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1
ELECTRONIC CLINICAL THERMOMETER

BACKGROUND OF THE INVENTION

This invention relates to an electronic thermometer for
estimating the temperature at an inner position of a live body
based on temperature data taken on the body surface. More
particularly, the invention relates to such an electronic
thermometer using a heat transfer equation for making such
an estimate.

When a conventional clinical thermometer such as a
mercury thermometer is used to measure the temperature of
a body by having it held under an arm or the tongue, the
thermometer must be kept in that position until a thermal
equilibrium is reached between the internal body position of
interest and the surface temperature.

Japanese Patent Publication Tokko Hei 7-119656 B2
disclosed a method of using an equation for estimating the
change in temperature while reaching an equilibrium and
regarding such an equilibrium temperature as the body
temperature.

It is desirable, however, to measure the internal body
temperature of a patient directly. International Patent Pub-
lication W0O-9850766 disclosed an electronic thermometer
based on a method published in “Engineering of Heat
Conduction” (at page 90) by Masahiro Shoji (published by
Tokyo University). According to this method, temperatures
are measured at two different positions and the temperature
at a third position outside the region of the two positions is
estimated. What is desired, however, is an electronic ther-
mometer for measuring not a surface temperature but an
inner temperature.

If the measurement cannot be taken until a thermal
equilibrium is reached between the surface and inner
temperatures, it takes as long as 10 minutes until the
measurement can be taken. This wait time can be reduced by
a method of estimating the inner temperature from the
manner in which temperature changes to reach the
equilibrium, but it still takes about 90 seconds. This method
cannot fully take into account individual variations among
patients or environmental changes.

As for the method according to International Patent
Publication WO-9850766, since it is based on temperature
changes due to conduction of heat from a live body, the
thermometer must be removed from the live body for
repeated measurements.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an
electronic clinical thermometer capable of accurately and
quickly estimate the internal body temperature of a live body
at a desired timing,.

In view of the above and other objects of this invention,
the temperature on an external surface of a target body is
measured directly on real time according to this invention
and the body temperature at a normally inaccessible internal
position of the body is estimated on the basis of values thus
obtained. For this purpose, a heat transfer equation is solved
in reverse. Such an equation is solved as a lower-order
equation such as a first-order differential equation including
measurable physical quantities such as the body surface
temperature and the heat flux as variables. The desired
internal temperature is then estimated by directly measuring
these physical quantities. If as many different measured
quantities are obtained as there are variables, the internal
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2

temperature can be obtained accurately and quickly by
solving simultaneous first-order equations.

An electronic clinical thermometer embodying this inven-
tion may be characterized broadly as comprising tempera-
ture measuring means (or a “temperature measuring
device”) for measuring temperature, heating means (or a
“heater”) for heating at a variable temperature, and estimat-
ing means (or an “estimating circuit”) for estimating the
temperature inside a live body from the variable temperature
of heating and the temperatures measured by the tempera-
ture measuring means. When a heat transfer equation is
solved in reverse to estimate the temperature inside a live
body, as explained abowve, it is necessary to obtain at least as
many measured values as the number of variables in the
lower-order equations which express the transfer equation.
If the thermometer is continuously kept in contact with the
target body, the thermometer approaches a thermal equilib-
rium with the body and the variations in the measured values
become small. According to this invention, the temperature
of a heater is affirmatively varied for varying the flow of heat
between the thermometer and the target body such that not
only can highly accurate measurements be made but they
can be made at a desired timing. The heater may be
controlled such that an estimate of internal body temperature
can be made as a signal is outputted at a desired timing while
the temperature is continuously varied. If measurements are
to be taken at specified time intervals, the heater may be
controlled such that temperature will be varied according to
the timing of the measurements.

In one aspect of the invention, the temperature measuring
means comprises a first temperature sensor and a second
temperature sensor. A thermally insulating member is dis-
posed between these first and second temperature sensors.
The first temperature sensor measures temperature of a
position proximal to the heating means, and the second
temperature sensor measures temperature at a position on
the live body opposite to the heating means across the
insulating material. Thus, temperatures at two different
positions (although proximal to each other) may be selected
as directly measurable physical variables for solving the heat
transfer equation. The insulating member inserted between
the two temperature sensors makes it possible to obtain
stable temperature curves and hence more accurate results of
measurement.

In another aspect of the invention, not only does the
temperature measuring means comprise a first temperature
sensor and a second temperature sensor, but the thermometer
also comprises a first insulating member between the heating
means and the first temperature sensor and a second insu-
lating member having different heat-conducting properties
between the heating means and the second temperature
sensor. The first temperature sensor measures temperature
on the live body at a position opposite to the heating means
across the first insulating member, and the second tempera-
ture sensor measures temperature on the live body at another
position opposite to the heating means across the second
insulating member. Thus, temperatures at two positions
separated from the heating means through different insulat-
ing members may be selected as directly measurable physi-
cal variables to solve the heat transfer equation in reverse. In
the above, the two insulating members characterized as
having different heat-conducting properties may be different
not only in thermal conductivity but also in thickness or in
specific heat.

In still another aspect of the invention, the thermometer
further includes a heat flux sensor and a thermally insulating
member disposed between the heating means and both the
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temperature measuring means and the heat flux sensor. The
estimating means estimates temperature inside the live body
from the variable temperature of heating and temperatures
measured by the temperature measuring means and the heat
flux sensor. The temperature measuring means and the heat
flux sensor are disposed opposite to the heating means
across the insulating means and measure respectively tem-
perature and heat flux at positions proximal to each other. In
this case, temperature and flux of heat flow at mutually
proximal positions on the body across from the heating
means are sclected as directly measurable physical variables
for solving the heat transfer equation in reverse.

In a further aspect of this invention, the thermistor also
includes a memory and a controller for controlling the
temperature-estimating operations of the thermometer. The
thermometer may thus be controlled so as to carry out the
temperature-estimating operations at specified time intervals
and to store estimated temperature values in the memory.

The probe for contacting the live body may be shaped
differently. An elongated bar-shape is preferable for insert-
ing in the armpit or under the tongue if the patient is capable
of maintaining a body position suitable for the temperature
measurement. A planar probe is preferable if otherwise, for
example, if the patient is an infant. It is preferable to employ
a material with a high thermal conductivity where the probe
contacts the live body.

Thermometers according to this invention are convenient
for taking measurements continuously, for example, for a
patient in an intensive care unit or for monitoring a patient
after surgery because temperature measurements can be
taken at a desired timing and the measured valued can be
stored.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a portion of a patient’s body
for explaining the principle of measurement by a thermom-
eter according to a first embodiment of the invention.

FIG. 2 is an external plan view of an electronic thermom-
eter according to the first embodiment of the invention.

FIG. 3 is a sectional view of the thermometer of FIG. 2
taken along line 3—3.

FIG. 4 is a block diagram for showing the circuit structure
of the thermometer of FIG. 2.

FIG. § is a flowchart of the process of taking a measure-
ment by a thermometer according to the first embodiment of
this invention.

FIGS. 6A and 6B are examples of displays on the display
device.

FIG. 7 is a portion of the flowchart of FIG. § shown more
in detail.

FIGS. 8A, 8B and 8C are examples of ways in which the
heater in the thermometer of FIG. 2 may be controlled.

FIG. 9A is a side view and FIG. 9B is a plan view of a
variation of the thermometer according to the first embodi-
ment of the invention.

FIG. 10 is a sectional view taken along line 10—10 of the
thermometer of FIGS. 9A and 9B for showing its internal
structure.

FIG. 11 is a sectional view of a portion of a patient’s body
for explaining the principle of measurement by a thermom-
eter according to a second embodiment of this invention.

FIG. 12 is an external plan view of an electronic ther-
mometer according to the second embodiment of the inven-
tion.
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FIG. 13 is a sectional view of the thermometer of FIG. 12
taken along line 13—13.

FIG. 14 is a block diagram for showing the circuit
structure of the thermometer of FIG. 12.

FIG. 15 is a flowchart of the process of taking a mea-
surement by a thermometer according to the second embodi-
ment of this invention.

FIG. 16 is a portion of the flowchart of FIG. 15 shown
more in detail.

FIG. 17 is a sectional view of a portion of a patient’s body
for explaining the principle of measurement by a thermom-
eter according to a third embodiment of this invention.

FIG. 18 is an external plan view of an electronic ther-
mometer according to the third embodiment of the inven-
tion.

FIG. 19 is a sectional view of the thermometer of FIG. 18
taken along line 19—19.

FIG. 20 is a block diagram for showing the circuit
structure of the thermometer of FIG. 18.

FIG. 21 is a flowchart of the process of taking a mea-
surement by a thermometer according to the third embodi-
ment of this invention.

FIG. 22 is a portion of the flowchart of FIG. 21 shown
more in detail.

DETAILED DESCRIPTION OF THE
INVENTION

The invention is described next by way of examples. FIG.
1 shows T, as the temperature at an internal position of a
patient to be estimated. T, and q, respectively indicate the
temperature and the flux of heat flow at an externally
exposed body surface position, separated from the target
position by a distance of h,. The heat conductivity of the
body is expressed as A,. T, and q, respectively indicate the
temperature and the flux of heat flow at a corresponding
position separated by a thermally insulating member 9 with
density p, specific heat ¢, thickness h and heat conductivity
A. Then, the copservation law of physics gives:

~qu+gy=p chy(dT Jdt)=h, (AT jdx)-h(dT,/dx),
or
(@T/dx)=0,(T,-T1)-0x(T,-T,)

where ,=Ah,/(pch;h,), w,=h,/(pch,?) and x generally rep-
resents the direction of the line connecting the internal target
body position and the surface position where the surface
body temperature and the heat flux are measured. Thus, if
T,, dT,/dt and T, are measured, T, can be calculated from
these measured values. If a heater with variable temperature
is used to vary the value of T,, it is possible to vary T,,
dT,/dt and T, at a desired timing. In other words, if it is
desired to calculate T, from the temperature change occur-
ring due to the heat conducted from the body interior, the
temperature sensor and the body temperature reach a ther-
mal equilibrium and temperature change ceases to exist
soon. Thus, different measured values cannot be obtained
and accurate calculation of T, becomes difficult. If T, is
affirmatively changed, as explained above, different mea-
sured values of T,, dT,/dt and T, can be obtained at any
desired timing and hence accurate calculation for T,
becomes possible.

FIG. 2 shows an electronic thermometer 1 according to a
first embodiment of the invention comprising a main body 2
which is approximately in the shape of a rectangular paral-
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lelopiped and a probe 3 which protrudes longitudinally in
the shape of a bar from the main body 2 such that the user
may hold the main body 2 to insert the probe under an arm
or under the tongue. The main body 2 contains a display
device 4 such as an LCD for displaying data such as a
measured value and a power switch 5. The probe 3 is
approximately circular in cross-section, as shown in FIG. 3,
and its outer surface is covered with a thin material 6 such
as SUS having a high thermal conductivity. A temperature
sensor 7 is disposed on the inner surface of this cover
material 6. A variable-temperature heater 10 and a tempera-
ture sensor § are disposed proximally to each other on a
thermally insulating member 9 on the inner surface of the
cover material 6. Lead wires (not shown) connected to the
temperature sensors 7 and 8 and the heater 10 may be passed
through the hollow interior of the insulating member 9.
Examples of a practically usable temperature sensor include
IC temperature sensors using temperature characteristics
such as platinum resistors, thermistors, thermo-couples and
transistors.

As shown in FIG. 4, the electronic thermometer 1 com-
prises a controller 12, a driver 13, an A/D converter 14, a
calculator 15, a memory 16, a power source 17 and a buzzer
18, in addition to the aforementioned temperature sensors 7
and 8, the variable-temperature heater 10, the power source
switch 5 and the display device 4. The controller 12 com-
prises a CPU and serves to control the thermometer as a
whole. The driver 13 is for driving the temperature sensors
7 and 8 and the heater 10 on the basis of signals received
from the controller 12. Signals outputted from the driver 13
are converted into digital signals by the A/D converter 14
and inputted to the calculator 15. The calculator 15 performs
various calculations and outputs the results of the calcula-
tions to the controller 12. The calculator 15 also operates to
store specified data in the memory 16 and to retrieve data
from the memory 16 to carry out specified calculations. The
power source 17 may comprise a battery and serves to
supply electric power to the controller 12 and the driver 13.
The power switch 5 is for switching on and off the supply of
power from the power source 17. The buzzer 18 is for
generating a specified sound in response to a command from
the controller 12 to alert the user of a certain situation.

FIG. 5 is referenced next to explain the process for
measuring an internal body temperature. When the switch 5
is turned on (Step S101), a preliminary temperature mea-
surement is taken by means of the temperature sensor 7 or
8 (Step S102) to determine whether or not this preliminarily
obtained temperature is within a specified range (Step
$103). If the measured temperature is not within the speci-
fied range (NO in Step S103), a display is made to this effect
on the display device 4 (Step S104) and the power is
switched off (Step S105). If the preliminarily measured
temperature is within the specified range (YES in Step
$103), a display is made to this effect on the display device
4 (Step S106) such as shown in FIG. 6A and the buzzer 18
may also be beeped to inform that the thermometer is ready
10 be used.

Next, the heater 10 is operated through the driver 13 (Step
$107) and values of T, T, and dT,/dt are collected (Step
$108). These data are now used by the calculator to estimate
the temperature at an internal target position (Step S109).

Next, it is examined whether or not data that are sufficient
for a measurement have been collected (Step S110). If
sufficient data have not been collected (NO in Step S110),
the program returns to Step S107 and the heater 10 is driven.
If sufficient data have been collected (YES in Step S110), the
result of measurement is displayed on the display device 4,
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say, as shown in FIG. 6B and the buzzer 18 may be caused
to beep twice to indicate that the result of measurement has
been displayed (Step S111). Thereafter, it is checked
whether power is switched on or off (Step S112). If the
switch 5 is in the ON condition (YES in Step S112), powered
is switched off (Step S113) and the process is concluded. If
the power switch 5 is in the OFF condition (NO in Step
S112), the heater 10 is switched off and is restarted (Step
$107) after a wait period of a specified length (Step S114).

The portion of the program explained above from Step
S106 to Step S111 is shown more in detail in FIG. 7. After
the display device 4 is caused to display that it is ready to
take measurements, the heater 10 is activated and values of
T,, T, and dT/dt are measured a plural number of times
(Step S109-1). Next, it is checked if data that are sufficient
for a measurement have been collected. This judgment may
be taken by examining whether or not a plurality of succes-
sively calculated temperature values are nearly the same
(say, to the second positions below the decimal point). Since
this is the first (n=1) calculation and there is no other result
to compare to, it is concluded in Step S110 that sufficient
data have not been collected and the program returns to Step
107 (not shown in FIG. 7) to start the heater 10 and to repeat
the collection of data (Step S108-2) and to calculate the next
temperature value (Step S109-2). If the condition in Step
S110 is finally satisfied (that is, if a plurality of temperature
values calculated consecutively are sufficiently close to one
another), it is set as the measured value and outputted to the
display device 4 (Step S111).

The determination whether data sufficient for measure-
ment have been collected may be made by examining
whether or not a plurality of consecutively calculated tem-
perature values are, say, within 0.01° C. of one another.

FIGS. 8A, 8B and 8C show methods of driving the heater
10 in the process described above. First, the heater 10 may
be switched on and off at equal time intervals, as shown in
FIG. 8A, such as 5 seconds. The temperature of the sensor
8 varies in a sawtooth manner as shown also in FIG. 8A. The
ON-time of the heater 10 may be made shorter and the
OFF-time longer. If the heater 10 is repeatedly switched on
and off in this manner, the temperature of the temperature
sensor 8 varies sinusoidally, as shown in FIG. 8B. FIG. §C
shows still another method whereby the heater 10 is kept in
an ON condition for a specified length of time, switched on
and off intermittently thereafter, again kept in an ON con-
dition for another specified length of time, and again
switched on and off intermittently for still another specified
length of time. While the heater 10 is thus switched on and
off intermittently, it is controlled such that the temperature of
the sensor 8 is at a constant level. In this manner, the
temperature may change as shown in FIG. 8C. It goes
without saying that any other method of controlling the
heater 10 is acceptable for the purpose of this invention
because the purpose is to obtain different set of measured
values of T, dT,/dt and T,. Measurements may be repeated
by intermittently repeating one period or a portion of one
period of any of the waveforms shown in FIGS. 8A, 8B and
8C.

Thus, according to this invention, the temperature of the
heater 10 is affirmatively varied such that the temperature
sensor is prevented from coming into a thermal equilibrium
with the body temperature. Thus, an accurate measurement
can be performed even when the temperature sensor is used
continuously or when measurements are taken without suf-
ficient time in between.

FIGS. 9A and 9B show another electronic thermometer 11
which may be considered a variation of the first embodiment
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described above, being in the shape of a flat rectangular
parallelopiped and having a probe 23 of approximately of a
rectangular columnar shape protruding from one of the main
surfaces of the thermometer 11 near one end part. On the
opposite end part of the thermometer 11 are a display device
4 comprising an LCD and a power switch 5. Belts 24 are
affixed at both ends in the longitudinal direction such that the
probe 23 can be attached to a specified part of a patient’s
body such as the forehead by means of these belts 24 such
that measurements can be taken continuously over an
extended period of time. This embodiment is useful when a
patient in the intensive care unit must be monitored or where
a sudden change in body temperature is particularly impor-
tant because the patient’s body temperature can be outputted
on real time.

FIG. 10 shows the internal structure of the probe 23 of the
thermometer 11 shown in FIGS. 9A and 9B. Symbols 26q,
26b and 26¢ respectively indicate its top part, bottom part
and side surface. The probe 23 is covered with a thin cover
layer 26, say, of SUS. A temperature sensor 7 is disposed
underneath the top part 26a. A nearly square-shaped insu-
lating member 29 is disposed below the top part 26a of the
cover layer 26, sandwiching the temperature sensor 7 with
the top part 26a of the cover layer 26. A variable-
temperature heater 10 is disposed on and contacting the
lower surface of the insulating member 29. There is an
empty space 30 between the insulating member 29 and the
bottom part 26¢ of the cover layer 26.

The thermometer 11 thus structured is particularly advan-
tageous for use for an infant who may find it difficult to hold
the probe steadily under an arm or under the tongue since the
body temperature can be easily measured by contacting the
probe 23 on a flat skin surface such as on the forehead. Since
the thermometer is provided with belts, the thermometer can
be kept in contact with the patient over an extended period
of time

FIG. 11 is referenced next to explain the principle of
measurement by means of a thermometer according to a
second embodiment of this invention characterized as hav-
ing two insulating members 39¢ and 39b having different
thermal conductivities A; and A, contacting the patient’s
body. Let To indicate the temperature of a variable-
temperature heater 10 and T, and T, respectively indicate
the temperature at a portion of the patient’s body contacting
the insulating members 394 and 39b. The flux of heat flow
at each of these surface positions will be indicated by q, and
q,. If the temperature is T, inside the patient’s body at a
depth of h from the body surface, a one-dimensional heat
transfer equation may be written as follows by keeping up to
the second-order terms:

Ty=T+(/hy)q, + (120, )(dT ,/d8),
Ty=Tot (W)t (7120, )(dT /),

where o, and A, indicate the thermal diffusivity and the
conductivity of the patient’s body. Since q,=—h,(dT,/dt)=-
(T, =Ty )X and g,=-A(dT,/dt)=—h,(T,-T,)/X where X is
the thickness of the insulating members 392 and 39b, the
following obtains:

Ty=T AT =T +B(dT \jdi),

T=T+C(To-T,)+D(dT,/d1),
where A, B, C and D are constants. If T, is eliminated from
these two equations, an equation is obtained relating T, Ty,
T,, dT,/dt and dT,/dt. Thus, the inner body temperature T,

of a patient can be obtained by measuring T, T,, dT,/dt and
dT,/dt.
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In summary, the inner body temperature can be calculated
by measuring temperature and time-rate of change of tem-
perature at two positions on the body surface which is being
heated by a temperature-varying heater through different
thermally insulating members. It goes without saying in this
connection that these two insulating members do not have to
have different thermal conductivities. They may be of the
same material but different in thickness.

FIG. 12 shows an external view of a thermometer 31
according to the second embodiment of the invention. Since
its external appearance is the same as that of the thermom-
eter according to the first embodiment, the same symbols
used in FIG. 2 are used for corresponding components and
they are not repetitiously explained with reference to FIG.
12.

FIG. 13 shows its internal structure. Its probe 33 is
structured similarly to the probe 3 shown in FIG. 3 except
that there are two (first and second) insulating members 394
and 39b each of semi-cylindrical shape on the inner surface
of the cover 6. The two insulating members 39a and 39b
have different thermal conductivity values. A (first or
second) temperature sensor 37a or 37b is disposed between
the outer surface of each of the insulator members 39a or
39b and the inner surface of the cover 6. A variable-
temperature heater 10 is disposed on the inner surface of the
insulating lavers 392 and 39b, spanning over both and
positioned opposite the first and second temperature sensors
37a and 37b. A thermometer thus structured with two
temperature sensors and two different kinds of insulating
members can be produced much less expensively than one
using a heat flux sensor for measuring a flux of heat flow.

FIG. 14 shows the internal circuit structure of the ther-
mometer 31, which is similar to that shown by the block
diagram of FIG. 4 except that the first and second tempera-
ture sensors 37¢ and 37b take the places of the temperature
sensors 7 and 8 of FIG. 4.

FIG. 15 is referenced next to explain the process for
measuring an internal body temperature. The steps shown in
FIGS. 15 and 16 are substantially the same as those shown
in the flowcharts of FIGS. § and 6 and hence will not be
repetitiously explained. In Step S210 of FIG. 16, the deter-
mination may be whether or not a specified number of
consecutively calculated values are within a specified maxi-
mum value such as 0.01° C. The heater 10 according to this
embodiment of the invention may also be driven as shown
in FIGS. 8A, 8B and 8C.

Thus, it is possible with a thermometer 31 according to
the second embodiment of the invention, too, to prevent the
thermometer from coming to a thermal equilibrium with the
body because the variable-temperature heater 10 can be
controlled so as to affirmatively vary its temperature. Thus
accurate measurements are possible even when, for
example, the thermometer is inserted into the ear of a patient
for an extended period of time or when it is taken out of the
ear and inserted again without waiting for an extended
period of time.

It also goes without saying that the structure described
above of the probe 33 with temperature sensors 37z and 37b,
two insulating members 39a¢ and 39b and a variable-
temperature heater 10 may be applied to the kind of ther-
mometer explained above with reference to FIGS. 9A and
9B.

FIG. 17 is referenced next to explain the principle of
measurement by means of a thermometer according to a
third embodiment of this invention characterized as deter-
mining the temperature T, at an internal body position at a
depth of h from a body surface by measuring the temperature
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T, and flux of heat flow q, at the patient’s body surface
opposite a variable-temperature heater 10 at temperature T,
through a thermally insulating member with thermal con-
ductivity A.

From the definition of heat flux, q,=—A(dT/dt)=-MT,-
T/, it follows that T,=T,+(h/A)q,. Thus, the value of T,
can be determined by measuring two or more pairs of values
of q; and T;.

Alternatively, one may start from the basic equation of
heat transfer:

AT, Jor=a(3°T, /ax?)

where a is the thermal diffusivity. If the second-order term
is included in its solution, this gives:

Ty=T+ (WA g+ 20)(dT/df)

since q,=—A(dT,/dx). This means that if three or more sets
of values for T,, q, and dT,/dt are measured, the value of T,
can be estimated.

If the equation is of zeroth-order, the temperature at an
internal body position can be estimated by a minimum of
one measurement because there is no need to take in account
any change with time. By making measurement for a plu-
rality of times, accurate results can be obtained even by
using a zeroth-order equation. If a higher-order equation is
used, even more accurate estimates become possible.
Examples of a heat flux sensor include layered structures
and thermopiles.

FIG. 18 shows an external view of a thermometer 41
according to the third embodiment of the invention. Since its
external appearance is the same as that of the thermometer
according to the first embodiment, the same symbols used in
FIG. 2 are used for corresponding components and they are
not repetitiously explained with reference to FIG. 18.

FIG. 19 shows its internal structure. Its probe 43 is
structured similarly to the probe 3 shown in FIG. 3 except
that there are a temperature sensor 47 and a heat flux sensor
48 inserted between the inner surface of the cover 6 and the
outer surface of a tubularly shaped insulating member 49.
The insulating member 49 has a hollow interior and a
variable-temperature heater 10 is disposed on the inner
surface of the insulating member 49 and at a position
opposite to both the temperature sensor 47 and the heat flux
sensor 48.

FIG. 20 shows the internal circuit structure of the ther-
mometer 41, which is similar to that shown by the block
diagram of FIG. 4 except that the temperature sensor 47 and
the heat flux sensor 48 take the places of the temperature
sensors 7 and 8 of FIG. 4 and driven by signals from the
controller 12.

FIGS. 21 and 22 are referenced next to explain the process
for measuring an internal body temperature. The steps
shown in FIGS. 21 and 22 are substantially the same as those
shown in the flowcharts of FIGS. § and 6 and hence will not
be repetitiously explained. In Step S310 of FIG. 22, the
determination may be whether or not a specified number of
consecutively calculated values are within a specified maxi-
mum value such as 0.01° C. The heater 10 according to this
embodiment of the invention may also be driven as shown
in FIGS. 8A, 8B and 8C.

Thus, it is possible with a thermometer 41 according to
the third embodiment of the invention, too, to prevent the
thermometer from coming to a thermal equilibrium with the
body because the variable-temperature heater 10 can be
controlled so as to affirmatively vary its temperature. Thus,
accurate measurements are possible even when, for
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example, the thermometer is inserted into the ear of a patient
for an extended period of time or when it is taken out of the
ear and inserted again without waiting for an extended
period of time.

It also goes without saying that the structure described
above of the probe 43 with the temperature sensor 47, the
heat flux sensor 48, the insulating member 49 and a variable-
temperature heater 10 may be applied to the kind of ther-
mometer explained above with reference to FIGS. 9A and
9B.

In summary, the present invention provides electronic
thermometers capable of accurately measure the internal
body temperature quickly and at a desired timing.

What is claimed is:

1. An electronic clinical thermometer comprising:

a temperature measuring device for measuring tempera-

ture;

a heater for heating the live body at a variable temperature

of a live body; and

an estimating circuit for estimating temperature inside

said live body from said variable temperature of heat-
ing and temperatures measured at different times by
said temperature measuring device.

2. The thermometer of claim 1 wherein said temperature
measuring device comprises a first temperature sensor and a
second temperature sensor, a thermally insulating member is
disposed between said first temperature sensor and said
second temperature sensor, said first temperature sensor
measures temperature at a position proximal to said heater,
and said second temperature sensor measures temperature at
a position on said live body opposite said heater across said
insulating material.

3. The thermometer of claim 1 wherein said temperature
measuring device comprises a first temperature sensor and a
second temperature sensor, said thermometer further com-
prises a first insulating member between said heater and said
first temperature sensor and a second insulating member
between said heater and said second temperature sensor, said
first insulating member and said second insulating member
having different heat-conducting properties, said first tem-
perature sensor measures temperature on said live body at a
position opposite said heater across said first insulating
member, and said second temperature sensor measures tem-
perature on said live body at another position opposite said
heater across said second insulating member.

4. The thermometer of claim 1 further comprising a heat
flux sensor and a thermally insulating member disposed
between said heater and both said temperature measuring
device and said heat flux sensor, wherein said estimating
circuit estimates temperature inside said live body from said
variable temperature of heating and measured values
obtained by said temperature measuring device and said heat
flux sensor, said temperature measuring device and said heat
flux sensor being disposed opposite said heater across said
insulating means and measuring respectively temperature
and heat flux at positions proximal to each other.

5. The thermometer of claim 1 having a probe for con-
tacting said live body, said probe being planar in shape.

6. The thermometer of claim 2 having a probe for con-
tacting said live body, said probe being planar in shape.

7. The thermometer of claim 3 having a probe for con-
tacting said live body, said probe being planar in shape.

8. The thermometer of claim 4 having a probe for con-
tacting said live body, said probe being planar in shape.

9. The thermometer of claim 1 having a probe for con-
tacting said live body, said probe being elongated in a
bar-shape.
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10. The thermometer of claim 2 having a probe for
contacting said live body, said probe being elongated in a
bar-shape.

11. The thermometer of claim 3 having a probe for
contacting said live body, said probe being elongated in a
bar-shape.

12. The thermometer of claim 4 having a probe for
contacting said live body, said probe being elongated in a
bar-shape.

13. The thermometer of claim 1 further comprising;

a controller for controlling operations of said thermometer

in estimating temperature inside said live body; and

a memory for storing temperature estimated by said

estimating circuit;
wherein said estimating circuit estimates temperature inside
said live body at specified time intervals and stores esti-
mated temperature values in said memory.

14. The thermometer of claim 2 further comprising;

a controller for controlling operations of said thermometer

in estimating temperature inside said live body; and

a memory for storing temperature estimated by said

estimating circuit;

wherein said estimating circuit estimates temperature

inside said live body at specified time intervals and
stores estimated temperature values in said memory.

15. The thermometer of claim 3 further comprising:

a controller for controlling operations of said thermometer

in estimating temperature inside said live body; and

a memory for storing temperature estimated by said

estimating circuit;

wherein said estimating circuit estimates temperature

inside said live body at specified time intervals and
stores estimated temperature values in said memory.

16. The thermometer of claim 4 further comprising;

a controller for controlling operations of said thermometer

in estimating temperature inside said live body; and

a memory for storing temperature estimated by said

estimating circuit;

wherein said estimating circuit estimates temperature

inside said live body at specified time intervals and
stores estimated temperature values in said memory.

17. An electronic clinical thermometer comprising:

a temperature measure device for measuring temperature;

a heater for heating the live body at a variable temperature

of a live body; and
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an estimating circuit for estimating temperature inside a
said live body from said variable temperature of
heating, measured temperature obtained by said tem-
perature measuring device while said live body is being
heated by said heater and time-rates of change in said
measured temperature.

18. The thermometer of claim 17 wherein said tempera-
ture measuring device comprises a first temperature sensor
and a second temperature sensor, a thermally insulating
member is disposed between said first temperature sensor
and said second temperature sensor, said first temperature
sensor measures temperature at a position proximal to said
heater, and said second temperature sensor measures tem-
perature at a position on said live body opposite said heater
across said insulating material.

19. The thermometer of claim 17 wherein said tempera-
ture measuring device comprises a first temperature sensor
and a second temperature sensor, said thermometer further
comprises a first insulating member between said heater and
said first temperature sensor and a second insulating member
between said heater and said second temperature sensor, said
first insulating member and said second insulating member
having different heat-conducting properties, said first tem-
perature sensor measures temperature on said live body at a
position opposite said heater across said first insulating
member, and said second temperature sensor measures tem-
perature on said live body at another position opposite said
heater across said second insulating member.

20. An electronic clinical thermometer comprising:

a temperature measuring device for measuring tempera-

ture;

a heater for heating the live body at a variable temperature
of a live body;

a heat flux sensor and a thermally insulating member
disposed between said heater and both said temperature
measuring device and said heat flux sensor; and

an estimating circuit for estimating temperature inside a
said live body from said variable temperature of heat-
ing and measured values obtained by said temperature
measuring device and said heat flux sensor while said
live body is being heated by said heater.

21. The electronic clinical thermometer of claim 20
wherein said temperature measuring device and said heat
flux sensor are disposed opposite said heater across said
insulating means and serve to measure respectively tem-
perature and heat flux at positions proximal to each other.
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