and the heat resistance between the second base tem-
perature measuring position and the second reference tem-
perature measuring position.

[0078] According to this aspect of the present invention,
since the temperature of a deep area of an organism is
calculated in the deep-area temperature calculating step
from the first base temperature T,,, the first reference
temperature T,,, the second base temperature Tb,, and the
second reference temperature Ty ,, when these temperatures
are measured, the temperature of the deep area can be
calculated by substituting these measured values directly
into the arithmetic formula. Therefore, there is no need to
calculate the heat resistance of the area that extends from the
deep area of the organism to the body surface from these
measured values, and the calculation is simplified. The
calculation process is thereby accelerated and the respon-
siveness of the thermometer is thereby improved.

[0079] A method for measuring body temperature accord-
ing to twenty-seventh aspect of the present invention has: a
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body temperature measuring preparatory step to calculate
and to store the surface-layer heat resistance from a deep
area in the organism to a base temperature measuring
position; and a body temperature measuring step to calculate
the temperature of the deep area using the surface heat
resistance calculated in the body temperature measuring
preparatory step. Further, wherein the body temperature
measuring preparatory step has: a base temperature measur-
ing step to measure the for-calculation base temperature of
the organism; a heat flux measuring step to measure the
for-calculation heat flux at the base temperature measuring
position; a heat resistance calculating step to calculate the
surface heat resistance from the deep area in the organism to
the base temperature measuring position on the basis of the
for-calculation deep-area temperature of the deep area in the
organism measured at the same time as the for-calculation
base temperature and the for-calculation heat flux; and a
storage step to store the surface heat resistance calculated in
the heat resistance calculation step. Moreover, the body
temperature measuring step has a base temperature measur-
ing step to measure the base temperature, a heat flux
measuring step to measure the heat flux, and a deep-area
temperature calculating step to calculate the temperature of
the deep area on the basis of the base temperature, the heat
flux, and the surface heat resistance stored in the storage
step.

[0080] According to this aspect of the present invention,
since the temperature of a deep area of an organism is
measured using the previously described thermometer, the
same effects as those of the previously described thermom-
eter are achieved. In other words, since the surface-layer
heat resistance is calculated in the heat resistance calculating
step using the for-calculation base temperature and the
for-calculation reference temperature of the organism
obtained in the calculation temperature measuring step, it is
possible to calculate heat resistances specific to the organ-
ism. Therefore, it is possible to calculate the temperature of
the deep area corresponding to the heat transfer character-
istics of the organism, and the body temperature of the deep
area can be measured with more precision.

[0081] Also, in the body temperature measuring prepara-
tory step, if the surface-layer heat resistance is calculated
and stored in advance, the temperature of the deep area is
calculated using the stored surface-layer heat resistance in
the body temperature measuring step, and therefore the body
temperature measuring preparatory step can be omitted
when measuring the body temperature a second time and all
subsequent times. Therefore, the body temperature measur-
ing operation is simplified, and the body temperature mea-
suring time is shortened.

[0082] A method of measuring body temperature accord-
ing to a twenty-eighth aspect of the present invention is the
method of the twenty-seventh aspect, wherein it is preferable
that in the heat flux measuring step, the temperature at a
reference temperature measuring position, which is different
than the base temperature measuring position and has a
known heat resistance with respect to the base temperature
measuring position, be measured as a reference temperature,
and the heat flux value be calculated based on the base
temperature, the reference temperature, and the known heat
resistance.
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[0083] According to this aspect of the present invention,
the heat flux is measured with a simple method of tempera-
ture measurement.

[0084] A method to measure body temperature in a deep
area of an organism according to a twenty-ninth aspect of the
present invention has: a temperature measuring step to
measure the temperatures at positions having mutually dif-
ferent heat resistances from the body surface of the organ-
ism; a temperature distribution calculating step to calculate
the relationship between heat resistance and temperature as
a temperature distribution by curve approximation using the
multiple heat resistances and a plurality of temperatures
measured in the temperature measuring step; and a deep-
area temperature calculating step to calculate the tempera-
ture in a deep area of the organism using the temperature
distribution calculated in the temperature distribution cal-
culating step.

[0085] According to this aspect of the present invention,
the temperature in a plurality of measuring units is measured
by the temperature measuring step. Since the heat resis-
tances from the body surface to the measuring devices differ,
the temperature data in the plurality of measured points with
different heat resistances are acquired from among tempera-
ture distributions all the way from the deep area of the
organism to the body surface, and then from the body
surface through the thermometer to the outside air. The
temperature distribution calculating step calculates the rela-
tionship between heat resistance and temperature from the
deep area of the organism to the body surface by performing
curve approximation on the basis of these multiple pieces of
temperature data. The deep-area temperature calculating
step then calculates the temperature of the deep area of the
organism using this temperature distribution.

[0086] Since the relationship between heat resistance and
temperature specific to the organism is calculated in the
temperature distribution calculating step from the multiple
pieces of temperature data, the temperature of the deep area
of the organism is calculated with consideration for the heat
resistance of the area that extends from the deep area to the
body surface specific to the organism. The temperature of
the deep area is calculated from actual measured values and
a set heat resistance, and there is therefore no need to assume
that the heat resistance of the area that extends from the deep
area of the organism to the body surface is a fixed value,
whereby the temperature of the deep area is accurately
calculated from the body-surface temperature of the organ-
ism even if the heat transfer characteristics differ due to
differences in the body type.

[0087] Also, since the temperature distribution calculating
step calculates the temperature distribution by curve
approximation from the temperatures measured in the plu-
rality of measuring units, the temperature distribution is
more accurate than when the relationship between heat
resistance and temperature is calculated by collinear
approximation from two measuring points, for example. In
other words, the relationship of the temperature to the heat
resistance from a human body or another such organism to
the body surface is nonlinear even in a steady state, and
therefore errors occur in the actual temperature distribution
when collinear approximation is used from measured data at
two points, for example. In this invention, since multiple
pieces of temperature data are acquired and curve approxi-
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mation is used, it is possible to calculate a temperature
distribution nearer to the actual temperature distribution, and
therefore the temperature of the deep area of the organism is
more accurately calculated in the deep-area temperature
calculating step.

[0088] The deep-area temperature calculating device, the
temperature distribution calculating device, and the heat
resistance calculating device may be implemented using an
IC or other such hardware, or they may be implemented by
providing the thermometer with a computer and executing a
thermometer control program in the computer.

[0089] Specifically, the thermometer control program
allows the computer provided to the thermometers to func-
tion as the deep-area temperature calculating device, the
temperature distribution calculating device, or the heat resis-
tance calculating device.

[0090] Also, the thermometer control program may be
installed on the thermometer via a wireless or wired network
or a computer-readable recording medium on which the
thermometer control program is recorded.

[0091] With the thermometer, the electronic device having
a thermometer, and the method for measuring body tem-
perature according to the present invention, the body tem-
perature in a deep area is calculated in an organism by using
the measured values of temperatures from the body surface
to positions having common heat resistance. It is therefore
possible to measure the body temperature in deep areas with
better precision regardless of the differences in heat transfer
characteristics due to the body type of the organism or due
to contact with clothing or bedding.

[0092] These and other objects, features, aspects, and
advantages of the present invention will become apparent to
those skilled in the art from the following detailed descrip-
tion, which, taken in conjunction with the annexed draw-
ings, discloses a preferred embodiment of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] Referring now to the attached drawings which form
a part of this original disclosure:

[0094] FIG. 1 is a view of a block diagram showing a
thermometer according to a first preferred embodiment of
the present invention;

[0095] FIG.2 is a view of a diagram showing a main body
of the thermometer of the first embodiment;

[0096] FIG. 3 is a view of a diagram showing the ther-
mometer main body and a display device of the thermometer
of the first embodiment;

[0097] FIG. 4 is a view of a diagram showing a tempera-
ture distribution model of the thermometer and an organism
of the first embodiment;

[0098] FIG. 5 is a view of a flowchart showing the
operation of the thermometer of the first embodiment;

[0099] FIG. 6 is a view of a block diagram showing a
thermometer according to a second preferred embodiment of
the present invention;

[0100] FIG.7 is a view of a diagram showing a main body
of the thermometer of the second embodiment;
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[0101] FIG. 8 is a view of a diagram showing the ther-
mometer main body and a display device of the thermometer
of the second embodiment;

[0102] FIG. 9 is a view of a diagram showing a tempera-
ture distribution model of the thermometer and an organism
of the second embodiment;

[0103] FIG. 10 is a view of a flowchart depicting the
operation of the thermometer of the second embodiment;

[0104] FIG. 11 is a view of a block diagram showing a
thermometer according to a third preferred embodiment of
the present invention;

[0105] FIG. 12 is a view of a block diagram showing a
thermometer according to a fourth preferred embodiment of
the present invention;

[0106] FIG. 13 is a view of a diagram showing the
thermometer of the fourth embodiment;

[0107] FIG. 14 is a view of a diagram showing a tem-
perature distribution model of the thermometer and an
organism of the fourth embodiment;

[0108] FIG. 15 is a view of a diagram showing a ther-
mometer main body according to a fifth preferred embodi-
ment of the present invention,

[0109] FIG. 16 is a view of a block diagram showing a
thermometer according to a sixth preferred embodiment of
the present invention;

[0110] FIG. 17 is a view of a diagram showing a main
body of the thermometer of the sixth embodiment,

[0111] FIG. 18 is a view of a diagram showing a main
body and a display device of the thermometer of the sixth
embodiment;

[0112] FIG. 19 is a view of a diagram showing a tem-
perature distribution model of the thermometer and an
organism of the sixth embodiment;

[0113] FIG. 20 is a view of a flowchart depicting an
operation of the thermometer of the sixth embodiment;

[0114] FIG. 21 is a view of a flowchart depicting another
operation of the thermometer of the sixth embodiment;

[0115] FIG. 22 is a view of a block diagram showing a
thermometer according to a seventh preferred embodiment
of the present invention;

[0116] FIG. 23 is a view of a diagram showing a main
body of the thermometer of the seventh embodiment;

[0117] FIG. 24 is a view of a diagram showing the main
body and a display device of the thermometer of the seventh
embodiment;

[0118] FIG. 25 is a view of a diagram showing the results
of simulating the temperature distribution of the body tem-
perature in the seventh embodiment;

[0119] FIG. 26 is a view of a diagram showing a tem-
perature distribution model of the thermometer and an
organism of the seventh embodiment;

[0120] FIG. 27 is a view of a flowchart depicting an
operation of the thermometer of the seventh embodiment;
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[0121] FIG. 28 is a view of a flowchart depicting another
operation of the thermometer of the seventh embodiment;

[0122] FIG. 29 is a view of a block diagram showing a
thermometer according to a first modification;

[0123] FIG. 30 is a view of a block diagram showing a
thermometer according to a second modification; and

[0124] FIG. 31 is a view of a block diagram showing a
thermometer according to a third modification.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0125] Selected embodiments of the present invention will
now be explained with reference to the drawings. It will be
apparent to those skilled in the art from this disclosure that
the following descriptions of the embodiments of the present
invention are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

[0126] The first embodiment of the present invention is
described hereinbelow with reference to the diagrams. In the
second and subsequent embodiments described below, iden-
tical components and components having the same functions
as the structural components in the first embodiment
described below are denoted by the same symbols.

[0127] FIG. 1 shows a block diagram of a thermometer 1
according to the present embodiment. This thermometer 1
includes a thermometer main body 3 that comes into contact
with a body surface 2A (see FIG. 3) of a human body 2 (see
FIG. 3) as the organism, and a display device 4 provided
separately from the thermometer main body 3.

[0128] FIG. 2 shows an enlarged view of the thermometer
main body 3 mounted on the human body 2, and FIG. 3
shows a drawing of the thermometer main body 3 and the
display device 4 in the mounted state.

[0129] First, as shown in FIG. 2, the thermometer main
body 3 includes two (a pair of) temperature measuring
devices 3A and 3B as first and second temperature measur-
ing devices. The temperature measuring device 3A includes
a thermal insulating material 37 having a contact surface
300A that comes into contact with the body surface 2A of the
human body 2, and, as a heat flux adjusting device, a thermal
insulating material 38A as a first thermal insulating material
provided between the thermal insulating material 37 and the
outside air. The temperature measuring device 3B includes
a thermal insulating material 37 having a contact surface
300B that comes into contact with the body surface 2A at a
different position from the contact position of the tempera-
ture measuring device 3A, and, as a heat flux adjusting
device, a thermal insulating material 38B as a second
thermal insulating material between the thermal insulating
material 37 and the outside air. Specifically, the thermal
insulating materials 37 are preferably the same for both the
temperature measuring device 3A and the temperature mea-
suring device 3B, and have the same heat resistance.

[0130] The temperature measuring device 3A includes a
body-surface sensor 31A as a first base temperature mea-
suring unit to measure the temperature of the body surface
2A as a first base temperature, and an intermediate sensor
32A as a first reference temperature measuring unit to
measure the temperature of the interface 301A between the
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thermal insulating material 37 and the thermal insulating
material 38A as a first reference temperature.

[0131] Also, the temperature measuring device 3B
includes a body-surface sensor 31B as a second base tem-
perature measuring unit to measure the temperature of the
body surface 2A as a second base temperature, and an
intermediate sensor 32B as a second reference temperature
measuring unit to measure the temperature of the interface
301B between the thermal insulating material 37 and the
thermal insulating material 38B as a second reference tem-
perature.

[0132] The thermometer main body 3 composed of these
temperature measuring devices 3A and 3B is configured so
that the contact surfaces 300A and 300B can both be
attached to the human body 2 by an adhesive or the like, and
can be attached to the body surface 2A with a satisfactory
amount of contact pressure with this adhesive. In the present
embodiment, the thermometer main body 3 is attached to the
chest of an infant (human body 2).

[0133] It is preferable that the adhered position of the
thermometer main body 3 be attached to the forehead, the
back of the neck, the chest, the back or another such location
where the body-surface temperature can be measured in a
relatively stable manner. Also, the thermometer main body
3 may be in contact with bedding even if clothing is worn
over the thermometer main body 3. Furthermore, the thermal
insulating materials 37, 38A, and 38B are preferably large
enough so that when the temperature measuring devices 3A
and 3B are attached to the body surface 2A, the heat flux
from the inside of the human body 2 through the body
surface 2A and the thermal insulating materials 37, 38A, and
388 to the surface can be approximated to be constant in a
stationary state. In other words, the dimensions of the
thermal insulating materials 37, 38 A, and 38B are preferably
selected so that when the movement of heat is balanced, this
movement can be ignored in a direction substantially
orthogonal to the direction joining the inside of the human
body 2 with the position of the body surface 2A where the
temperature measuring devices 3A and 3B are attached, that
is, in the direction along the body surface 2A. The move-
ment of heat from the inside of the human body 2 to the body
surface 2A can be considered to be uniaxial, and the heat flux
can be approximated to be moving in one direction.

[0134] The temperature measuring device 3A and the
temperature measuring device 3B are disposed at a specific
distance L from each other. The specific distance L is
preferably set to a specific value or greater so that the
movement of heat from the inside of the human body 2 to the
body surface 2A can be considered to be uniaxial, that is, so
that the movement of heat in the direction along the body
surface 2A between the temperature measuring devices 3A
and 3B can be ignored.

[0135] Also, the thermal insulating material 37 is provided
separately from the portion of the temperature measuring
device 3A and the portion of the temperature measuring
device 3B, and may be entirely separated from the tempera-
ture measuring device 3A and the temperature measuring
device 3B.

[0136] Furthermore, the thermal insulating material 38A
of the temperature measuring device 3A and the thermal
insulating material 38B of the temperature measuring device
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3B are configured from different materials, and thereby the
heat resistance value of the thermal insulating material 38A
and the heat resistance value of the thermal insulating
material 38B are set to different values. Therefore, the heat
flux of the temperature measuring device 3A and the heat
flux of the temperature measuring device 3B are different
values.

[0137] The body-surface sensors 31A and 31B and the
intermediate sensors 32A and 32B can be designed to
convert the temperature of the body surface 2A and the
temperatures of the interfaces 301A and 301B to resistance,
or to convert the temperature to voltage. Chip thermistors,
flexible printed boards on which thermistor patterns are
printed, or platinum resistance thermometer bulbs can be
used to convert temperature to resistance. Thermocouple
elements, PN bonding elements, or diodes can be used to
convert temperature to voltage.

[0138] Also, as shown in FIG. 1, the temperature mea-
suring devices 3A and 3B respectively include A/D convert-
ers 34A and 34B, and transceiver devices 35A and 35B in
addition to the body-surface sensors 31A and 31B and the
intermediate sensors 32A and 32B. Since the temperature
measuring devices 3A and 3B are formed integrally, it is
possible to incorporate the A/D converters 34A and 34B as
shared A/D converters, and the transceiver devices 35A and
35B as shared transceiver devices.

[0139] The A/D converters 34A and 34B convert analog
signals of the resistance values or voltage values converted
by the body-surface sensors 31A and 31B and the interme-
diate sensors 32A and 32B into digital signals, and output
the signals to the transceiver devices 35A and 35B. RF
converters that utilize CR oscillation may also be used
instead of the A/D converters 34A and 34B.

[0140] The transceiver devices 35A and 35B respectively
include antenna coils 36A and 36B. The signals of the
temperature values (resistance values or voltage values)
converted to digital signals by the A/D converters 34A and
34B are transmitted by radio waves to the display device 4.
The antenna coils 36A and 36B can also be common antenna
coils.

[0141] The display device 4 is configured to be portable in
wristwatch style, and is designed so that the operator 5
holding the infant can attach the thermometer main body 3
to the infant, as shown in FIG. 3. As shown in FIG. 1, the
display device 4 includes a transceiver device 41 to
exchange signals with the thermometer main body 3, a
display unit 42 to display the results of measuring the body
temperature, an operating unit 43 to operate the display
device 4 from the exterior, a control device 44 to control the
operation of the display device 4, and a storage unit 45 to
store information obtained from the transceiver device 41
and the control device 44.

[0142] The transceiver device 41 includes an antenna coil
46 and exchanges radio waves with the antenna coils 36 A
and 36B of the thermometer main body 3. The antenna coil
46 generates electromotive force in the antenna coils 36A
and 36B through electromagnetic induction by transmitting
radio waves to the antenna coils 36 A and 36B, and charges
the temperature measuring devices 3A and 3B. Therefore,
the thermometer main body 3 is driven by this electromotive
force, and there is no need for an internal battery or other
such power source.
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[0143] The display unit 42 displays temperature informa-
tion and an operating screen shot on a liquid crystal screen
or the like, and is capable of displaying the measured
body-surface temperature or the calculated temperature of
deep areas, for example. In the present embodiment, the
display unit 42 is provided in a portion corresponding to a
regular dial plate in a wristwatch, and the display unit 42 is
visible when the operator § has strapped the display device
4 to the wrist.

[0144] The operating unit 43 is configured so that infor-
mation can be input from the exterior to the display device
4 by buttons, levers, keys, or the like, and is also configured,
for example, so that a menu can be selected according to the
screen displayed on the display unit 42 and that the name
and age of the person to be measured (the infant in the
present embodiment), the date and time of the body tem-
perature measurement, and other such information can be
input.

[0145] The control device 44 includes a deep-area tem-
perature calculating device 441 that calculates the tempera-
ture of deep areas in the human body 2 on the basis of a first
body-surface temperature and a second body-surface tem-
perature from the body-surface sensors 31A and 31B, and a
first intermediate temperature and a second intermediate
temperature from the intermediate sensors 32A and 32B.

[0146] The decp-area temperature calculating device 441
calculates the temperature T, of deep areas in the human
body 2 using the first body-surface temperature (first base
temperature) Ty, obtained by the body-surface sensor 31A,
the first intermediate temperature (first reference tempera-
ture) T,, obtained by the intermediate sensor 32A, the
second body-surface temperature (second base temperature)
T, ; obtained by the body-surface sensor 31B, and the second
intermediate temperature (second reference temperature)
T obtained by the intermediate sensor 32B.

[0147] FIG. 4 shows a model of the temperature distri-
bution from the deep areas in the human body 2 to the
outside air through the body surface 2A and the thermometer
main body 3. Temperature distribution models of the tem-
perature measuring device 3A and the temperature measur-
ing device 3B are shown by the solid line (temperature
measuring device 3A) and the single dashed line (tempera-
ture measuring device 3B). The vertical axis is the tempera-
ture (T) and the horizontal axis is the heat resistance (R). If
the relationship between the temperature (T) and the heat
resistance (R) is linear, then the slope expresses the heat flux
Q. Since the temperature distribution models of the tem-
perature measuring device 3A and the temperature measur-
ing device 3B exhibit the same behavior, the following
description focuses on the temperature measuring device 3A
shown by the solid line.

[0148] As shown in FIG. 4, in the model of temperature
transmission from a deep area in the human body 2 to the
outside air, the temperature T, . in the deep of the human
body 2 is substantially constant. In the surface layer on the
outer side of the deep area, the body temperature decreases
due to the heat resistance of the skin and to the influence of
the outside-air temperature. In practice, a portion equivalent
to the casing of the thermometer main body 3 may be
included between the body surface 2A and the contact
surface 300A of the temperature measuring device 3A.
Microscopic gaps form, and the temperature therefore
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decreases in the contact heat resistant area due to heat
radiation in these gaps. Accordingly, when the temperature
of the body surface 2A is actually measured by the body-
surface sensor 31A of the temperature measuring device 3A,
the first body-surface temperature Ty ; that has decreased due
to this contact heat resistant area is measured as a result.

[0149] Also, since the heat resistance (heat resistance R )
created by the thermal insulating material 37 exists in the
temperature measuring device 3A as such, a reduction in
temperature also occurs in the temperature measuring device
3A, and the first intermediate temperature T, is established
at the interface 301A of the temperature measuring device
3A. The first intermediate temperature T, is measured by
the intermediate sensor 32A. Furthermore, the temperature
decreases because of the presence of the thermal insulating
material 38A having the heat resistance R, between the
interface 301A of the temperature measuring device 3A and
the outside air, and heat is radiated in the outside-air
temperature contact section (due to the heat resistance Rv of
the contact section). The temperature further decreases and
ultimately reaches the outside-air temperature T, .

[0150] In a steady state, the heat flux Q in all areas is
constant, and therefore the slope of the graph in FIG. 4 is
also constant. At this time, if the first body-surface tempera-
ture T, ; and the first intermediate temperature T,, of the
temperature measuring device 3A are known, the heat flux
Q,, from the surface of the temperature measuring device 3A
on the side of the body-surface sensor 31A to the interface
301A can be calculated from Eq. (1) below by using heat
resistance R .

| _Ibi-10 )
" Ru0

[0151] The heat flux Q,,, in the portion that contains both
the surface layer and the contact heat resistant area, that is,
in the portion from the deep area in the human body 2 to the
body surface 2A (in practice, the portion from the deep area
to the contact surface 300A), is expressed in Eq. (2) below
by using the temperature T, of the deep are in the human
body 2 and the heat resistance R_+R, of the portion from the
deep area in the human body 2 to the body surface 2A.

Teore—Thi 2
Os+t=————
Rs + Rt
[0152] The heat resistance R, of the contact heat resistant

area depends on the properties of the material interposed in
the heat resistant section, such as in a portion equivalent to
the casing of the thermometer main body 3, and also varies
depending on the heat resistance of the thermal insulating
material 37 of the thermometer 1 in contact with the body
surface 2A. The heat resistance is determined by Eq. (3)
below, for example, where Al is the thermal conductivity of
the human body 2, A2 is the thermal conductivity of the
thermometer 1, 81 is the surface roughness of the human
body 2, 82 is the surface roughness of the contact surface
300A of the thermometer 1, P is the pressure applied to the
body surface 2A by the thermometer 1, H is the lesser of the
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two hardness levels of the human body 2 and the thermom-
eter 1, Af is the thermal conductivity of the material between
the body surface 2A and the contact surface 300A, df is the
surface roughness of this material, and ¢ is a constant. Since
the heat resistance R, of the contact heat resistant area thus
varies depending on various conditions, the conditions are
preferably selected in the present embodiment so that the
heat resistance Rt of the contact heat resistant area is
minimized and that gaps do not form between the body
surface 2A and the contact surface 300A. Coating the
contact section between the body surface 2A and the contact
surface 300A with oil, for example, to improve the state of
contact is one possible method of reducing the heat resis-
tance R, of the contact heat resistant area.

1 970x10° P A 108 @)

= . +
A ;0.2 J
Rt '5% + 3 H A +4;  0.25¢(3; +dp) + ¢

[0153] Since the heat flux Q is constant in each area, the
heat flux Q,, in the thermometer main body 3 and the heat
flux Q.. in the portion from the deep area in the human body
2 to the body surface 2A are equal (Q,;=Q,,,). Therefore,
Eq. (1) and Eq. (2) are modified to give Eq. (4), and the
temperature T, of the deep area is determined by Eq. (4).

core

Teore = s+ Rt )
core = -(Th1 -Th2)+ Th1

Ru0
[0154] The heat resistance R +R, in the portion from the

deep area in the human body 2 to the body surface 2A is an
unknown value. In view of this, obtaining the second
body-surface temperature Ty; and the second intermediate
temperature T, , from the body-surface sensor 31B and the
intermediate sensor 32B in the temperature measuring
device 3B in the same manner as in the temperature mea-
suring device 3A allows the temperature T, ,. of the deep
area to be determined as shown by Eq. (5) below.

T _ Rs+Re 5)
core = -(Thb3 - Th4) + TH3

Ruf
[0155] Since the heat resistance R,; of the thermal insu-

lating material 38A and the heat resistance R, of the thermal
insulating material 38B are set to different values, there is a
change in the slope of the temperature (T) in relation to the
heat resistance (R) of the temperature measuring device 3A
and temperature measuring device 3B (see FIG. 4). In other
words, two different relational expressions for the heat
resistance and the temperature are obtained.

[0156] Eliminating the heat resistance (R.+R,)/R,o from
Eq. (4) and Eq. (5) allows the temperature T__, of the deep
area to be determined by Eq. (6) below. Here, the heat
resistance (R +R,) is the same for the temperature measuring
device 3A and the temperature measuring device 3B. There-
fore, when portions equivalent to the casing of the thermom-
eter main body 3 are present between the body-surface
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sensors 31A and 31B and the body surface 2A, these
portions of the casing have the same heat resistance.

_{T03-(Tb! - Tb2) - a- Tb1-(Tb3 - T4)) ©)
ore = T (TbI —Th2) —a - (Tb3— Tbd))

[0157] Therefore, Eq. (6) is stored as an arithmetic for-
mula for the temperature T . of the deep area in the
deep-area temperature calculating device 441.

[0158] The first body-surface temperature T, ;, the second
body-surface temperature T;, the first intermediate tem-
perature T, ,, and the second intermediate temperature T,
sent from the thermometer main body 3 are stored in the
storage unit 45. The temperature T__ . of the deep area in the
human body 2 calculated by the deep-area temperature
calculating device 441 is also stored.

[0159] The storage unit 45 is configured to be capable of
storing temperature information pertaining to multiple
human bodies 2, and the temperature T__ . of the deep areas
and the like are stored for each human body 2. Also, the
storage unit 43 is capable of storing the measurement
positions of the first body-surface temperature T, ;, second
body-surface temperature T, 5, and other parameters mea-
sured when the temperature T, . of a deep area is calcu-
lated. In addition to the temperature information, the storage
unit 45 may also be made to store the name of the person to
be measured (human body 2, infant), his or her age, the date
of the measurement, and other such measurement informa-
tion, for example. In this case, this measurement information
may be input from the operating unit 43.

[0160] The thermometer 1 operates in the following man-
ner. FIG. 5 shows a flowchart depicting the operation of the
thermometer 1 in the present embodiment.

[0161] The thermometer main body 3 is attached to the
human body 2 (the chest of the infant in the present
embodiment), and the operator 5 of the thermometer 1 who
is holding the infant attaches the display device 4 to the arm.
Once the operator 5 turns on the switch of the display device
4 by operating the operating unit 43 of the display device 4,
the transceiver device 41 sends radio waves to the thermom-
eter main body 3 (the temperature measuring device 3A and
temperature measuring device 3B). The thermometer main
body 3 is charged by creating electromotive force in the
antenna coils 36A and 36B with electromagnetic induction
caused by these radio waves (step S1). The thermometer
main body 3 is energized by this electromotive force (step
§2), and the body-surface sensors 31A and 31B and inter-
mediate sensors 32A and 32B are also energized. When
these sensors 31A, 31B, 32A, and 32B are energized, the
thermometer main body 3 sends a standby signal to the
display device 4 from the transceiver devices 35A and 35B
(step S3).

[0162] When the control device 44 of the display device 4
receives this standby signal, a temperature measurement
command signal is sent from the transceiver device 41 (step
S4). The thermometer main body 3 receives this temperature
measurement command signal, drives the body-surface sen-
sors 31A and 31B and the intermediate sensors 32A and
32B, and measures the first body-surface temperature Ty,
and second body-surface temperature Ty, in the body sur-
face 2A, and the first intermediate temperature Ty, and



US 2006/0056487 Al

second intermediate temperature T, , in the interfaces 301A
and 301B (step S5, first temperature measuring step and
second temperature measuring step). The information about
the body-surface temperatures T,, and T, ; and the interme-
diate temperatures Ty, and T, is converted from analog
signals to digital signals by the A/D converters 34A and 34B,
and is sent to the display device 4 by the transceiver devices
35A and 35B. The body-surface temperatures T,; and Ty
and intermediate temperatures Ty, and T,, are preferably
measured after a specific time has passed so that the transfer
of heat from the inside of the human body 2 to the body
surface 2A reaches a steady (equilibrium) state.

[0163] In the deep-area temperature calculating device
441 of the control device 44, the temperature T, . of the
deep area is calculated by Eq. (6) from the body-surface
temperatures Ty ; and T, ; and intermediate temperatures Ty,
and Ty, sent from the thermometer main body 3 (step S6,
deep-area temperature calculating step). The control device
44 stores the temperature T, in the storage unit 45 (step
§7), and displays the temperature T,_,_ on the display unit 42
(step S8). The operator 5 confirms the temperature T, on
the display unit 42 of the wristwatch-type display device 4
while holding the infant.

[0164] The control device 44 counts the passage of time
after the body-surface temperatures Ty, and T, are mea-
sured with an internal timer, and observes whether a specific
time has passed (step S9). If the elapsed time is equal to or
greater than the specific time, the process returns to step S4,
the control device 44 sends a measurement initiation signal
to the thermometer main body 3, and the body-surface
temperatures Ty ; and T, and intermediate temperatures Ty,
and T, , are measured.

[0165] Thus, the body-surface temperatures Ty, and T,
and the intermediate temperatures T, , and T, , are measured,
and the temperature T__, . of the deep area is calculated and
stored in the storage unit 45 at specific time intervals.

[0166] According to the first embodiment, the following

effects are achieved.

[0167] (1) The temperature T_.,. of a deep area in the
human body 2 can be calculated using the deep-area tem-
perature calculating device 441 by obtaining the first body-
surface temperature T, and first intermediate temperature
T, from the temperature measuring device 3A and obtaining
the second body-surface temperature Ty, and the second
intermediate temperature Ty, from the temperature measur-
ing device 3B. The body-surface temperatures Ty, and T, 5
and intermediate temperatures T, and T, in two tempera-
ture distributions (heat fluxes) can be measured by using two
temperature measuring devices 3A and 3B with different
overall heat resistances, and the temperature T__ _ of a deep
area can therefore be calculated from only the actually
measured temperature values. Therefore, the temperature
T__of adeep area can be measured in accordance with the
actual temperature distribution to a greater extent than in the
prior art, in which the heat resistance R, from a deep area in
the human body 2 to the surface layer is assumed to be a
fixed value. As a result, a more accurate temperature T of

a deep area is obtained, and the measuring precision of the
thermometer 1 can be improved.

[0168] Also, the overall heat resistance is varied by
assuming that the heat resistance R, between the body-
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surface temperature measuring position and the intermediate
temperature measuring position is a common value and
varying the heat resistance R,; and R, between the inter-
mediate temperature measuring position and the outside air.
Therefore, the heat resistance R, between the body-surface
temperature measuring position and the intermediate tem-
perature measuring position does not change merely due to
changes in the overall heat resistance even if the clothing or
bedding is in contact with the outer side of the thermometer
main body 3, and the effects of such disturbance on the
measurement can be reduced.

[0169] Furthermore, since the deep-area temperature cal-
culating device 441 can calculate the temperature T, of a
deep area in the human body 2 by utilizing the fact that the
heat flux from the deep area in the human body 2 to the
outside air is constant, the configuration of the thermometer
1 can be simplified because there is no need for a heater or
other such heating device to be used to cancel the heat flow
as in a conventional thermometer. This further facilitates
size reduction of the thermometer 1. Since there is no need
for a conventional heating device, power conservation in the
thermometer 1 can be facilitated, and the safety and handling
of the thermometer 1 can be improved because the ther-
mometer 1 can be safely attached to the body surface 2A for
a long period of time.

[0170] (2) Since the decp-area temperature calculating
device 441 operates by using Eq. (6) as an arithmetic
formula, obtaining the first body-surface temperature T,
the first intermediate temperature T,,, the second body-
surface temperature T, ;, and the second intermediate tem-
perature T,, allows the temperature T__,. of the deep area to
be calculated by directly substituting these values. The heat
resistance R +R, in the portion from the deep area in the
human body 2 to the body surface 2A can be eliminated from
the calculations by measuring the body-surface temperatures
T, and T, ; and the intermediate temperatures T, , and T, , at
two locations. Therefore, there is no need to use the heat
resistance R +R,, the calculation process can be simplified,
and the calculation process can also be accelerated. Accord-
ingly, the responsiveness of the thermometer 1 can be
improved. Also, there is no need to measure the temperature
of the deep area in advance with a known thermometer or the
like.

[0171] (3) Since the thermometer main body 3 is config-
ured to be capable of being integrally attached to the skin of
the human body 2, there is no need to hold the thermometer
1 for a fixed time period in the same way as when measuring
the underarm temperature or oral temperature in conven-
tional practice. Therefore, the handling of the thermometer
main body 3 can be improved. Also, since the thermometer
main body 3 is configured to be capable of being integrally
attached, the thermometer main body 3 provides satisfactory
contact with the skin even if moved slightly when used on
an infant, toddler, or child, and accurate temperature can
therefore be measured. Furthermore, the temperature T, of
a deep area can be measured even when clothing or bedding
is in contact with the thermometer main body 3. Therefore,
the temperature can be measured easily and reliably even
when the operator wishes to observe the continuous change
in temperature over a long period of time.

[0172] Forexample, when a female operator measures her
basal body temperature, there are many restrictions on the
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method for measuring body temperature, such as that the
measurement must be taken in a tranquil state immediately
after waking, which is troublesome for measuring body
temperature. However, if the body temperature is measured
with the thermometer 1 of the present embodiment, the
temperature can be continuously measured while the ther-
mometer 1 is attached to the body surface 2A. Therefore, if
the operator retires while the thermometer main body 3 is
still attached, the basal body temperature can be automati-
cally measured during rest, and the measurement of the basal
body temperature can be already completed when the opera-
tor awakens. Therefore, since the complications with body
temperature measurement can be eliminated, it is possible to
prevent cases in which the user forgets to measure body
temperature at home or prior to traveling, and an accurate
basal body temperature can be reliably measured.

[0173] Also, the thermometer 1 of the present embodiment
can constantly measure the temperature of the human body
2, and is therefore suitable for monitoring changes in the
body temperature of hospital patients, for example.

[0174] (4) Since the thermometer main body 3 and the
display device 4 are configured as separate units and are
capable of communication by way of the transceiver devices
35A, 35B, and 41, the number of components mounted on
the thermometer main body 3 in contact with the human
body 2 can be reduced to a minimum, and size and weight
reduction in the thermometer main body 3 can be facilitated.
Consequently, it is not a burden to leave the thermometer
main body 3 attached for a long period of time, and the
portability of the thermometer main body 3 can therefore be
improved. Also, providing the control device 44 that
includes the deep-area temperature calculating device 441 to
the side of the display device 4 makes it possible to further
facilitate weight and size reduction in the thermometer main
body 3.

[0175] Since the transceiver devices 35A, 35B, and 41 are
configured to be capable of wireless communication by
means of the antenna coils 36A, 36B, and 46, wires or the
like do not cause a hindrance, and the handling of the
thermometer 1 can be improved.

[0176] Furthermore, since the display device 4 is formed
into a wristwatch design, the operator 5 can view the display
unit 42 worn on the arm. Therefore, the display of the body
temperature can be confirmed while holding the infant
whose body temperature is to be measured, as in the present
embodiment, and the operability of the thermometer 1 can
be improved.

[0177] (5) Electromotive force can be created in the
antenna coils 36 A and 36B of the thermometer main body 3
by electromagnetic induction through transmission of radio
waves from the antenna coil 46 of the display device 4. The
thermometer main body 3 is driven by this electromotive
force, and therefore there is no need for a battery or other
such power source in the thermometer main body 3, and
weight and size reduction can be further facilitated in the
thermometer main body 3.

[0178] (6) Since the storage unit 45 can store the tempera-
ture T, of a deep area and other such information for a
plurality of human bodies 2, the thermometer 1 can be
alternately used among multiple people, and the conve-

nience of the thermometer 1 can be improved. The previous
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temperature T, of the deep area of the subject can thereby
be read from the storage unit 45 when the thermometer 1 is
used by multiple people, and the thermometer 1 is therefore
suitable to monitor body temperature over a long period of
time.

[0179] (7) The thermal insulating material 37 between the
body surface 2A and the interfaces 301A and 301B have a
common heat resistance value, and therefore thermal insu-
lating materials of the same material with the same thickness
can be used, and a simple integrated structure can be
employed. Also, the distance L between the temperature
measuring device 3A and the temperature measuring device
3B can be kept fixed, and mounting of the devices can be
simplified.

[0180] As used herein, the following directional terms
“forward, rearward, above, downward, vertical, horizontal,
below, and transverse” as well as any other similar direc-
tional terms refer to those directions of a device equipped
with the present invention. Accordingly, these terms, as
utilized to describe the present invention should be inter-
preted relative to a device equipped with the present inven-
tion.

ALTERNATE EMBODIMENTS

[0181] Alternate embodiments will now be explained. In
view of the similarity between the first and alternate embodi-
ments, the parts of the alternate embodiment that are iden-
tical to the parts of the first embodiment will be given the
same reference numerals as the parts of the first embodi-
ment. Moreover, the descriptions of the parts of the alternate
embodiments that are identical to the parts of the first
embodiment may be omitted for the sake of brevity.

[0182] Hereinbelow, a second preferred embodiment of
the present invention will be described with reference to the
diagrams.

[0183] FIG. 6 shows a block diagram of the thermometer
1 according to the second embodiment of the present inven-
tion. This thermometer 1 includes a thermometer main body
3 that comes into contact with the body surface 2A (see FIG.
8) of the human body 2 (see FIG. 8) as the organism, and
adisplay device 4 provided separately from the thermometer
main body 3.

[0184] FIG. 7 shows an enlarged view of the thermometer
main body 3 mounted on the human body 2, and FIG. 8
shows a diagram of the thermometer main body 3 and
display device 4 in the mounted state.

[0185] First, as shown in FIG. 7, the thermometer main
body 3 includes two (a pair of) temperature measuring
devices 3A and 3B as first and second temperature measur-
ing devices. The temperature measuring device 3A includes
a body-surface sensor 31A, an outer surface 33A, and
thermal insulating material 37A. The body-surface sensor
31A s a first base temperature measuring unit that measures
the temperature of the body surface 2A as the first base
temperature. The sensor 31A has a contact surface 300A that
comes into contact with the body surface 2A. an outer
surface sensor 33A is a first reference temperature measur-
ing unit that measures the temperature of an outer surface
302A as the first reference temperature. The sensor 33A has
an outer surface 302A exposed to the air outside of the
temperature measuring device 3A. The thermal insulating
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material 37A is a first thermal insulating material that is
placed between the body-surface sensor 31A and the outer
surface sensor 33A.

[0186] Also, the temperature measuring device 3B is
provided separately from the temperature measuring device
3A. The temperature measuring device 3B includes a body-
surface sensor 31B, an outer surface sensor 33B, and ther-
mal insulating material 37B. The body-surface sensor 31B is
a second base temperature measuring unit that measures the
temperature of the body surface 2A as the second base
temperature, with the sensor 31B having a contact surface
300B that comes into contact with the body surface 2A at a
different position from the contact position of the tempera-
ture measuring device 3A. The outer surface sensor 33B is
a second reference temperature measuring unit that mea-
sures the temperature of an outer surface 302B as the second
reference temperature, with the sensor 33B having an outer
surface 302B exposed to the air outside of the temperature
measuring device 3B. The thermal insulating material 37B is
a second thermal insulating material placed between the
body-surface sensor 31B and the outer surface sensor 33B.

[0187] The thermal insulating material 37A of the tem-
perature measuring device 3A and the thermal insulating
material 37B of the temperature measuring device 3B are
configured from material with the same thermal conductivity
A and the same cross section. The heat resistance of the
thermal insulating material 37A and the heat resistance of
the thermal insulating material 37B are set to different
values, with the thickness of the respective thermal insulat-
ing materials as d and d'. Therefore, the heat resistance ratio
o is expressed by d/d'. In other words, the thermal insulating
material 37A and thermal insulating material 37B fulfill the
role of devices for adjusting the heat flux by thickness
variations.

[0188] The thermal insulating material 37A and thermal
insulating material 37B may be configured from different
materials from the heat flux adjusting device, in which case
the heat resistances of the thermal insulating materials must
be measured in advance. If the thermal insulating materials
are the same material, as is the case with the present
embodiment, the thickness ratio may be known. Further-
more, if the thermal insulating materials are identical, the
difference in contact heat resistance on the body surface
between the temperature measuring device 3A and the
temperature measuring device 3B is small because the
thermal conductivity A is the same.

[0189] The thermometer main body 3 which is composed
of these temperature measuring devices 3A and 3B, is
attached to the chest of an infant (human body 2), similar to
the first embodiment. The position where the thermometer
main body 3 is attached is preferably on the forehead, the
back of the neck, the chest, the back, or another such area
where the skin temperature on the human body 2 is not
susceptible to the effects of outside air, and the body-surface
temperature can be measured relatively easily. Also, the
thermal insulating materials 37A and 37B are preferably
large enough so that the heat fluxes from the deep area of the
human body 2 through the body surface 2A and thermal
insulating materials 37A and 37B to the outer surfaces 302A
and 302B can be approximated to constant in a stationary
state when the temperature measuring devices 3A and 3B are
attached to the body surface 2A. In other words, the dimen-
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sions of the thermal insulating materials 37A and 37B are
preferably selected so that when the movement of heat is in
a state of equilibrium, it is possible to ignore the movement
of heat in a direction substantially perpendicular to the
direction joining the deep area of the human body 2 to the
position of the body surface 2A to which the temperature
measuring devices 3A and 3B are attached, that is, in the
direction running along the body surface 2A. In this case, the
movement of heat from the deep area of the human body 2
to the body surface 2A can be considered to be uniaxial, and
the heat flux can be approximated to be moving in one
direction.

[0190] The temperature measuring device 3A and the
temperature measuring device 3B are disposed at a specific
distance L from each other, similar to the first embodiment.

[0191] The body-surface sensors 31A and 31B and the
outer surface sensors 33A and 33B can be sensors that
convert the temperature of the body surface 2A or the
temperatures of the outer surfaces 302A and 302B into
resistance, or sensors that convert temperature to voltage.
The sensors described in the first embodiment can be used
to convert temperature to resistance.

[0192] As shown in FIG. 6, the temperature measuring
devices 3A and 3B also include the A/D converters 34A and
34B and the transceiver devices 35A and 35B, in addition to
the body-surface sensors 31A and 31B and the outer surface
sensors 33A and 33B.

[0193] The A/D converters 34A and 34B convert the
analog signals of heat resistance or voltage converted by the
body-surface sensors 31A and 31B and the outer surface
sensors 33A and 33B into digital signals, and output the
digital signals to the transceiver devices 35A and 35B.
Alternatively, an RF encoder that utilizes CR oscillation may
be used instead of the A/D converters 34A and 34B.

[0194] The display device 4 is configured to be portable in
a wristwatch style, and is designed to be attached by the
operator 5 holding the infant on whom the thermometer
main body 3 is to be attached, as shown in FIG. 8. The
display device 4 includes a transceiver device 41 to
exchange signals with the thermometer main body 3, a
display unit 42 to display the results of measuring body
temperature, an operating unit 43 to operate the display
device 4 from the exterior, a control device 44 to control the
operation of the display device 4, and a storage unit 45 to
store information obtained from the transceiver device 41
and the control device 44, as shown in FIG. 6.

[0195] The transceiver devices 35A and 35B, the trans-
ceiver device 41, the display unit 42, and the operating unit
43 are similar to those in the first embodiment, and descrip-
tions thereof are therefore omitted.

[0196] The control device 44 includes a deep-area tem-
perature calculating device 441 that calculates the tempera-
ture of deep areas in the human body 2 on the basis of a first
body-surface temperature (first base temperature) and sec-
ond body-surface temperature (second base temperature)
from the body-surface sensors 31A and 31B, and on the
basis of a first intermediate temperature (first reference
temperature) and second intermediate temperature (second
reference temperature) from the outer surface sensors 33A
and 33B.
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[0197] The deep-area temperature calculating device 441
calculates the temperature T___ of deep areas in the human
body 2 using the first body-surface temperature T, ; obtained
by the body-surface sensor 31A, the first intermediate tem-
perature T, , obtained by the outer surface sensor 33A, the
second body-surface temperature T, ; obtained by the body-
surface sensor 31B, the second intermediate temperature T, ,
obtained by the outer surface sensor 33B, and the ratio o
between the first heat resistance R, of the temperature
measuring device 3A and the second heat resistance R, of
the temperature measuring device 3B.

[0198] FIG. 9 shows a model of the temperature distri-
bution from the deep areas in the human body 2 to the
outside air through the body surface 2A and the thermometer
main body 3. The temperature distribution models for the
temperature measuring device 3A and the temperature mea-
suring device 3B are the same, and therefore only a tem-
perature distribution model for the temperature measuring
device 3A is shown in FIG. 9.

[0199] As shown in FIG. 9, in the model of temperature
transmission from a deep area in the human body 2 to the
outside air, the temperature T__,. in the deep are of the
human body 2 is substantially constant. In the surface layer
on the outer side of the deep area, the body temperature
decreases due to the heat resistance of the skin and to the
influence of the outside-air temperature. In practice, micro-
scopic gaps form between the body surface 2A and the
temperature measuring device 3A, and the temperature
therefore decreases in the contact heat resistant area due to
heat radiation in these gaps. Accordingly, when the tem-
perature of the body surface 2A is actually measured by the
temperature measuring device 3A, the first body-surface
temperature Ty, that has decreased due to this contact heat
resistant area is measured as a result.

[0200] Since heat resistance (first heat resistance R,;)
exists in the temperature measuring device 3A as such, a
reduction in temperature also occurs in the temperature
measuring device 3A, and the first outer-surface temperature
T, is established on the outer surface 302A of the tempera-
ture measuring device 3A. The first outer-surface tempera-
ture Ty, is measured by the outer surface sensor 33A as a
result. Furthermore, because heat is radiated in the outside-
air temperature contact section between the outer surface
302A of the temperature measuring device 3A and the
outside air, the temperature further decreases and ultimately
reaches the outside-air temperature T, .

[0201] The slope of the temperature distribution graph
corresponds to the heat flux Q, wherein the horizontal axis
is heat resistance and the vertical axis is temperature. In a
steady state, the heat flux Q in all areas is constant, and
therefore the slope of the graph in FIG. 9 is also constant.
At this time, if the first body-surface temperature Ty, and the
first outer-surface temperature T, , of the temperature mea-
suring device 3A are known, the heat flux Q,, from the
surface of the temperature measuring device 3A on the
body-surface sensor 31A side to the outer surface 302A can
be calculated from Eq. (7) below by using the first heat
resistance R,;.
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J= Tbi - Tb2 €}
Qui = Rul
[0202] The heat flux Q,,, in the portion that contains both

the surface layer and the contact heat resistant area, that is,
in the portion from the deep area in the human body 2 to the
body surface 2A (in practice, the portion from the deep arca
to the contact surface 300A), is expressed in Eq. (8) below
by using the temperature T__ . of the deep are in the human
body 2 and the heat resistance R_+R, of the portion from the
deep area in the human body 2 to the body surface 2A.

Teore — Thi ®)
Os+t=——
Rs + Rt
[0203] The heat resistance R, of the contact heat resistant

area depends on the properties of the material in the contact
heat resistant area, similar to the first embodiment, and also
varies depending on the heat resistance of the thermometer
1 (thermal insulating materials 37A and 37B) in contact with
the body surface 2A.

[0204] Since the heat flux Q is constant in each area, the
heat flux Q_, in the thermometer main body 3 and the heat
flux Q,,, in the portion from the deep area in the human body
2 to the body surface 2A are equal (Q,;=Q,,,). Therefore,
Eq. (7) and Eq. (8) are modified to give Eq. (9) below, and
the temperature T,_,. of the deep area is determined by Eq.

).

+Re &)
Tcore = (Th1 -Th2)+ Thb1
Rul
[0205] The heat resistance R +R, in the portion from the

deep area in the human body 2 to the body surface 2A is an
unknown value. In view of this, obtaining the second
body-surface temperature T, 5 and the second outer-surface
temperature T,, in the temperature measuring device 3B
from the body-surface sensor 31B and the outer surface
sensor 33B in the same manner as in the temperature
measuring device 3A allows the temperature T, ,. of the
deep area to be determined as shown by Eq. (10) below.

Rs+ Rt (10)
Tcore = -(Th3 - Th4) + T3
Ru2
[0206] Since the ratio o between the first heat resistance

R, of the temperature measuring device 3A and the second
heat resistance R , of the temperature measuring device 3B
is known, eliminating the heat resistance R +R, from Eq. (9)
and Eq. (10) allows the temperature T, of the deep area to
be determined by Eq. (11) below by using the ratio .
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Th3-(Tbi = Th2) - @ Th1 - (Tb3 - Th4) (an

Te =
core (Thl —Tb2) — - (Tb3 — Tbd)

[0207] Therefore, Eq. (11) is stored as an arithmetic for-
mula for the temperature T, ,. of the deep area in the
deep-area temperature calculating device 441.

[0208] The content stored in the storage unit 45 is the same
as in the first embodiment, and descriptions thereof are
therefore omitted.

[0209]

[0210] FIG. 10 shows a flow chart depicting the operation
of the thermometer 1 in the present embodiment.

[0211] The thermometer main body 3 is attached to the
human body 2 (the chest of the infant in the present
embodiment), and the operator 5 of the thermometer 1 who
is holding the infant attaches the display device 4 to his or
her arm. Once the operator 5 turns on the switch of the
display device 4 by operating the operating unit 43 of the
display device 4, the transceiver device 41 sends radio
waves to the thermometer main body 3 (the temperature
measuring device 3A and temperature measuring device
3B). The thermometer main body 3 is charged by creating
electromotive force in the antenna coils 36A and 36B with
the electromagnetic induction caused by these radio waves
(step S1). The thermometer main body 3 is energized by this
electromotive force (step S2), and the body-surface sensors
31A and 31B and outer surface sensors 33A and 33B are also
energized. When these sensors 31A, 31B, 33A, and 33B are
energized, the thermometer main body 3 sends a standby
signal to the display device 4 from the transceiver devices
35A and 35B (step S3).

[0212] When the control device 44 of the display device 4
receives this standby signal, a temperature measurement
command signal is sent from the transceiver device 41 (step
S4). The thermometer main body 3 receives this temperature
measurement command signal, drives the body-surface sen-
sors 31A and 31B and the outer surface sensors 33A and
33B, and measures the first body-surface temperature T, ;
and second body-surface temperature Ty, in the body sur-
face 2A, and the first outer-surface temperature T, and
second outer-surface temperature Ty, in the outer surfaces
302A and 302B (step S5, first temperature measuring step
and second temperature measuring step). The information
about the body-surface temperatures T,; and T, ; and the
outer-surface temperatures Ty, and Ty, is converted from
analog signals to digital signals by the A/D converters 34A
and 34B, and is sent to the display device 4 by the trans-
ceiver devices 35A and 35B. The body-surface temperatures
T, and Ty 5 and outer-surface temperatures Ty, and T, , are
preferably measured after a specific time has passed so that
the transfer of heat from the inside of the human body 2 to
the body surface 2A reaches a steady (equilibrium) state.

[0213] In the deep-area temperature calculating device
441 of the control device 44, the temperature T___ of the
deep area is calculated by Eq. (11) from the body-surface
temperatures T, ; and T, and outer-surface temperatures Ty,
and Ty, sent from the thermometer main body 3 (step S6,

deep-area temperature calculating step). The control device

The thermometer 1 operates as follows.
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44 stores the temperature T, . in the storage unit 45 (step
§7), and displays the temperature T, on the display unit 42
(step S8). The operator 5 confirms the temperature T, on
the display unit 42 of the wristwatch-type display device 4
while holding the infant.

[0214] The control device 44 counts the passage of time
after the body-surface temperatures T, ; and T, are mea-
sured with an internal timer, and observes whether a specific
time has passed (step S9). If the elapsed time is equal to or
greater than the specific time, the process returns to step S4,
the control device 44 sends a measurement initiation signal
to the thermometer main body 3, and the body-surface
temperatures T, ; and T, ; and intermediate temperatures T, ,
and T, , are measured.

[0215] Thus, the body-surface temperatures T, and T, ,
and the outer-surface temperatures Ty, and T, are mea-
sured, and the temperature T, . of the deep area is calcu-
lated and stored in the storage unit 45 at specific time
intervals.

[0216] According to the second embodiment, the follow-
ing effects are achieved in addition to the effects in the first
embodiment.

[0217] (8) The heat fluxes in the temperature measuring
device 3A and the temperature measuring device 3B can be
adjusted by varying the heat resistances of the thermal
insulating material 37A and the thermal insulating material
37B. Therefore, the heat flux adjusting device is configured
from the thermal insulating material 37A and the thermal
insulating material 37B and does not need to be provided
separately, and the structure can be simplified.

[0218] (9) Since the thermal insulating material 37A and
the thermal insulating material 37B differ only in thickness,
the thickness ratio thereof corresponds to the ratio a of the
heat resistance between the body-surface sensor 31A and
outer surface sensor 33A, and the heat resistance between
the body-surface sensor 31B and outer surface sensor 33B.
Therefore, the temperature of the deep area of the organism
can be calculated using the thickness ratio.

Third Embodiment

[0219] FIG. 11 shows a block diagram of a thermometer
1 according to a third preferred embodiment of the present
invention. As shown in FIG. 11, the thermometer main body
3 includes heat flux measuring units 5A and 5B as part of the
first and second temperature measuring units. These heat
flux measuring units SA and 5B are not provided with the
intermediate sensors 32A and 32B or the outer surface
sensors 33A and 33B as in the previous embodiments, but
are rather respectively provided, with a heat-flux sensor S1A
as a first heat flux measuring unit, and a heat-flux sensor 51B
as a second heat flux measuring unit. With these heat-flux
sensors 5S1A and 51B, the heat flux measuring units SA and
5B are brought into contact with the body surface 2A to
measure the heat fluxes in the thermometer 1. The heat-flux
sensors 51A and 51B are embedded in thermal insulating
materials having different heat resistances (first heat resis-
tance and second heat resistance) from the body surface 2A
to a specific section (up to the outer surface 302A, for
example), and the heat-flux sensors 51A and 51B measure
the heat fluxes Q,; and Q,, of this specific section.

[0220] Either of Eq. (12) and Eq. (13) below is stored in
the deep-area temperature calculating device 441.
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Teore = —22C (T3 Tbl)+ Tbi 12
Qul—Qu2

Tcore = quZ (Thb3-Tb)+ Thb3 13
Qul - Qu2

[0221] In the thermometer 1 with this configuration, the

first heat flux measuring step is conducted so that the first
body-surface temperature T,, is measured by the body-
surface sensor 31A and the first heat flux Q,; is measured by
the heat flux measuring unit 5A, and the second heat flux
measuring step is conducted so that the second body-surface
temperature T, 5 is measured by the body-surface sensor 31B
and the second heat flux Q, is measured by the heat flux
measuring unit SB. Then, when these measured values are
sent to the display device 4, in the deep-area temperature
calculating step, the deep-area temperature calculating
device 441 calculates the temperature T__ _ of the deep area
on the basis of the first body-surface temperature T,,, the
first heat flux Q,,, the second body-surface temperature T,
and the second heat flux Q.

[0222] According to the third embodiment, the following
effects are achieved.

[0223] (10) In the thermometer 1 with this configuration,
the temperature T, of the deep area of the organism can be
calculated from the actual measured values in the same
manner as in the previous embodiments, and therefore a
more accurate body temperature can be measured.

[0224] As shown in Eq. (12) and Eq. (13), the arithmetic
formula for the temperature T, of the deep area does not
include heat resistance. Therefore, the heat resistances of
specific sections in which the heat-flux sensors 51A and 51B
measure the heat fluxes do not need to be known and can be
different values. In other words, these heat resistances do not
need to be set with high precision, and thermal insulating
materials with different heat resistances can be used. There-
fore, material selection and production are made easier, and
the structure of the thermometer 1 is simplified.

Fourth Embodiment

[0225] Next, a fourth preferred embodiment of the present
invention will be described.

[0226] FIG. 12 shows a block diagram of the thermometer
1 according to the fourth embodiment of the present inven-
tion. FIG. 13 shows an enlarged view of the thermometer
main body 3 mounted on the human body 2. As shown in
FIGS. 12 and 13, the thermometer main body 3 includes
two (a pair of) temperature measuring devices, the tempera-
ture measuring device 3A as the first temperature measuring
device and the temperature measuring device 3B as the
second temperature measuring device.

[0227] The temperature measuring device 3A includes a
body-surface sensor 31A, and outer surface sensor 33A, and
intermediate sensor 32A, and a thermal insulating material
37A. The body-surface sensor 31A is a first temperature
measuring unit that measures the temperature of the body
surface 2A as the first body temperature, with the sensor 31A
having a contact surface 300A that comes into contact with
the body surface 2A. The outer surface sensor 33Ais a first
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measuring unit that measures the temperature of the outer
surface 302A as the first outer-surface temperature, with the
sensor 33A having an outer surface 302A exposed to the air
outside of the temperature measuring device 3A. The inter-
mediate sensor 32A is placed in the middle between the
body-surface sensor 31A and the outer surface sensor 33A as
a first measuring unit to measure the temperature of the
position thereof as a first intermediate temperature. The
sensors 31A, 33A, and 32A are mounted and fixed in place
on the thermal insulating material 37A.

[0228] The temperature measuring device 3B is provided
separately from the temperature measuring device 3A. The
temperature measuring device 3B includes a body-surface
sensor 31B, an outer surface sensor 33B, an intermediate
sensor 32B, and a thermal insulating material 37B. The
body-surface sensor 31B is a second temperature measuring
unit that measures the temperature of the second body
surface 2A as the second body temperature at a different
position from the contact position of the temperature mea-
suring device 3A, with the sensor 31B having a contact
surface 300B that comes into contact with the body surface
2A. The outer surface sensor 33B is a second measuring unit
that measures the temperature of the outer surface 302B as
the second outer-surface temperature, with the sensor 33B
having an outer surface 302B exposed to the air outside of
the temperature measuring device 3B. The intermediate
sensor 32B is placed in the middle between the body-surface
sensor 31B and the outer surface sensor 33B as a second
measuring unit to measure the temperature of the position
thereof as a second intermediate temperature. The sensors
31B, 33B, and 32B are mounted and fixed in place on the
thermal insulating material 37B.

[0229] The thermometer main body 3 composed of these
temperature measuring devices 3A and 3B is configured to
be attached to the body surface 2A with an adequate amount
of contact pressure, similar to the first embodiment.

[0230] The temperature measuring device 3A and tem-
perature measuring device 3B are disposed at a specific
distance L from each other, similar to the first embodiment.

[0231] The thermal insulating material 37A of the tem-
perature measuring device 3A and the thermal insulating
material 37B of the temperature measuring device 3B are
configured from different materials, and the heat resistance
R4, of the thermal insulating material 37A and the heat
resistance R g, of the thermal insulating material 37B are
thereby set to different values. The distance from the contact
surfaces 300A and 300B to the intermediate sensors 32A and
32B is set, whereby the heat resistances from the contact
surfaces 300A and 300B to the intermediate sensors 32A and
32B are made to assume specific preset values. In the present
embodiment, the heat resistances of the intermediate sensors
32A and 32B are respectively set to a heat resistance R,
and a heat resistance R ;.

[0232] In the fourth embodiment, the control device 44
includes a temperature distribution calculating device 442
and a deep-area temperature calculating device 441.

[0233] FIG. 14 shows a temperature distribution model
for the temperature measuring devices 3A and 3B. As shown
in FIG. 14, since the heat resistance of the temperature
measuring device 3A and the heat resistance of the tempera-
ture measuring device 3B are different, the heat fluxes from
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the deep area of the human body 2 to the outside area are
also different, and therefore the temperature distributions T
(R) are different as well.

[0234] In the temperature measuring device 3A, the tem-
perature distribution calculating device 442 uses Eq. (14) of
the seventh embodiment to calculate the first temperature
distribution T, (R) from the body-surface temperature T, , at
heat resistance (R=0), the intermediate temperature Ty, at
heat resistance (R=R, ,,), and the outer-surface temperature
T, 5 at heat resistance (R=R, ,,). In the temperature measur-
ing device 3B, the temperature distribution calculating
device 442 calculates the second temperature distribution
Tx(R) from the body-surface temperature T, ; at heat resis-
tance (R=0), the intermediate temperature T, at heat resis-
tance (R=R,g,), and the outer-surface temperature T, at
heat resistance (R=Rp,) in the same manner.

[0235] The deep-area temperature calculating device 441
calculates the temperature T, . of the deep area by plotting
the temperature distribution T,(R) and the temperature
distribution Tg(R), and determining their point of intersec-

tion.

[0236] Therefore, in the fourth embodiment, since the
temperature T_ . of the deep area of the human body 2 is
determined from the temperature distribution T, (R) and the
temperature distribution Tx(R), there is no need for a
preparatory temperature measuring step in which the tem-
perature of the deep area is measured in advance with a
known thermometer. In other words, in the thermometer 1 of
the fourth embodiment, when the temperature measurement
command signal is sent to the thermometer main body 3
from the control device 44, the temperature information
from the sensors 31A, 32A, 33A, 31B, 32B, and 33B is sent
to the control device 44. The temperature distribution cal-
culating device 442 calculates the temperature distribution
TA(R) and the temperature distribution Tp(R) from this
temperature information. The deep-area temperature calcu-
lating device 441 then calculates the temperature T__ . of the
deep area from the temperature distribution T,(R) and the
temperature distribution Tx(R).

[0237] According to the fourth embodiment, the following
effects are achieved.

[0238] (11) Since the thermometer 1 is provided with two
temperature measuring devices 3A and 3B, the temperature
T.... of a deep area can be calculated by the deep-area
temperature calculating device 441 using the temperature
distribution T,(R) and the temperature distribution Tp(R)
obtained by the temperature distribution calculating device
442. In other words, since there is no need to calculate the
surface-layer heat resistance R, the configuration of the
control device 44 can be simplified and the calculation
process can be accelerated. Therefore, the responsiveness of
the thermometer 1 can be improved.

[0239] Also, since the thermometer 1 is provided with two
temperature measuring devices 3A and 3B, the temperature
of the deep area can be directly calculated using the tem-
perature distribution T,(R) and the temperature distribution
T(R), and therefore there is no need to measure the
temperature of the deep area in advance with a known
thermometer in order to determine the surface-layer heat
resistance R, nor is there a need for a preparatory step for
body temperature measurement. Consequently, the body
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temperature measuring time of the thermometer 1 can be
shortened, and the handling of the thermometer 1 can be
improved.

Fifth Embodiment

[0240] Next, a fifth preferred embodiment of the present
invention will be described. The fifth embodiment is similar
to the fourth embodiment except that the first measuring unit
and second measuring unit in the fourth embodiment have a
common heat resistance.

[0241] The thermometer main body 3 of the fifth embodi-
ment is shown in FIG. 15. In FIG. 15, the thermometer main
body 3 includes temperature measuring devices 3A and 3B,
similar to the fourth embodiment.

[0242] The temperature measuring device 3A includes a
thermal insulating material 37 having a contact surface 300A
that comes into contact with the body surface 2A of the
human body 2, and a thermal insulating material 38A as a
first thermal insulating material provided between the ther-
mal insulating material 37 and the outside air. The tempera-
ture measuring device 3B includes a thermal insulating
material 37 having a contact surface 300B that comes into
contact with the body surface 2A at a different position from
the contact position of the temperature measuring device
3A, and a thermal insulating material 38B as a second
thermal insulating material provided between the thermal
insulating material 37 and the outside air. Specifically, the
thermal insulating materials 37 are common between the
temperature measuring device 3A and temperature measur-
ing device 3B, and therefore have a common heat resistance
Ryo

[0243] The temperature measuring device 3A includes a
body-surface sensor 31A that comes into contact with the
body surface 2A and measures the temperature of the body
surface 2A, an interface sensor 39A to measure the tem-
perature of the interface 301A between the thermal insulat-
ing material 37 and the thermal insulating material 38 A, and
an intermediate sensor 32A provided between the body-
surface sensor 31A and the interface sensor 39A. Also, the
temperature measuring device 3B includes, similar to the
temperature measuring device 3A, a body-surface sensor
31B, an interface sensor 39B to measure the temperature of
the interface 301B between the thermal insulating material
37 and the thermal insulating material 38B, and an inter-
mediate sensor 32B.

[0244] The heat resistances from the body surface 2A to
the intermediate sensors 32A and 32B are known, and are
respectively set to heat resistance R, ; and heat resistance
R_g;- In the present embodiment, the heat resistances R4,
and R, are set to the same value (R ;=R ;) by equal-
izing the distances of the intermediate sensors 32A and 32B
from the body surface 2A.

[0245] The heat resistances of the thermal insulating mate-
rial 38A and thermal insulating material 38B are set to
different values, and therefore the temperature measuring
devices 3A and 3B have different overall heat resistances,
but the heat resistances to the body-surface sensors 31A and
31B, the heat resistances to the intermediate sensors 32A and
32B, and the heat resistances to the interface sensors 39A
and 39B are all set to be equal.

[0246] In the fifth embodiment, similar to the fourth
embodiment, the temperature distribution calculating device
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442 calculates the temperature distribution T,(R) and the
temperature distribution Ty(R), and the deep-area tempera-
ture calculating device 441 calculates the temperature T,
of the deep area from the temperature distribution T, (R) and
temperature distribution Ty(R). At this time, since the tem-
perature measuring devices 3A and 3B have different overall
heat resistances, the heat fluxes passing through their inte-
riors are different, and the temperature distribution T ,(R)
and temperature distribution T,(R) are also different. How-
ever, since the heat resistance (R=0) to the body-surface
sensors 31A and 31B, the heat resistance (R=R,,=R 3,) to
the intermediate sensors 32A and 32B, and the heat resis-
tance (R=R_,) to the interface sensors 39A and 39B are set
to be equal, these common heat resistances are eliminated
from the calculation when the deep-area temperature calcu-
lating device 441 calculates the temperature of the deep area,
and therefore the temperature T, of the deep area can be
calculated without using these heat resistances. In other
words, the temperature T__,, of the deep area is measured
solely from the body-surface temperatures T,; and T,
measured by the body-surface sensors 31A and 31B, the
intermediate temperatures T,, and T,, measured by the
intermediate sensors 32A and 32B, and the interface tem-
peratures Ty 5 and T, ; measured by the interface sensors 39A
and 39B.

[0247] According to the fifth embodiment, the following
effects are achieved in addition to the same effects as in (11)
of the fourth embodiment.

[0248] (12) Since the temperature measuring devices 3A
and 3B are disposed on a common thermal insulating
material 37, the handling of the thermometer 1 can be
improved because the temperature measuring devices 3A
and 3B can be configured integrally.

[0249] Although the temperature measuring devices 3A
and 3B have different overall heat resistances, the heat
resistances at the positions of the body-surface sensors 31A
and 31B, the heat resistances at the positions of the inter-
mediate sensors 32A and 32B, and the heat resistances at the
positions of the interface sensors 39A and 39B made equal
to each other, and therefore these heat resistances are elimi-
nated from the calculation of the temperature of the deep
area in the deep-arca temperature calculating device 441.
Therefore, the calculation process in the deep-area tempera-
ture calculating device 441 is simplified, and the calculation
process is performed in less time.

[0250] Also, since heat resistances are not needed when
calculating the temperature of the deep area, providing the
temperature measuring devices 3A and 3B with different
overall heat resistances and equalizing the heat resistances at
the positions of the body-surface sensors 31A and 31B, the
heat resistances at the positions of the intermediate sensors
32A and 32B, and the heat resistances at the positions of the
interface sensors 39A and 39B will dispense with the need
to manage strictly the set values of these parameters. There-
fore, the manufacturing management of the thermometer 1
can be simplified because there is no need to manage strictly
the heat resistances during the manufacture of the thermom-
eter 1.

[0251] Also, when clothing is worn over the thermometer
1 and caused to come into contact with the thermometer 1,
or when the thermometer 1 is attached and caused to come
into contact with bedding when the user lies down, for
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example, the heat resistances of the temperature measuring
devices 3A and 3B change, but the temperature of the deep
area can still be accurately measured as long as the total heat
resistances of the temperature measuring devices 3A and 3B
are different. Therefore, the restrictions on position or cloth-
ing while the thermometer 1 is attached can be reduced, and
the handling of the thermometer 1 can be improved.

Sixth Embodiment

[0252] Asixth preferred embodiment of the present inven-
tion will now be described.

[0253] FIG. 16 shows a block diagram of the thermometer
1 according to the present embodiment. This thermometer 1
includes a thermometer main body 3 that comes into contact
with a body surface on the human body 2 (see FIG. 17) as
the organism, and a display device 4 provided separately
from the thermometer main body 3.

[0254] FIG. 17 shows a drawing of the thermometer main
body 3 mounted on the human body 2, and FIG. 18 shows
a drawing of the thermometer main body 3 and display
device 4 in the mounted state.

[0255] First, as shown in FIG. 17, the thermometer main
body 3 includes a body-surface sensor 31, an outer surface
sensor 33, and a thermal insulating material 37. The body-
surface sensor 31 is a base temperature measuring unit that
comes into contact with the body surface 2A of the human
body 2 and determines the temperature of the body surface
2A. The outer surface sensor 33 is a reference temperature
measuring unit that has an outer surface 30 exposed to the
air outside of the thermometer main body 3 and that deter-
mines the temperature of the outer surface 30. The thermal
insulating material 37 is located between the body-surface
sensor 31 and the outer surface sensor 33. This thermometer
main body 3 is capable of being attached to the human body
2 by the surface on the side of the body-surface sensor 31
with an adhesive or the like, and the thermometer main body
3 is configured so that it can be attached with an adequate
amount of contact pressure to the body surface 2A with this
adhesive. In the present embodiment, the thermometer main
body 3 is attached to the forehead of an infant (human body
2).

[0256] The position where the thermometer main body 3
is attached is preferably on the forehead, the back of the
neck, the chest, the back, or another such area where the skin
temperature on the human body is not susceptible to the
effects of outside air, and the body-surface temperature can
be measured relatively easily. Also, the thermal insulating
material 37 is preferably large enough so that the heat flux
from the deep area of the human body 2 through the body
surface 2A and the thermal insulating material 37 to the
outer surface 30 can be approximated to be constant in a
steady state when the thermometer main body 3 is attached
to the body surface 2A. For example, one possibility is for
the thermal insulating material 37 to be formed into a
substantially rectangular shape with length and width
dimensions of 10 cm or greater. In this case, it is possible to
ignore the movement of heat in a direction substantially
perpendicular to the direction joining the deep area of the
human body 2 to the position of the body surface 2A on
which the thermometer main body 3 is attached, that is, in
the direction running along the body surface 2A. The
movement of heat from the deep area of the human body 2
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to the body surface 2A can be considered to be uniaxial, and
the heat flux can be approximated to be moving in one
direction.

[0257] The body-surface sensor 31 and the outer surface
sensor 33 can be the same as those described in the first
embodiment.

[0258] As shown in FIG. 16, the thermometer main body
3 also includes an A/D converter 34 and a transceiver device
35, in addition to the body-surface sensor 31 and the outer
surface sensor 33. The A/D converter 34 converts the analog
signals of heat resistance or voltage converted by the body-
surface sensor 31 and the outer surface sensor 33 into digital
signals, and outputs the digital signals to the transceiver
device 35.

[0259] The transceiver device 35 includes an antenna coil
36 and sends the signals of temperature (resistance and
voltage) converted to digital signals by the A/D converter 34
to the display device 4 by radio waves.

[0260] The display device 4 is configured to be portable in
a wristwatch style, and is designed to be attached by the
operator 5 holding the infant on whom the thermometer
main body 3 is to be attached, as shown in FIG. 18. The
display device 4 includes a transceiver device 41 to
exchange signals with the thermometer main body 3, a
display unit 42 to display the results of measuring body
temperature, an operating unit 43 to operate the display
device 4 from the exterior, a control device 44 to control the
operation of the display device 4, and a storage unit (storage
device) 45 to store information obtained from the transceiver
device 41 and the control device 44, as shown in FIG. 16.

[0261] The transceiver device 41 includes an antenna coil
46 and exchanges radio waves with the antenna coil 36 of
the thermometer main body 3. The antenna coil 46 generates
electromotive force in the antenna coil 36 through electro-
magnetic induction by transmitting radio waves to the
antenna coil 36, and charges the thermometer main body 3.
Therefore, the thermometer main body 3 is driven by this
electromotive force, and there is no need for an internal
battery or other such power source.

[0262] The display unit 42 and the operating unit 43 are
similar to those in the first embodiment, and descriptions
thereof are therefore omitted.

[0263] The control device 44 includes a heat flux calcu-
lating device 444, a heat resistance calculating device 443,
and a deep-area temperature calculating devicel The heat
flux calculating device 444 that calculates the heat flux from
the body surface 2A to the outer surface 30 on the basis of
the body-surface temperature from the body-surface sensor
31 and the outer-surface temperature from the outer surface
sensor 33. The heat resistance calculating device 443 cal-
culates the heat resistance of the area that extends from the
deep area of the human body 2 to the body surface 2A on the
basis of the calculated heat flux. The deep-area temperature
calculating device 441 calculates the temperature of a deep
area in the human body 2 on the basis of the heat resistance
calculated by the heat resistance calculating device 443.

[0264] The heat flux calculating device 444 calculates the
heat flux Q, passing between the body surface 2A and the
outer surface 30 from the body-surface temperature T,
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measured by the body-surface sensor 31 and the outer-
surface temperature T, measured by the outer surface
sensor 33.

[0265] FIG. 19 shows a model of the temperature distri-
bution from a deep area of the human body 2 through the
body surface 2A and the thermometer main body 3 to the
outside air. As shown in FIG. 19, in the model of tempera-
ture transmission from the deep area of the human body 2 to
the outside air, the temperature T, of the deep area of the
human body 2 is substantially constant. In the surface layer
farther out than the deep area, the body temperature drops
due to the effects of the heat resistance of the skin and the
outside-air temperature. Microscopic gaps form between the
body surface 2A and the thermometer main body 3, and the
temperature therefore decreases in the contact heat resistant
area due to heat radiation in these gaps. When the tempera-
ture of the body surface 2A is actually measured by the
thermometer main body 3, the body-surface temperature T, ;
that has decreased due to this contact heat resistant area is
measured as a result.

[0266] Since heat resistance exists in the thermometer
main body 3 as such, a reduction in temperature also occurs
in the thermometer main body 3, and temperature Ty, is
established on the outer surface 30 of the thermometer main
body 3. This temperature T,, is measured by the outer
surface sensor 33. Furthermore, the temperature decreases
because heat is radiated in the outside-air temperature con-
tact section between the outer surface 30 of the thermometer
main body 3 and the outside air, and the temperature
ultimately reaches the outside-air temperature T, .

[0267] The slope of the temperature distribution graph
corresponds to the heat flux Q, wherein the horizontal axis
is heat resistance and the vertical axis is temperature. In a
steady state, the heat flux Q in all areas is constant, and
therefore the slope of the graph in FIG. 19 is also constant.
At this time, since the heat resistance R  of the thermometer
main body 3 is known to be nearly equal to the heat
resistance of the thermal insulating material 37, the heat flux
Q,; can be calculated by the following formula if the
body-surface temperature T, ; of the thermometer main body
3 and the outer-surface temperature T, , are known.

Ty =Tp

Qu
RuO

[0268] The heat resistance calculating device 443 uses the
heat flux Q, determined by the above-mentioned mathemati-
cal formula 1 to calculate the heat resistance R_+R, in the
area that extends from the deep area of the human body 2 to
the body surface 2A in the following manner.

[0269] The heat flux Q,,, in the area containing both the
surface layer and the contact heat resistance section, that is,
the area that extends from the deep area of the human body
2 to the body surface 2A, is expressed by the following
formula using the temperature T_ . of the deep area of the
human body 2 and the heat resistance R +R,.
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Teore = T1

Osir = R.+R,

[0270] Since the heat flux Q is constant in all areas, the
heat flux Q,, in the interior of the thermometer main body 3
and the heat flux Q_,, in the area that extends from the deep
area of the human body 2 to the body surface 2A are equal.
Therefore, these formulas can be rewritten as follows.

[0271] As shown in this formula, if the for-calculation
body-surface temperature T, 1, to calculate the heat resis-
tance measured by the body-surface sensor 31, the for-
calculation outer-surface temperature Ty 4, to calculate the
heat resistance measured by the outer surface sensor 33, and
the for-calculation deep area body temperature Ty .. of the
deep area for calculating heat resistance are known, then the
surface-layer heat resistance R_+R, of the area that extends
from the deep area all the way to the body surface 2A can
be determined.

o, core = To, b1 _ Tocore = To,b1
Ror k= To,61 = Topz .RHO(RS = Qs )
[0272] When the body temperature of the human body 2 is

actually measured, the deep-area temperature calculating
device 441 uses the surface-layer heat resistance R_+R,
calculated by the heat resistance calculating device 443 to
calculate the temperature T, of the deep area by the
following formula from the body-surface temperature T,
obtained by the body-surface sensor 31 and the outer-surface
temperature T, obtained by the outer surface sensor 33.

Rs + R,
Ry

Toore = Tpr + LTy = T2)

[0273] The body-surface temperature Ty, and the outer-
surface temperature T, sent from the thermometer main
body 3 are stored in the storage unit 45. The surface-layer
heat resistance R +R, of the area that extends from the deep
area of the human body 2 to the body surface 2A calculated
by the heat resistance calculating device 443, and the
temperature T, . of the deep area of the human body 2
calculated by the deep-area temperature calculating device
441 are also stored.

[0274] The storage unit 45 is configured to be capable of
storing temperature information about multiple human bod-
ies 2, and the surface-layer heat resistance R +R, and the
temperature T, of the deep area and the like are stored for
each human body 2. Also, the storage unit 45 is capable of
storing the measurement positions of the for-calculation
body-surface temperature T ,,; and the for-calculation ref-
erence temperature Ty, that are measured when the sur-
face-layer heat resistance R +R, is calculated. In addition to
the aforementioned temperature information, the storage
unit 45 may also be made to store the name of the person to
be measured (human body 2, infant), his or her age, the date
of the measurement, and other such measurement informa-
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tion, for example. In this case, this measurement information
may be input from the operating unit 43.

[0275] The thermometer 1 operates in the following man-
ner.
[0276] FIG. 20 shows a flowchart depicting the operation

of the thermometer 1 in the present embodiment. As shown
in FIG. 20, when the body temperature of the human body
2 is measured with the thermometer 1, a body temperature
measuring preparatory step is first performed so that the
surface-layer heat resistance R_+R, from the deep area in the
human body 2 to the body surface 2A is calculated.

[0277] The thermometer main body 3 is attached to the
human body 2 (the forehead of the infant in the present
embodiment), and the operator 5 of the thermometer 1 who
is holding the infant attaches the display device 4 to the arm.
When the operator 5 turns on the switch of the display
device 4 by operating the operating unit 43 of the display
device 4, the transceiver device 41 sends radio waves to the
thermometer main body 3. The thermometer main body 3 is
charged by creating electromotive force in the antenna coil
36 with the electromagnetic induction caused by these radio
waves (step S11). The thermometer main body 3 is energized
by this electromotive force (step S12), and the body-surface
sensor 31 and outer surface sensor 33 are also energized.
When these sensors 31 and 33 are energized, the thermom-
eter main body 3 sends a standby signal to the display device
4 from the transceiver device 35 (step S13).

[0278] When the control device 44 of the display device 4
receives this standby signal, a temperature measurement
command signal is sent from the transceiver device 41 (step
S14). The thermometer main body 3 receives this tempera-
ture measurement command signal, drives the body-surface
sensor 31 and the outer surface sensor 33, and measures the
for-calculation body-surface temperature Ty, of the body
surface 2A and the for-calculation outside-air temperature
T ,, of the outer surface 30 (step S15 and step S16, heat
resistance calculation temperature measuring step). The
temperature information about the for-calculation body-
surface temperature Ty,,4 and the for-calculation outside-air
temperature T, ,, is converted from analog signals to digital
signals by the A/D converter 34, and is sent to the display
device 4 by the transceiver device 35 (step S17). The
for-calculation body-surface temperature T, and the for-
calculation outside-air temperature Ty .., are preferably mea-
sured after a specific time has passed so that the transfer of
heat from the deep area of the human body 2 to the body
surface 2A reaches a steady state.

[0279] Tt is necessary to determine whether the control
device 44 calculates the surface-layer heat resistance R +R,
or the temperature of the deep area by using the temperature
information obtained from the body-surface sensor 31 and
the outer surface sensor 33. Therefore, the control device 44
is provided with a selection device (not shown). This selec-
tion device displays a selection screen on the display unit 42,
for example, to selecte either a “body temperature measure-
ment preparation mode” or a “body temperature measure-
ment mode,” and may be configured so that the operator 5
can select either of the modes by operating the operating unit
43. The operator 5 herein selects the temperature measure-
ment preparatory mode and instructs the control device 44 to
calculate the surface-layer heat resistance R +R, by using the
temperature information. The control device 44 of the dis-
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play device 4 calculates the heat flux Q. , with the heat flux
calculating device 444 on the basis of the for-calculation
body-surface temperature T, ,,; and the for-calculation outer-
surface temperature T, sent from the thermometer main
body 3.

[0280] Next, the display device 4 displays a screen to
request input of the for-calculation deep area body tempera-
ture Ty ., Which is the temperature of the deep area for
calculating the heat resistance, on the display unit 42. The
operator 5 inputs the measured for-calculation deep area
body temperature T, .., by operating the operating unit 43.
The display device 4 thereby acquires the for-calculation
deep area body temperature T, ... (step S19). The for-
calculation deep area body temperature T, . may be mea-
sured with a known thermometer that measures underarm
temperature, oral temperature, or the like.

[0281] The heat resistance calculating device 443 of the
control device 44 calculates the surface-layer heat resistance
R +R, from the deep area of the human body 2 to the body
surface 2A with Eq. (3) from the acquired for-calculation
deep area body temperature T, ,,. and the heat flux Q,,,
calculated by the heat flux calculating device 444 (step S20,
heat resistance calculating step). The control device 44
stores the calculated surface-layer heat resistance R_+R, in
the storage unit 45 (step S21, storage step), and completes
body temperature measurement preparation.

[0282] Next, the operation of the thermometer 1 in the
body temperature measurement step will be described for a
case in which the body temperature of the human body 2 is
actually measured in a continuous manner.

[0283] FIG. 21 is a flowchart showing the operation of the
thermometer 1. In FIG. 21, when the body temperature of
the human body 2 is measured by the thermometer 1, similar
to step S11 previously described, the thermometer main
body 3 is first charged through electromagnetic induction in
the antenna coil 36 by radio waves from the antenna coil 46
of the display device 4 (step S31). When the sensors 31 and
33 of the thermometer main body 3 are energized (step S32),
the thermometer main body 3 sends a standby signal to the
display device 4 (step S33). The display device 4 thereby
determines whether the thermometer main body 3 has com-
pleted preparations to measure the body temperature, and
reads out the surface-layer heat resistance R +R, of the
human body 2 from the storage unit 45 (step S34). A body
temperature measurement initiation signal is then sent to the
thermometer main body 3 via the transceiver device 41 (step
$35).

[0284] The thermometer main body 3 receives the mea-
surement initiation signal from the display device 4, and
initiates measurement of the body-surface temperature T, ;
of the body surface 2A with the body-surface sensor 31, and
measurement of the outer-surface temperature Ty, with the
outer surface sensor 33 (step S36, temperature measurement
step). The temperature values Ty; and T, determined by the
body-surface sensor 31 are converted to digital signals by
the A/D converter 34 and are then sent to the display device
4 by the transceiver device 35.

[0285] In order for the control device 44 to calculate the
body temperature of a deep area by using the temperature
information from the body-surface sensor 31 and outer
surface sensor 33, the “body temperature measurement
mode” must be selected with the aforementioned selection
device.
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[0286] The deep-area temperature calculating device 441
of the control device 44 calculates the temperature T, of
the deep area with the aforementioned formula shown in the
present embodiment from the body-surface temperature T,
and the outer-surface temperature Ty, sent from the ther-
mometer main body 3 (step S37, deep area temperature
calculation step). The control device 44 stores the tempera-
ture T, in the storage unit 45 (step S38), and displays the
temperature T_,__ on the display unit 42 (step S39). The
operator 5 can confirm the temperature T, on the display
unit 42 of the wristwatch-type display device 4 while

holding the infant.

[0287] The control device 44 counts the passage of time
after the body-surface temperature T, ; is measured with an
internal timer, and observes whether a specific time has
passed (step S40). If the elapsed time is equal to or greater
than the specific time, the process returns to step S35, the
control device 44 sends a measurement initiation signal to
the thermometer main body 3, and the body-surface tem-
perature T, ; and outer-surface temperature T, , are mea-
sured.

[0288] Thus, the body-surface temperature T,, and the
outer-surface temperature T,, are measured, and the tem-
perature T__ . of the deep area is calculated and stored in the

storage unit 45 at specific time intervals.

[0289] Since the surface-layer heat resistance R_+R,
changes only slightly except, for example, in special cir-
cumstances such as a sudden change in the type of human
body 2, the heat flux Q_,, may be calculated by the heat flux
calculating device 444 and the surface-layer heat resistance
R,+R, may be calculated by the heat resistance calculating
device 443 the first time body temperature measurement is
begun. When there is a change in the heat transfer charac-
teristics of the human body 2, such as a sudden change in
body type, the temperature data T, . of the deep area may
be acquired again, and the body-surface temperature T, ; and
outer-surface temperature T, , may be measured to calculate
the heat flux Q,, and the surface-layer heat resistance
R.+R.

[0290] Also, since there is little variation in the surface-
layer heat resistance R_+R, particular to the human body 2,
when the thermometer 1 is used again, the surface-layer heat
resistance R +R, previously calculated can be used, and
therefore the time until body temperature measurement
initiation is started can be shortened for the second and
subsequent measurements. In this case, if the surface-layer
heat resistances R +R, for multiple human bodies 2 are
stored in the storage unit 43, the surface-layer heat resis-
tances R +R, previously calculated can be read out and used
again by operating the operating unit 43. In this case, an
organism selection may be made to specify the human body
2 with the aid of the operating unit 43 whenever the body
temperature measurement step is performed.

[0291] According to the sixth embodiment, the following
effects are achieved in addition to the effects (3) and (5) in
the first embodiment.

[0292] (13) Since the heat resistance calculating device
443 calculates the surface-layer heat resistance R +R, on the
basis of the for-calculation body-surface temperature T,
of the human body 2, the for-calculation outer-surface
temperature Ty}, the known heat resistance R, of the

S+r
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thermal insulating material 37, and the for-calculation deep
area body temperature T, ., a surface-layer heat resistance
R +R, corresponding to the heat transfer characteristics of
the human body 2 can be obtained. Since the deep-area
temperature calculating device 441 calculates the tempera-
ture T, of the deep area on the basis of the surface-layer
heat resistance R_+R,, the body temperature T, of the deep
area can be accurately calculated according to the heat
transfer characteristics of the human body 2 without being
affected by the differences in the type of human body 2 or
the like.

[0293] Also, since the heat resistance calculating device
443 calculates the heat resistance R_+R, of the human body
2 by utilizing the fact that the heat flux from a deep area of
the human body 2 to the outside air is constant, the con-
figuration of the thermometer 1 can be simplified because
there is no need for a heater or other such heating device to
be used to cancel out the heat flow as in a conventional
thermometer. Size reduction in the thermometer 1 can
thereby be further facilitated. Since there is no need for a
conventional heating device, reduced power consumption in
the thermometer 1 can be facilitated, and the safety and
handling of the thermometer 1 can be improved because the
thermometer 1 can be safely attached to the body surface 2A
for a long period of time.

[0294] (14) Since the thermometer main body 3 and the
display device 4 are configured separately and are config-
ured to be capable of communicating through the transceiver
devices 35 and 41, the number of components installed in
the thermometer main body 3 that comes into contact with
the human body 2 can be reduced to a minimum, and weight
and size reduction of the thermometer main body 3 can be
facilitated. Consequently, it is not a burden to leave the
thermometer main body 3 attached for a long period of time,
and the portability of the thermometer main body 3 can
therefore be improved. The weight and size reduction of the
thermometer main body 3 can also be further facilitated by
providing the display device 4 with the control device 44
having a heat resistance calculating device 443 and a deep-
area temperature calculating device 441.

[0295] Since the transceiver devices 35 and 41 are con-
figured for wireless communication through the antenna
coils 36 and 46, there is no hindrance with wires, and the
handling of the thermometer 1 can be improved.

[0296] Furthermore, since the display device 4 is formed
in wristwatch-style, the operator 5 can view the display unit
42 while worn on the wrist. Therefore, the operability of the
thermometer 1 can be improved because the body tempera-
ture display can be confirmed while holding the infant
whose body temperature is to be measured, as in the present
embodiment.

[0297] (15) Since the surface-layer heat resistance R +R,
is stored in the storage unit 45, the stored surface-layer heat
resistance R +R, can be read out and used in the body
temperature measuring step. Therefore, there is no need to
perform continuously the body temperature measurement
preparatory step and the body temperature measuring step,
and the surface-layer heat resistance R_+R, can be calculated
in advance. As a result, the handling of the thermometer 1
can be improved and the measuring time in the body
temperature measuring step can be shortened. Also, since the
storage unit 45 can store the surface-layer heat resistance
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R_+R, of multiple human bodies 2, the thermometer 1 can be
used alternately among multiple people, and the conve-
nience of the thermometer 1 can be improved.

Seventh Embodiment

[0298] FIG. 22 shows a block diagram of the thermometer
1 according to the present embodiment. This thermometer 1
includes a thermometer main body 3 as a temperature
measuring device that comes into contact with a body
surface on the human body 2 (see FIG. 23) as the organism,
and a display device 4 provided separately from the ther-
mometer main body 3.

[0299] FIG. 23 shows a diagram of the thermometer main
body 3 mounted on the human body 2, and FIG. 24 shows
a drawing of the thermometer main body 3 and the display
device 4 in the mounted state.

[0300] First, as shown in FIG. 23, the thermometer main
body 3 includes a body-surface sensor 31, an outer surface
sensor 33, and an intermediate sensor 32. The body-surface
sensor 31 is a base temperature measuring unit having a
contact surface 300 that comes into contact with the body
surface 2A of the human body 2 to determine the tempera-
ture of the body surface 2A. The outer surface sensor 33 is
a measuring unit that has an outer surface 30 exposed to the
air outside of the thermometer main body 3 and that deter-
mines the temperature of the outer surface 30. The interme-
diate sensor 32 is a measuring unit disposed at an interme-
diate position between the body-surface sensor 31 and the
outer surface sensor 33. The body-surface sensor 31, the
intermediate sensor 32, and the outer surface sensor 33 are
mounted and fixed in place on or in an thermal insulating
material 37. This thermometer main body 3 is capable of
being attached to the human body 2 along the surface on the
side of the body-surface sensor 31 with an adhesive or the
like, and the thermometer main body 3 is configured so that
it can be attached with an adequate amount of contact
pressure to the body surface 2A with this adhesive.

[0301] Tt is preferable that the attachment position of the
thermometer main body 3 be disposed on the forehead, the
back of the neck, the chest, the back or another such location
where the skin temperature of the human body is not
susceptible to the effects of the outside air, and where the
body-surface temperature can be measured in a relatively
stable manner. In the present embodiment, the thermometer
main body 3 is attached to the chest of an infant (human
body) 2.

[0302] Also, the thermal insulating material 37 is prefer-
ably large enough so that the heat flux from the deep area of
the human body 2 through the body surface 2A and the
thermal insulating material 37 to the outer surface 30 is
stable and not susceptible to the effects of the external
environment when the thermometer main body 3 is attached
to the body surface 2A. For example, one possibility is for
the thermal insulating material 37 to be formed into a
substantially rectangular shape with length and width
dimensions of 10 cm or greater.

[0303] The heat resistance R, of the thermal insulating
material 37 is set to a specific value by selecting an appro-
priate material, and therefore the heat resistance from the
contact surface 300 to the outer surface sensor 33 is sub-
stantially equal to the heat resistance of the thermal insu-
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lating material 37 and assumes the value of heat resistance
R, Also, the heat resistance from the contact surface 300
to the intermediate sensor 32 is a specific value that can be
set depending on the distance from the contact surface 300
to the position where the intermediate sensor 32 is provided,
and is set to heat resistance R, in the present embodiment.

[0304] The body-surface sensor 31, the outer surface sen-
sor 33, and the intermediate sensor 32 can be the sensors to
convert temperature to resistance, or the sensors for con-
verting temperature to voltage shown in the first embodi-
ment.

[0305] The thermometer main body 3 also includes an A/D
converter 34 and a transceiver device 35 as shown in FIG.
22, in addition to the body-surface sensor 31, the outer
surface sensor 33, and the intermediate sensor 32.

[0306] The A/D converter 34 converts the analog signals
of heat resistance or voltage converted by the body-surface
sensor 31, the outer surface sensor 33, and the intermediate
sensor 32 into digital signals, and outputs the digital signals
to the transceiver device 35. Alternatively, an RF encoder
that utilizes CR oscillation may be used instead of the A/D
converter 34.

[0307] The transceiver device 35 includes an antenna coil
36 and sends the signals of temperature (resistance and
voltage) converted to digital signals by the A/D converter 34
to the display device 4 by radio waves.

[0308] The display device 4 is configured to be portable in
a wristwatch style, and is designed to be attached by the
operator 5 holding the infant on whom the thermometer
main body 3 is to be attached, as shown in FIG. 24. The
display device 4 includes a transceiver device 41 to
exchange signals with the thermometer main body 3, a
display unit 42 to display the results of measuring body
temperature, an operating unit 43 to operate the display
device 4 from the exterior, a control device 44 to control the
operation of the display device 4, and a storage unit (storage
device) 45 to store information obtained from the transceiver
device 41 and the control device 44, as shown in FIG. 22.

[0309] The transceiver device 41 is similar to the device in
the sixth embodiment, and descriptions thereof are therefore
omitted. Also, the display unit 42 and the operating unit 43
are similar to those in the first embodiment, and descriptions
thereof are omitted.

[0310] The control device 44 includes a temperature dis-
tribution calculating device 442, a heat resistance calculat-
ing device 443, and a deep-area temperature calculating
device 441. The temperature distribution calculating device
442 calculates the relationship between heat resistance and
temperature as a temperature distribution on the basis of the
body-surface temperature from the body-surface sensor 31,
the intermediate temperature from the intermediate sensor
32, and the outer-surface temperature from the outer surface
sensor 33. The heat resistance calculating device 443 cal-
culates the surface-layer heat resistance from the deep area
of the human body 2 to the body surface 2A by using the
body-surface temperature, the intermediate temperature, the
outer-surface temperature, and the for-calculation deep-area
temperature measured by a known thermometer. The deep-
area temperature calculating device 441 calculates the tem-
perature of a deep area in the human body 2 using the
surface-layer heat resistance calculated by the heat resis-
tance calculating device 443.
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[0311] FIG. 25 shows the results of simulating the tem-
perature distribution of the body temperature in relation to
the distance from the deep area of the human body 2 to the
body surface 2A. As shown in FIG. 25, the change in
temperature in relation to the distance from the deep area is
more curved than linear. This is thought to be because the
movement of heat from the deep area is actually three-
dimensional due to moving in directions running along the
body surface, and not one-dimensional from the deep area
toward the body surface, and because of other reasons.

[0312] FIG. 26 shows a model of the temperature distri-
bution from a deep area of the human body 2 through the
body surface 2A and the thermometer main body 3 to the
outside air. In FIG. 26, the horizontal axis is heat resistance,
and the vertical axis is temperature (body temperature). As
shown in FIG. 26, in the model of temperature transmission
from the deep area of the human body 2 to the outside air,
the temperature T, . of the deep area of the human body 2
is substantially constant. In the surface layer farther out than
the deep area, the body temperature drops due to the effects
of the heat resistance of the skin and the outside-air tem-
perature. Though not illustrated, microscopic gaps form
between the body surface 2A and the thermometer main
body 3, and the temperature therefore decreases in the
contact heat resistant area due to heat radiation in these gaps.
When the temperature of the body surface 2A is actually
measured by the thermometer main body 3, the temperature
T, that has decreased due to this contact heat resistant area
is measured as a result.

[0313] Since heat resistance exists in the thermometer
main body 3 as such, a reduction in temperature also occurs
in the thermometer main body 3, and temperature Ty, is
established on the outer surface 30 of the thermometer main
body 3. Also, the temperature T, , is measured at the position
of the intermediate sensor 32, and the temperature T, is
measured by the outer surface sensor 33. Furthermore, the
temperature decreases because heat is radiated in the out-
side-air temperature contact section between the outer sur-
face 30 of the thermometer main body 3 and the outside air,
and the temperature ultimately reaches the outside-air tem-
perature T, .

[0314] As shown in FIG. 25 above, the movement of heat
from a deep area of the human body 2 to the body surface
2A is not one-dimensional, and the relationship between
heat resistance and temperature in FIG. 26 is also curved.

[0315] The temperature distribution calculating device
442 determines the relationship between heat resistance R
and temperature T as the temperature distribution T(R) in the
human body 2 by curved approximation from the body-
surface temperature Ty,; measured by the body-surface sen-
sor 31, the intermediate temperature T, measured by the
intermediate sensor 32, and the outer-surface temperature
T, measured by the outer surface sensor 33.

[0316] Specifically, the temperature distribution T(R) is
expressed by Eq. (14) below as a polynomial approximation
formula for the heat resistance R.

I
T(R)

=a+b-In(R) +c-In(R)® (19
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[0317] The temperature distribution calculating device
442 determines the constants a, b, and ¢ from a formula
obtained by inputting the body-surface temperature Ty, at
the heat resistance (R=0) of the body surface 2A to Eq. (14),
a formula obtained by inputting the intermediate tempera-
ture Ty, at the heat resistance (R=R ;) of the position of the
intermediate sensor 32, and a formula obtained by inputting
the outer-surface temperature T, at the heat resistance
(R=R,,) of the outer surface 30; and determines the rela-
tionship (temperature distribution) T(R) of temperature T to
heat resistance R.

[0318] The heat resistance calculating device 443 deter-
mines the surface-layer heat resistance R, of the area that
extends from the deep area all the way to the body surface
2A from the for-calculation body-surface temperature T y,;,
the for-calculation intermediate temperature Ty, and the
for-calculation outer-surface temperature Ty, measured to
determine the surface-layer heat resistance R, by using the
temperature distribution To(R) to calculate the heat resis-
tance calculated by the temperature distribution calculating
device 442, and substituting the for-calculation deep area
body temperature T, . of the deep area of the human body
2 for calculating heat resistance into the temperature distri-
bution T,(R).

[0319] When the body temperature of the human body 2 is
actually measured, the deep-area temperature calculating
device 441 calculates the temperature T__ _ of the deep area
by using the surface-layer heat resistance R, calculated by
the heat resistance calculating device 443 and substituting
the surface-layer heat resistance R, into the temperature
distribution T(R) determined by the temperature distribution
calculating device 442.

[0320] The body-surface temperature Ty, the intermedi-
ate temperature T,, and the outer-surface temperature T, ,
sent from the thermometer main body 3 are stored in the
storage unit 45. Also stored are the surface-layer heat
resistance R, from the deep area of the human body 2 to the
body surface 2A calculated by the heat resistance calculating
device 443, and the temperature T of the deep area of the
human body 2 calculated by the deep-arca temperature
calculating device 441.

[0321] The storage unit 45 is configured to be capable of
storing temperature information about multiple human bod-
ies 2, and the surface-layer heat resistance R, and tempera-
ture T_,,. of the deep area are stored for each human body
2. The storage unit 43 is also capable of storing the mea-
surement positions of the for-calculation body-surface tem-
perature T, ,, the for-calculation intermediate temperature
Ty 1,5, and the for-calculation outer-surface temperature Ty,
whenever the surface-layer heat resistance R, is calculated.
In addition to the aforementioned temperature information,
the storage unit 45 may also be made to store the name of
the person to be measured (human body 2, infant), his or her
age, the date of the measurement, and other such measure-
ment information, for example. In this case, this measure-
ment information may be input from the operating unit 43.

[0322] The thermometer 1 operates in the following man-
ner.
[0323] FIG. 27 shows a flowchart depicting the operation

of the thermometer 1 in the present embodiment. As shown
in FIG. 27, when the body temperature of the human body
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2 is measured with the thermometer 1, a body temperature
measuring preparatory step is first performed so that the
surface-layer heat resistance R, from the deep area in the
human body 2 to the body surface 2A is calculated.

[0324] The thermometer main body 3 is attached to the
human body 2 (the forehead of the infant in the present
embodiment), and the operator 5 of the thermometer 1 who
is holding the infant attaches the display device 4 to the arm.
When the operator 5 turns on the switch of the display
device 4 by operating the operating unit 43 of the display
device 4, the transceiver device 41 sends radio waves to the
thermometer main body 3. The thermometer main body 3 is
charged by creating electromotive force in the antenna coil
36 with the electromagnetic induction caused by these radio
waves (step S41). The thermometer main body 3 is ener-
gized by this electromotive force (step S42), and the body-
surface sensor 31, intermediate sensor 32, and outer surface
sensor 33 are also energized. When these sensors 31, 32, and
33 are energized, the thermometer main body 3 sends a
standby signal to the display device 4 from the transceiver
device 35 (step S43).

[0325] When the control device 44 of the display device 4
receives this standby signal, a temperature measurement
command signal is sent from the transceiver device 41 (step
S44). The thermometer main body 3 receives this tempera-
ture measurement command signal; operates the body-sur-
face sensor 31, the intermediate sensor 32, and the outer
surface sensor 33; and measures the for-calculation tem-
perature of the surface-layer heat resistance R, the for-
calculation body-surface temperature T, of the body sur-
face 2A, the for-calculation intermediate temperature Ty,
of the thermal insulating material 37, and the for-calculation
outer-surface temperature Ty, ,, of the outer surface 30 (step
S45, heat resistance calculation temperature measuring
step). The temperature information about the for-calculation
body-surface temperature Ty, ,,, the for-calculation interme-
diate temperature T, ,,,, and the for-calculation outer-surface
temperature T, ,,, is converted from analog signals to digital
signals by the A/D converter 34, and is sent to the display
device 4 by the transceiver device 35 (step S46). The
for-calculation body-surface temperature T, the for-cal-
culation intermediate temperature T, ,,, and the for-calcu-
lation outer-surface temperature Ty, are preferably mea-
sured after a specific time has passed so that the transfer of
heat from the deep area of the human body 2 to the body
surface 2A reaches a steady state.

[0326] It is necessary to determine whether the control
device 44 calculates the surface-layer heat resistance R, or
the temperature T, of the deep area using the temperature
information obtained from the body-surface sensor 31, the
intermediate sensor 32, and the outer surface sensor 33.
Therefore, the control device 44 is provided with a selection
device (not shown). This selection device displays a selec-
tion screen on the display unit 42, for example, to select
either a “body temperature measurement preparation mode”
or a “body temperature measurement mode,” and may be
configured so that the operator 5 can select either of the
modes by operating the operating unit 43. The operator 5
herein selects the body temperature measurement prepara-
tory mode and instructs the control device 44 to calculate the
surface-layer heat resistance R using the temperature infor-
mation.
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[0327] The control device 44 of the display device 4
calculates the temperature distribution To(R) by determining
the constants a, b, and ¢ with the aid of the temperature
distribution calculating device 442 on the basis of the
for-calculation body-surface temperature T, ,,;, the for-cal-
culation intermediate temperature T, ,,, and the for-calcu-
lation outer-surface temperature Ty, sent from the ther-
mometer main body 3 (step S47, temperature distribution
calculating step).

[0328] Next, the display device 4 displays a screen to
request input of the for-calculation deep area body tempera-
ture T, ., which is the temperature of the deep area to
calculate the heat resistance, on the display unit 42. The
operator 5 inputs the measured for-calculation deep area
body temperature T ... by operating the operating unit 43.
The display device 4 thereby acquires the for-calculation
deep area body temperature T, ... (step S48). The for-
calculation deep area body temperature T, . may be mea-
sured with a known thermometer that measures underarm
temperature, oral temperature, or the like, and the for-
calculation body-surface temperature Ty, ,;, the for-calcula-
tion intermediate temperature Ty, and the for-calculation
outer-surface temperature T, must be measured at sub-
stantially the same time.

[0329] The heat resistance calculating device 443 of the
control device 44 calculates the surface-layer heat resistance
R, from the deep area of the human body 2 to the body
surface 2A by substituting the acquired for-calculation deep
area body temperature T, . into the temperature distribu-
tion To(R) calculated by the temperature distribution calcu-
lating device 442 (step S49, heat resistance calculating step).
The control device 44 stores the calculated surface-layer
heat resistance R; in the storage unit 45 (step S50), and
completes body temperature measurement preparation.

[0330] Next, the operation of the thermometer 1 in the
body temperature measurement step will be described for a
case in which the body temperature of the human body 2 is
actually measured in a continuous manner. FIG. 28 is a
flowchart showing the operation of the thermometer 1. In
FIG. 28, when the body temperature of the human body 2
is measured by the thermometer 1, first, similar to the
previously described step S41, the thermometer main body
3 is charged through electromagnetic induction in the
antenna coil 36 by radio waves from the antenna coil 46 of
the display device 4 (step S51). When the sensors 31, 32, and
33 of the thermometer main body 3 are energized (step S52),
the thermometer main body 3 sends a standby signal to the
display device 4 (step S53). The display device 4 thereby
determines whether the thermometer main body 3 has com-
pleted preparations to measure the body temperature, and
reads out the surface-layer heat resistance R, of the human
body 2 from the storage unit 45 (step S54). A body tem-
perature measurement initiation signal is then sent to the
thermometer main body 3 via the transceiver device 41 (step
S535).

[0331] The thermometer main body 3 receives the mea-
surement initiation signal from the display device 4, and
initiates measurement of the body-surface temperature T,
of the body surface 2A with the body-surface sensor 31,
measurement of the intermediate temperature Ty, with the
outer surface sensor 32, and measurement of the outer-
surface temperature Ty, with the outer surface sensor 33
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(step S56, temperature measurement step). The temperature
values Ty, T,,, and T, determined by the sensors 31, 32,
and 33 are converted to digital signals by the A/D converter
34 and are then sent to the display device 4 by the transceiver
device 35.

[0332] 1In order for the control device 44 to calculate the
body temperature of a deep area by using the temperature
information from the body-surface sensor 31, the interme-
diate sensor 32, and the outer surface sensor 33, the “body
temperature measurement mode” must be selected with the
aforementioned selection device.

[0333] The temperature distribution calculating device
442 of the control device 44 calculates the temperature
distribution T(R) from the body-surface temperature T, the
intermediate temperature T, and the outer-surface tempera-
ture T sent from the thermometer main body 3 by the curve
approximation of a polynomial approximation using Eq.
(14) (step S57).

[0334] The deep-area temperature calculating device 441
of the control device 44 calculates the temperature T, of
the deep area on the basis of the surface-layer heat resistance
R, calculated by the heat resistance calculating device 443
and the temperature distribution T(R) calculated by the
temperature distribution calculating device 442 (step S58,
deep area temperature calculation step). The control device
44 stores the temperature T__ . in the storage unit 45 (step
S59) and displays the temperature T,,,, on the display unit
42 (step S60). The operator 5 can confirm the temperature
T on the display unit 42 of the wristwatch-type display

device 4 while holding the infant.

[0335] The control device 44 counts the passage of time
after the body-surface temperature Ty ,, the intermediate
temperature T, ,, and the outer-surface temperature T, , are
measured with an internal timer, and observes whether a
specific time has passed (step S61). If the elapsed time is
equal to or greater than the specific time, the process returns
to step S55, the control device 44 sends a measurement
initiation signal to the thermometer main body 3, and the
body-surface temperature Ty, intermediate temperature
T,,, and outer-surface temperature T, , are measured. Thus,
the body-surface temperature T, ;, the intermediate tempera-
ture T,,, and the outer-surface temperature T,, are mea-
sured, and the temperature T, of the deep area is calcu-
lated and stored in the storage unit 45 at specific time
intervals.

[0336] Since the surface-layer heat resistance R, changes
only slightly except, for example, in special circumstances
such as a sudden change in the type of human body 2, the
temperature distribution T,(R) may be calculated by the
temperature distribution calculating device 442 when the
surface-layer heat resistance R, is calculated, and the sur-
face-layer heat resistance R, may be calculated by the heat
resistance calculating device 443 the first time body tem-
perature measurement is begun. When there is a change in
the heat transfer characteristics of the human body 2, such
as a sudden change in body type, the temperature data T, ___
of the deep area may be acquired again, and the for-
calculation body-surface temperature T, ,, the for-calcula-
tion intermediate temperature T, ;,,, and the for-calculation
outer-surface temperature T, ,, may be measured to calcu-
late the temperature distribution T(R) and the surface-layer
heat resistance R..
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[0337] Also, since there is little variation in the surface-
layer heat resistance R, particular to the human body 2, when
the thermometer 1 is used again, the surface-layer heat
resistance R, previously calculated can be used, and there-
fore the time until body temperature measurement initiation
is started can be shortened for the second and subsequent
measurements. In this case, if the surface-layer heat resis-
tances R, for multiple human bodies 2 are stored in the
storage unit 45, the surface-layer heat resistances R, previ-
ously calculated can be read out and used again by operating
the operating unit 43. In this case, an organism selection may
be made to specify the human body 2 with the aid of the
operating unit 43 whenever the body temperature measure-
ment step is performed.

[0338] According to the seventh embodiment, the follow-
ing effects are achieved in addition to the effects (3), (4), and
(5) in the first embodiment.

[0339] (16) Since the heat resistance calculating device
443 calculates the surface-layer heat resistance R_ on the
basis of the for-calculation deep area body temperature
T by using the temperature distribution T(R) from the
deep area of the human body 2 to the body surface 2A, a
surface-layer heat resistance R corresponding to the heat
transfer characteristics of the human body 2 can be obtained.
Since the deep-area temperature calculating device 441
calculates the temperature T, of the deep area on the basis
of the surface-layer heat resistance R_, the body temperature
T, of the deep area can be accurately calculated according
to the heat transfer characteristics of the human body 2
without being affected by the differences in the type of
human body 2 or the like.

[0340] Also, since the relationship between heat resistance
and temperature from the deep area of the human body 2 to
the outside air is calculated as the temperature distribution
T(R), and the surface-layer heat resistance R, of the human
body 2 is calculated using this temperature distribution T(R),
the configuration of the thermometer 1 can be simplified
because there is no need for a heater or other such heating
device to be used for canceling out the heat flow as in a
conventional thermometer. Size reduction in the thermom-
eter 1 can thereby be further facilitated. Since there is no
need for a conventional heating device, reduced power
consumption in the thermometer 1 can be facilitated, and the
safety and handling of the thermometer 1 can be improved
because the thermometer 1 can be safely attached to the
body surface 2A for a long period of time.

[0341] (17) Since the temperature is measured at three
locations by the body-surface sensor 31, the intermediate
sensor 32, and the outer surface sensor 33, and the tempera-
ture distribution T(R) is determined by curve approximation
as a polynomial approximation formula, the actual move-
ment of heat can be more accurately approximated than
when the relationship between heat resistance and tempera-
ture is determined by linear approximation from two mea-
sured locations, for example. Therefore, the body tempera-
ture of the deep area of the human body 2 can be more
accurately calculated. Since the temperature of the deep area
of the human body 2 can be accurately calculated by
measuring the temperature with the three sensors 31, 32, and
33 of the thermometer main body 3 attached to the body
surface 2A of the human body 2, body temperature can be
measured with a simple operation, and the handling of the
thermometer 1 can be improved.

Mar. 16, 2006

[0342] (18) Since the surface-layer heat resistance R is
stored in the storage unit 45, the stored surface-layer heat
resistance R, can be read out in the body temperature
measuring step. Therefore, there is no need to perform
continuously the body temperature measurement prepara-
tory step or the body temperature measurement step, and the
surface-layer heat resistance R, can be calculated in
advance. Therefore, the handling of the thermometer 1 can
be improved, and the measuring time in the body tempera-
ture measurement step can be shortened. Also, the storage
unit 45 can store the surface-layer heat resistances R, for
multiple human bodies 2, the thermometer 1 can therefore be
used alternately among multiple people, and the conve-
nience of the thermometer 1 can be improved.

[0343] The present invention is not limited to the embodi-
ments previously described, and the present invention
includes modifications, improvements, and the like within a
range in which the objectives of the present invention can be
achieved.

Modification 1

[0344] In the first embodiment, the deep-area temperature
calculating device is not limited to one that stores Eq. (6) as
an arithmetic formula and calculates the temperature T of
the deep area directly from the first body-surface tempera-
ture T, ,, the first intermediate temperature T, ,, the second
body-surface temperature Ty, and the second intermediate
temperature T, ,. For example, the device may be configured
to determine the heat flux Q from the deep area of the human
body to the outside air, and the heat resistance R +R, of the
area that extends from the deep area of the human body to
the body surface, and to calculate the temperature T, of

the deep area using the heat flux Q and the heat resistance
R+R.

[0345] FIG. 29 is a view of a block diagram showing a
modification of the thermometer of the first embodiment of
the present invention. As shown in FIG. 29, the control
device 44, in addition to the deep-area temperature calcu-
lating device 441, also includes a heat flux calculating
device 444 that calculates the heat fluxes Q_; and Q_, from
the body surface 2A to the interfaces 301A and 301B on the
basis of the body-surface temperature and the intermediate
temperature, and a heat resistance calculating device 443
that calculates the surface-layer heat resistance R +R, of the
area that extends from the deep area of the human body 2 to
the body surface 2A on the basis of the heat fluxes Q,; and
Q,,, calculated by the heat flux calculating device 444. Also,
the deep-area temperature calculating device 441 is config-
ured to calculate the temperature T, of the deep area of the
human body 2 on the basis of the heat resistance R_+R,
calculated by the heat resistance calculating device 443.

[0346] The heat flux calculating device 444 calculates heat
fluxes Q,; and Q,, flowing between the body surface 2A and
the interfaces 301A and 301B from the first body-surface
temperature T,, and the second body-surface temperature
T_ measured by the body-surface sensors 31A and 31B, and
the first intermediate temperature T, and the second inter-
mediate temperature T, , measured by the intermediate sen-
sors 32A and 32B.

[0347] Specifically, arithmetic formulas expressed by Eq.
(1) above and Eq. (15) below are stored in the heat flux
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calculating device 444, and the heat fluxes Q_; and Q,, are
calculated according to these arithmetic formulas.

,_ Tb3-Thd (15)
Qu2=—p5—
[0348] From Eq. (4) and Eq. (5) of the first embodiment,

the temperature T__ . of the deep area is expressed by Eq.
(16) and Eq. (17) below.

Teore=Qul-(Rs+Rt)+Tb1 (16)
Teore=Qu2-(Rs+Rt)+Tb3 %)}
[0349] The heat resistance R_+R, in the area that extends

from the deep area of the human body 2 to the body surface
2A is expressed by Eq. (18) below, from Eq. (16) and Eg.

7).

Rst Rie Tb3 - Tb1 (18)
sHAI= Qul—Qu2
[0350] Therefore, Eq. (18) is stored in the heat resistance

calculating device 443. Based on this arithmetic formula, the
heat resistance calculating device 443 calculates the surface-
layer heat resistance R_+R, of the area that extends from the
deep area of the human body 2 to the body surface 2A, using
the determined heat fluxes Q,; and Q..

[0351] Either Eq. (16) or Eq. (17) is stored in the deep-area
temperature calculating device 441. When the temperature
T  of the deep arca of the human body 2 is actually
calculated, the deep-area temperature calculating device 441
uses the surface-layer heat resistance R_+R, calculated by the
heat resistance calculating device 443 to calculate the tem-
perature of the deep area from the body-surface temperature
and the intermediate temperature used in the stored formula.

[0352] In other words, in cases in which, for example, Eq.
(16) is stored in the deep-area temperature calculating
device 441, the temperature T__ . of the deep area may be
calculated using the heat resistance R, as well as the first
body-surface temperature Ty; and the first intermediate
temperature T, , obtained from the body-surface sensor 31A.

[0353] With such a structure of the control device 44, a
surface-layer heat resistance R +R, corresponding to the heat
transfer characteristics of the human body 2 can be obtained,
and the temperature T . of the deep area can therefore be
accurately calculated according to the heat transfer charac-
teristics of the human body 2 without being affected by
differences in the type of human body 2.

[0354] Since the surface-layer heat resistance R +R,
changes only slightly except, for example, in special cir-
cumstances such as a sudden change in the type of human
body 2, the heat flux Q,,, may be calculated by the heat flux
calculating device 444 and the surface-layer heat resistance
R +R, may be calculated by the heat resistance calculating
device 443 the first time body temperature measurement is
begun. In this case, for example, the calculated surface-layer
heat resistance R +R, may be stored in the storage unit 45,
and the surface-layer heat resistance R +R, may be read out
from the storage unit 45 and used whenever the temperature
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of the deep area is calculated by the deep-area temperature
calculating device 441 from the body-surface temperature
and the intermediate temperature.

[0355] When there is a change in the heat transfer char-
acteristics of the human body 2, such as a sudden change in
the body type, the first body-surface temperature T,, and
second body-surface temperature T, 5, as well as the first
intermediate temperature T, , and second intermediate tem-
perature T,, may be measured again by the body-surface
sensors 31A and 31B and the intermediate sensors 32A and
32B to calculate the heat fluxes Q,; and Q,, and the
surface-layer heat resistance R +R,.

[0356] Also, since there is little variation in the surface-
layer heat resistance R_+R, particular to the human body 2,
when the thermometer 1 is used again, the surface-layer heat
resistance R +R, previously calculated can be used, and
therefore the time until body temperature measurement
initiation is started can be shortened for the second and
subsequent measurements. In this case, if the surface-layer
heat resistances R +R, for multiple human bodies 2 are
stored in the storage unit 45, the surface-layer heat resis-
tances R_+R, previously calculated can be read out and used
again by operating the operating unit 43. In this case, an
organism selection may be made to specify the human body
2 with the aid of the operating unit 43 whenever the body
temperature measurement step is performed.

[0357] The reference temperature measuring unit is not
limited to a case in which the first reference temperature
measuring unit and second reference temperature measuring
unit constitute an intermediate temperature measuring
device, and at least either of these may be configured as an
intermediate temperature measuring device. Also, the refer-
ence temperature measuring unit is not limited to an inter-
mediate temperature measuring device for measuring the
intermediate temperature, and may be an outer-surface tem-
perature measuring device for measuring the outer-surface
temperature.

[0358] The body-surface temperature measuring devices
and the reference temperature measuring units are not lim-
ited to two each, and three or more may be provided.

Modification 2

[0359] The deep-area temperature calculating device is
not limited to one that stores Eq. (11) as an arithmetic
formula in the manner adopted in the second embodiment
and calculates the temperature T, _ . of the deep area directly
from the first body-surface temperature T, the first outer-
surface temperature T, ,, the second body-surface tempera-
ture T, 5, the second outer-surface temperature T, ,, and the
ratio o between the first heat resistance R ; and the second
heat resistance R ,. For example, the device may be con-
figured to determine the heat flux Q from the deep area of the
human body to the outside air, and the heat resistance R_+R,
of the area that extends from the deep area of the human
body to the body surface, and to calculate the temperature
T__of the deep area using the heat flux Q and the heat
resistance R _+R,.

[0360] FIG. 30 is a view of a block diagram of a modi-
fication of the thermometer of the present invention. As
shown in FIG. 30, the control device 44, in addition to the
deep-area temperature calculating device 441, also includes
a heat flux calculating device 444 that calculates the heat
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fluxes Q,; and Q,, from the body surface 2A to the outer
surfaces 302A and 302B on the basis of the body-surface
temperature and the outer-surface temperature, and a heat
resistance calculating device 443 that calculates the surface-
layer heat resistance R_+R, of the area that extends from the
deep area of the human body 2 to the body surface 2A on the
basis of the heat fluxes Q,; and Q,, calculated by the heat
flux calculating device 444. Also, the deep-area temperature
calculating device 441 is configured to calculate the tem-
perature T, of the deep area of the human body 2 on the
basis of the heat resistance R_+R, calculated by the heat
resistance calculating device 443.

[0361] The heat flux calculating device 444 calculates heat
fluxes Q,; and Q,, flowing between the body surface 2A and
the outer surfaces 302A and 302B, the calculation being
based on the first body-surface temperature Ty; and the
second body-surface temperature T, ; measured by the body-
surface sensors 31A and 31B, and on the first outer-surface
temperature T, and the second outer-surface temperature
T , measured by the outer surface sensors 33A and 33B.

[0362] Specifically, arithmetic formulas expressed by Eq.
(7) above and Eq. (19) below are stored in the heat flux
calculating device 444, and the heat fluxes Q,, and Q,, are
calculated using these arithmetic formulas.

_Tb3-Th4 19

2
Qu Ru?

[0363] From Eg. (9) and Eq. (10) of the second embodi-
ment, the temperature T, . of the deep area is expressed by
Eq. (20) and Eq. (21) below.

Teore=Qul-(Rs+Rt)+Tb1 (20
Teore=Qu2-(Rs+Rt)+Th3 (21)
[0364] The heat resistance R_+R, in the area that extends

from the deep area of the human body 2 to the body surface
2A is expressed by Eq. (22) below, from Eq. (20) and Eg.

@1).

Th3 - Th1 22)
Rs+ Rr =
Qul - Qu2
[0365] Therefore, Eq. (22) is stored in the heat resistance

calculating device 443. Based on this arithmetic formula, the
heat resistance calculating device 443 calculates the surface-
layer heat resistance R_+R, of the area that extends from the
deep area of the human body 2 to the body surface 2A, using
the calculated heat fluxes Q,; and Q.

[0366] Either Eq. (20) or Eq. (21) is stored in the deep-area
temperature calculating device 441. When the temperature
T __ of the deep area of the human body 2 is actually
calculated, the deep-area temperature calculating device 441
uses the surface-layer heat resistance R_+R, calculated by the
heat resistance calculating device 443 to calculate the tem-
perature of the deep area from the body-surface temperature
obtained by the body-surface sensors 31A and 31B and from
the outer-surface temperature obtained by the outer surface
sensors 33A and 33B.
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[0367] In other words, in cases in which, for example, Eq.
(21) is stored in the deep-area temperature calculating
device 441, the temperature T__,. of the deep area may be
calculated using the first heat resistance R, as well as the
first body-surface temperature T, ; and the first outer-surface
temperature T, , obtained from the body-surface sensor 31A.

[0368] With such a structure of the control device 44, a
surface-layer heat resistance R_+R, corresponding to the heat
transfer characteristics of the human body 2 can be obtained,
and the temperature T, of the deep area can therefore be
accurately calculated according to the heat transfer charac-
teristics of the human body 2 without being affected by
differences in the type of human body 2.

[0369] Since the surface-layer heat resistance R_+R,
change only slightly except, for example, in special circum-
stances such as a sudden change in the type of human body
2, the heat flux Q_,, may be calculated by the heat flux
calculating device 444, and the surface-layer heat resistance
R +R, may be calculated by the heat resistance calculating
device 443 the first time body temperature measurement is
begun. In this case, for example, the calculated surface-layer
heat resistance R_+R, may be stored in the storage unit 45,
and the surface-layer heat resistance R_+R, may be read out
from the storage unit 45 and used whenever the temperature
of the deep area is calculated by the deep-area temperature
calculating device 441 from the body-surface temperature
and the outer-surface temperature.

[0370] When there is a change in the heat transfer char-
acteristics of the human body 2, such as a sudden change in
the body type, the first body-surface temperature T,; and
second body-surface temperature T, 5, as well as the first
outer-surface temperature Ty, and second outer-surface tem-
perature T, may be measured again by the body-surface
sensors 31A and 31B and the outer surface sensors 33A and
33B to calculate the heat fluxes Q,; and Q., and the
surface-layer heat resistance R +R,.

[0371] Also, since there is little variation in the surface-
layer heat resistance R_+R, particular to the human body 2,
when the thermometer 1 is used again, the surface-layer heat
resistance R +R, previously calculated can be used, and
therefore the time until body temperature measurement
initiation is started can be shortened for the second and
subsequent measurements. In this case, if the surface-layer
heat resistances R +R, for multiple human bodies 2 are
stored in the storage unit 45, the surface-layer heat resis-
tances R_+R, previously calculated can be read out and used
again by operating the operating unit 43. In this case, an
organism selection may be made to specify the human body
2 with the aid of the operating unit 43 whenever the body
temperature measurement step is performed.

Modification 3

[0372] In the sixth embodiment, the heat resistance cal-
culating device is not limited to one that determines the
surface-layer heat resistance by using the body-surface
temperature and the outer-surface temperature, and may
determine the heat resistance from the body-surface tem-
perature and the outside-air temperature.

[0373] FIG. 31 shows a block diagram of a modification
of the thermometer 1 of the sixth embodiment. As shown in
FIG. 31, the thermometer main body 3 is provided with a
body-surface sensor 31, an A/D converter 34, and a trans-
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ceiver device 35. The display device 4 is provided, similar
to the sixth embodiment, with a transceiver device 41, a
display unit 42, an operating unit 43, a control device 44, and
a storage unit 45, and, additionally, an outside air sensor 47
as a reference temperature measuring unit (outside-air tem-
perature measuring device) for measuring the outside-air
temperature, and an A/D converter 48. The outside air sensor
47 and the A/D converter 48 have the same configuration as
the outer surface sensor 33 and the A/D converter 34 of the
sixth embodiment.

[0374] In the thermometer 1, the outside air sensor 47
measures the outside-air temperature T, . Therefore, the
surface-layer heat resistance R_+R, is calculated by the heat
flux calculating device 444 according to the following
formula on the basis of the for-calculation body-surface
temperature T, ., and the for-calculation outside-air tem-
perature Ty, in FIG. 19.

1o, core = To b1

R+ R = “(Ry + Rv)

70,1 = To,amp

[0375] In this configuration, the outside air sensor 47 is
provided to the display device 4, and the number of com-
ponents in the thermometer main body 3 can therefore be
further reduced, whereby the thermometer main body 3 can
be additionally reduced in weight and size. Also, the outside
air sensor 47 measures the outside-air temperature T,
instead of measuring the outer surface 30 of the thermometer
main body 3, and a more stable temperature can therefore be
measured.

[0376] In the first and fifth embodiments, the temperature
measuring devices 3A and 3B are formed integrally on one
thermal insulating material 37, but the thermal insulating
material 37 may also be divided in two and the temperature
measuring devices 3A and 3B may be formed separately.

[0377] In the fourth and seventh embodiments, the mea-
suring units are not limited to the body surface, the inter-
mediate area, and the outer surface, but may also constitute
a plurality (at least three) of clements so that a curve
approximation can be made. Also, the positions of the
measuring units are not limited to the body surface or the
outer surface, and can constitute any arbitrary positions. In
the case that four or more measuring units are provided, a
polynomial expression whose order is increased in propor-
tion to the number of measuring units may be used as the
temperature distribution function when the temperature dis-
tribution is calculated.

[0378] Logarithms are not necessary to calculate a tem-
perature distribution, and merely performing an approxima-
tion as a polynomial expression with an increased order may
be employed, as shown in the following formula, for
example.

[0379] Also, the curve approximation is not limited to a
polynomial approximation and may also include logarithm
approximation, exponential approximation, or other types of
approximations.
T(R)=a+bR+cR*

[0380] In the first embodiment, the heat flux was adjusted
using the thermal insulating material 38A and thermal
insulating material 38B, but the heat flux can also be
adjusted using a heater.
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[0381] In the fifth embodiment, the temperature measuring
devices 3A and 3B had a common thermal insulating mate-
rial 37, but such a configuration is not an absolute necessity,
and the total heat resistances of the temperature measuring
devices 3A and 3B may be different. Therefore, the tem-
perature measuring devices may be configured, for example,
from two thermal insulating materials with different heat
resistances, and the measuring units may be disposed at
positions on these thermal insulating materials at which the
measuring units corresponding to the temperature measuring
devices have the same heat resistances from the body
surface.

[0382] In the sixth embodiment, the for-calculation deep-
area temperature was measured with a known thermometer
and was input by the operator 5 into the control device 44 by
operating the operating unit 43 of the display device 4, but
the present invention is not limited to this option alone.
Since the display device 4 includes a transceiver device 41,
for example, the for-calculation deep-area temperature mea-
sured with a known thermometer may also be received by
the transceiver device 41 via wireless communication. In
this case, the body temperature measuring operation can be
simplified because there is no need for the operator 5 to input
the for-calculation deep-area temperature. Also, since the
for-calculation deep-area temperature is acquired (received)
by a communication device that uses an originally present
transceiver device 41, the configuration of the thermometer
1 can be prevented from becoming complicated. Therefore,
size reduction in the thermometer 1 can be facilitated
because the number of structural components in the ther-
mometer 1 can be prevented from increasing.

[0383] In the case that the thermometer main body and the
display device are configured integrally instead of sepa-
rately, a reception device may be provided separately from
the thermometer for receiving the for-calculation deep-area
temperature via wireless communication.

[0384] In the previous embodiments, the transceiver
device is not limited to wireless communication with an
antenna, and the thermometer main body and display device
may be wired and operated by wired communication, for
example. In such a configuration, there is no need for radio
communication, and the effects of radio waves on the human
body can therefore be eliminated. The configuration for
electric power supply can be simplified because electricity
can be supplied to the thermometer main body through the
wires.

[0385] An A/D converter to convert analog temperature
signals to digital signals was provided, but the configuration
is not limited to this option alone and may be devoid of an
A/D converter. In this case, it is possible, for example, to use
a converter to convert temperature to frequency, and the
temperature that has been converted to resistance or voltage
can be subjected to frequency conversion by a multivibrator
circuit, an oscillating circuit, a V-F encoder, or the like. Also,
the temperature values may be converted to time. In this
case, the signals converted to frequencies should be further
converted to periodic time intervals or pulse width.

[0386] The thermometer is not limited to one in which the
display device and the thermometer main body are provided
as separate elements, and the display device and thermom-
eter main body may be configured integrally.

[0387] The thermometer may be configured so that when
the display device 4 and the thermometer main body 3 are
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provided separately as in the previous embodiments, the
display device 4 manages information from a plurality of
thermometer main bodies 3. In this case, an ID code or the
like whereby the thermometer main bodies 3 can be distin-
guished may be provided, and the configuration should be
designed so that the thermometer main bodies 3 can be
identified and managed by the display device 4.

[0388] The thermometer information may be sent to a
computer terminal or the like to manage the information
about a plurality of thermometers. In this case, operability is
improved because the body temperature data and the like for
each organism can be stored and managed in the computer
terminal. Also, with such a configuration, the thermometer
can be made more convenient because previously calculated
body temperature data and the like can be acquired from the
computer terminal when a different thermometer is used.

[0389] In the previous embodiments, the thermometer
main body 3 was capable of being attached by an adhesive,
but the present invention is not limited to this option alone.
In cases in which the thermometer main body 3 is incorpo-
rated into a hat or hair band, for example, the body-surface
temperature measuring device can be attached to the fore-
head or back of the neck and brought into contact with the
body surface when the hat or hair band is worn. Also, if the
thermometer main body is incorporated into undergarments
or the like, the body temperature measuring device can be
brought into contact with the back or chest when the
undergarments are worn.

[0390] The shape of the display device is not limited to a
wristwatch, and may be a stationary object or in the form of
a pendant, for example.

[0391] The preferred configurations, methods, and other
aspects employed in order to carry out the present invention
were disclosed in the above descriptions, but the present
invention is not limited to these options alone. Specifically,
the present invention is particularly illustrated and described
primarily with reference to specific embodiments, but those
skilled in the art can make various modifications to the
shapes, materials, quantities, and other specific details of the
embodiments described above without deviating from the
scope of the technical ideas and objects of the present
invention.

[0392] Therefore, the descriptions that are disclosed above
with reference to limited shapes, materials, and other aspects
are given solely with the intent of making the present
invention easy to understand and are not intended to limit the
present invention. For this reason, descriptions that contain
names of members in which some or all of the afore-
described limitations on shapes, materials, and other items
have been removed are also included in the present inven-
tion.

[0393] The term “configured” as used herein to describe a
component, section or part of a device includes hardware
and/or software that is constructed and/or programmed to
carry out the desired function.

[0394] Moreover, terms that are expressed as “means-plus
function” in the claims should include any structure that can
be utilized to carry out the function of that part of the present
invention.

[0395] The terms of degree such as “substantially,
7“about,” and “approximately” as used herein mean a rea-
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sonable amount of deviation of the modified term such that
the end result is not significantly changed. For example,
these terms can be construed as including a deviation of at
least +5% of the modified term if this deviation would not
negate the meaning of the word it modifies.

[0396] While only selected embodiments have been cho-
sen to illustrate the present invention, it will be apparent to
those skilled in the art from this disclosure that various
changes and modifications can be made herein without
departing from the scope of the invention as defined in the
appended claims. Furthermore, the foregoing descriptions of
the embodiments according to the present invention are
provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents. Thus, the scope of the invention is not
limited to the disclosed embodiments.

What is claimed is:
1. A thermometer comprising:

first temperature measuring device being configured to
contact a first body surface of an organism, said first
temperature measuring device having

a first base temperature measuring unit to measure a
first base temperature from said first body surface at
a first base temperature measuring position having a
first heat resistance, and

a first heat flux measuring unit to measure a first heat
flux at said first base temperature measuring posi-
tion;

second temperature measuring device being configured to
contact a second body surface at a position different
from said first body surface, said second temperature
measuring device having

a second base temperature measuring unit to measure a
second base temperature from said second body
surface at a second base temperature measuring
position having a second heat resistance having an
unknown ratio to said first heat resistance, and

a second heat flux measuring unit to measure a second
heat flux at said second base temperature measuring
position;

a heat flux adjusting device being configured to set said
first heat flux and said second heat flux at different
values; and

a deep-area temperature calculating device being config-
ured to calculate the temperature of a deep area in the
organism using the ratios of said first and second base
temperatures, said first and second heat flux, and said
first and second heat resistance.

2. The thermometer according to claim 1, wherein

said first temperature measuring device has a first refer-
ence temperature measuring unit to measure the tem-
perature of a first reference temperature measuring
position where the heat resistance from said first body
surface is different from said first heat resistance as a
first reference temperature,

said second temperature measuring device has a second
reference temperature measuring unit to measure the
temperature of a second reference temperature measur-
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ing position where the heat resistance from said second
body surface is different from said second heat resis-
tance as a second reference temperature,

said first heat flux measuring unit calculates said first heat
flux on the basis of said first base temperature, said first
reference temperature, and said heat resistance between
said first base temperature measuring position and said
first reference temperature measuring position,

said second heat flux measuring unit calculates said
second heat flux on the basis of said second base
temperature, said second reference temperature, and
heat resistance between said second base temperature
measuring position and said second reference tempera-
ture measuring position, and

a ratio of the heat resistance between said first base
temperature measuring position and said first reference
temperature measuring position, and said heat resis-
tance between said second base temperature measuring
position and said second reference temperature mea-
suring position is known.

3. The thermometer according to claim 2, wherein

thermal insulating materials having a common heat resis-
tance are disposed between said first base temperature
measuring position and said first reference temperature
measuring position, and between said second base
temperature measuring position and said second refer-
ence temperature measuring position, and

said heat flux adjusting device has a first thermal insu-
lating material disposed between said first reference
temperature measuring position and the outside air, and
a second thermal insulating material disposed between
said second reference temperature measuring position
and the outside air and provided with a different heat
resistance from the heat resistance of said first thermal
insulating material.

4. The thermometer according to claim 2, wherein
said heat flux adjustment device has

a first thermal insulating material disposed between
said first base temperature measuring position and
said first reference temperature measuring position,
and

a second thermal insulating material disposed between
said second base temperature measuring position and
said second reference temperature measuring posi-
tion, and wherein

said first thermal insulating material and said second
thermal insulating material have a common thermal
conductivity and cross section, and

a thickness of said first thermal insulating material and
a thickness of said second thermal insulating mate-
rial are different.

5. The thermometer according to claim 2, wherein

said first heat resistance and said second heat resistance
are the same, and
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a formula,

{Tb3-(Tb1 - Tb2)— a-Tb1-(TH3 - TH4)}
Teore = >

{(Tbl - Th2) — a- (T3 - Th4)}

is stored in said deep-area temperature calculating device
to calculate a temperature T, of said deep area, Ty,
is a first base temperature, T, is a first reference
temperature, Ty 5 is a second base temperature, T, , is a
second reference temperature, and o is a ratio of heat
resistance between said first base temperature measur-
ing position and said first reference temperature mea-
suring position, and the heat resistance between said
second base temperature measuring position and said
second reference temperature measuring position.

6. A thermometer comprising;

a first temperature measuring device being configured to
contact a first body surface of an organism, said first
temperature measuring device being configured from a
plurality of measuring units configured to measure
temperature at positions having mutually different heat
resistances from said first body surface;

a second temperature measuring device being configured
to contact a second body surface at a position different
from said first body surface, said second temperature
measuring device being configured from a plurality of
measuring units configured to measure temperature at
positions having mutually different heat resistances
from said second body surface;

a heat flux adjusting device being configured to set a heat
flux of said first temperature measuring device and a
heat flux of said second temperature measuring device
at different values;

a temperature distribution calculating device being con-
figured to calculate a first temperature distribution from
a curve approximation using temperatures determined
by measuring units of said first temperature measuring
device and heat resistances in said measuring units,
said temperature distribution calculating device being
configured to calculate a second temperature distribu-
tion from a curve approximation using the temperatures
determined by said measuring units of said second
temperature measuring means and heat resistances in
said measuring units; and

a deep-area temperature calculating device being config-
ured to calculate the temperature of a deep area in the
organism from said first temperature distribution and
said second temperature distribution.

7. The thermometer according to claim 6, wherein

said temperature distribution calculating device is config-
ured to calculate the temperature distributions by poly-
nomial approximations.

8. The thermometer according to claim 6, wherein

at least one of said measuring units contacts said body
surface of the organism and measures the temperature
of said body surface.
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9. The thermometer according to claim 6, further com-

prising

a display device having a display unit to display the
temperature of said deep area calculated by said deep-
area temperature calculating device, and

a thermometer main body having a first temperature
measuring device and a second temperature measuring
device, wherein

said display device and said thermometer main body are
configured as separate units.
10. The thermometer according to claim 9, wherein

said deep-area temperature calculating device is provided
on or in said display device.
11. The thermometer according to claim 9, wherein

said display device and said thermometer main body both
have a transceiver configured to exchange information
with each other by wireless communication.

12. A thermometer, comprising:

a base temperature measuring unit being configured to
measure the base temperature from the body surface of
an organism at a specific base temperature measuring
position;

a heat flux measuring unit being configured to measure
heat flux at said base temperature measuring position,;

a heat resistance calculating device being configured to
calculate a surface-layer heat resistance from a deep
area in the organism to said base temperature measur-
ing position based on a for-calculation deep-area tem-
perature of said deep area in the organism measured at
the same time as a for-calculation base temperature
measured by said base temperature measuring unit and
a for-calculation heat flux measured by said heat flux
measuring unit;

a storage device being configured to store surface heat
resistance calculated by said heat resistance calculating
device; and

a deep-area temperature calculating device being config-
ured to calculate the temperature of said deep area
using said base temperature measured by said base
temperature measuring unit, said heat flux measured by
said heat flux measuring unit, and said surface-layer
heat resistance stored in said storage device during
body temperature measurement.

13. The thermometer according to claim 12, wherein

said heat flux measuring unit has a reference temperature
measuring unit to measure, as a reference temperature,
the temperature at said reference temperature measur-
ing position, which is different from said base tempera-
ture measuring position, wherein the heat resistance
between the base temperature measuring position is
known, and

said heat flux value is measured based on said base
temperature, said reference temperature, and known
heat resistance.

14. A thermometer comprising:

a temperature measuring device being configured to con-
tact a body surface of an organism, said temperature
measuring device being configured from a plurality of
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measuring units configured to measure the temperature
at positions having mutually different heat resistances
from said body surface;

a temperature distribution calculating device being con-
figured to calculate a relationship between heat resis-
tance and temperature as a temperature distribution
from a curve approximation using the temperature
determined by said temperature measuring means and
a plurality of heat resistances;

a deep-area temperature calculating device being config-
ured to calculate the temperature of a deep area in the
organism using said temperature distribution obtained
by said temperature distribution calculating device;

a heat resistance calculating device being configured to
calculate surface heat resistance from said deep area in
the organism to a measuring unit nearest to said body
surface by performing a curve approximation using the
temperature determined by said temperature measuring
device, said heat resistance, and a for-calculation deep-
area temperature of said deep area in the organism
measured at the same time as the temperature; and

a storage device being configured to store said surface
heat resistance calculated by said heat resistance cal-
culating device,

said deep-area temperature calculating device being con-
figured to calculate the temperature of said deep area of
the organism using said temperature calculated by said
temperature distribution calculating device and said
surface heat resistance stored in said storage device.

15. The thermometer according to claim 14, wherein

said temperature distribution calculating device is config-
ured to calculate said 20 temperature distribution by
polynomial approximation.

16. The thermometer according to claim 15, wherein

at least one of said measuring units contacts said body
surface of the organism and measures the temperature
of said body surface.

17. The thermometer according to claims 12, further

comprising

a display device having a display unit to display the
temperature of said deep area calculated by said deep-
area temperature calculating device, and

a thermometer main body having said first temperature
measuring device and said second temperature measur-
ing device, wherein

said display device and said thermometer main body are
configured as separate units.

18. The thermometer according to claim 17, wherein

said heat resistance calculating device and said deep-area
temperature calculating device are provided in or on
said display device.

19. The thermometer according to claim 18, wherein

said display device and said thermometer main body both

include a transceiver capable of exchanging informa-
tion with each other by wireless communication.
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20. The thermometer according to claim 19, wherein

said transceiver is configured to receive information about
for-calculation deep-area temperature measured by a
known thermometer.

21. The thermometer according to claim 14, wherein

said storage device is configured to store the surface heat
resistance for multiple organisms.
22. The thermometer according to claim 14, wherein

said thermometer main body is configured to be attached
to said body surface of an organism.
23. An electronic device having the thermometer accord-
ing to claim 14.
24. A method for measuring body temperature in a deep
area in an organism, comprising:

measuring a first base temperature at a first base tempera-
ture measuring position having a first heat resistance
from a first body surface of the organism;

measuring a first heat flux at the first base temperature
measuring position;

measuring a second base temperature at a second base
temperature measuring position having a second heat
resistance whose ratio to the first heat resistance is
known from a second body surface that is different
from the first body surface;

measuring a second heat flux at the second base tempera-
ture measuring position; and

calculating a deep-area temperature in the organism using
the ratios of the first and second base temperatures, the
first and second heat fluxes, and the first and second
heat resistance.
25. The body temperature measuring method according to
claim 24, wherein

measuring the first heat flux such that the temperature at
a first reference temperature measuring position, where
the heat resistance from the first body surface is dif-
ferent from the first heat resistance, is measured as the
first reference temperature, and the first heat flux is
calculated based on the first base temperature, the first
reference temperature, and the heat flux value between
the first base temperature measuring position and the
first reference temperature measuring position, and

measuring the second heat flux such that the temperature
at a second reference temperature measuring position,
where the heat resistance from the second body surface
is different from the second heat resistance, is measured
as the second reference temperature, and the second
heat flux is calculated based on the second base tem-
perature, the second reference temperature, and the heat
flux value between the second base temperature mea-
suring position and the second reference temperature
measuring position.
26. The method for measuring body temperature accord-
ing to claim 24, wherein

the first heat resistance and the second heat resistance
have the same value, and

calculating the deep area temperature, the temperature
T__ of the deep area is calculated by the formula
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{Tb3-(Tb] - Th2)— a- Th1 - (T3 - Th4)}

Tcore = {(TbI = T62)— - (Tb3 — Thd)}

where T,; is a first base temperature, T,, is a first
reference temperature, T, 5 is a second base tempera-
ture, T, , is a second reference temperature, and o is the
ratio of the heat resistance between the first base
temperature measuring position and the first reference
temperature measuring position, and the heat resistance
between the second base temperature measuring posi-
tion and the second reference temperature measuring
position.

27. A method for measuring body temperature in a deep

area in an organism, comprising:

calculating and storing a surface-layer heat resistance
from a deep area in the organism to a base temperature
measuring position; and

calculating the temperature of the deep area using the
surface-layer heat resistance,

calculating and storing the surface-layer heat resistance
includes measuring the for-calculation base tempera-
ture of the organism, measuring the for-calculation heat
flux at the base temperature measuring position, calcu-
lating the surface heat resistance from the deep area in
the organism to the base temperature measuring posi-
tion on the basis of the for-calculation deep-area tem-
perature of the deep area in the organism measured at
the same time as the for-calculation base temperature
and the for-calculation heat flux, and storing the surface
heat resistance calculated in the heat resistance calcu-
lation step; and

calculating the temperature of the deep area includes the
base temperature, measuring the heat flux, and calcu-
lating the temperature of the deep area on the basis of
the base temperature, the heat flux, and the surface heat
resistance stored in the storage step.
28. The method for measuring body temperature accord-
ing to claim 27, wherein

measuring the heat flux such that the temperature at a
reference temperature measuring position, which is
different than the base temperature measuring position
and has a known heat resistance with respect to the base
temperature measuring position, is measured as a ref-
erence temperature, and

the heat flux value is calculated based on the base tem-
perature, the reference temperature, and the known heat
resistance.
29. A method for measuring body temperature in a deep
area of an organism, comprising:

measuring the temperature at positions having mutually
different heat resistances from the body surface of the
organism,
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calculating the relationship between heat resistance and calculating the temperature in a deep area of the organism
temperature as a temperature distribution by curve using the temperature distribution calculated in the
approximation using the multiple heat resistances and a temperature distribution calculating step.

plurality of temperatures previously measured; and X ok ok k¥
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