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Specification

Radiation Thermometer

Technical Field

The present invention relates to a radiation thermometer.

Description of the Background Art

For the purpose of measuring a body temperature in a short
period of time, a radiation thermometer which selects an eardrum
as a measurement site and measures a temperature of the eardrum
in a non-contact manner has been already proposed.

An example is a radiation thermometer which is disclosed
in Japanese Laid-open Patent Publication No. 28524/1990. This
radiation thermometer allows a front end of a probe portion,
which comprises a window member at a front end and an infrared
ray sensor at a rear end, to be inserted into an external acoustic
opening, so that an infrared ray from the eardrum is received
by the infrared ray sensor through the windqw member and the
temperature of the eardrum, i.e., the body temperature, is
measured based on the intensity of the received infrared ray.

Since this type of radiation thermometer measures a body
temperature based on the intensity of an infrared ray from the
eardrum, the dirtiness of the optical system which receives the
infrared ray has influence on measurement accuracy. However,
an external acoustic opening becomes dirty because of earwax
and the like, and therefore, measuring a body temperature

several times causes a problem in that the window member serving
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as an optical system of the front end of the probe portion is
gradually smudged. Further, it is unhygienic where more than
one person shares the same radiation thermoméker.

To solve this problem, the radiation thermometer
disclosed in Japanese Laid-open Patent Publication No.
28524/1990 comprises a probe cover designed to cover the front
end of the probe portion which is inserted into an external
acoustic opening. The probe cover prevents the probe portion
of the radiation thermometer from directly contacting the
external acoustic opening. 1In addition, since the probe cover
is disposable after each measurement of a body temperature,
there is no problem in that a dirty optical system deterjiorates
a measurement accuracy, and there is no hygienic problem.

However, when a probe cover is used as in the case of the
radiation thermometer disclosed in Japanese Laid-open Patent
Publication No. 28524/1990 described above, a new probe cover
is necessary each time a body temperature is measured, which
is costly. Hospitals, inparticular, which need tomeasure body
temperatures frequently must bear a considerable running cost.

Further, since a conventional radiation thermometer
which uses probe covers requires discarding the probe cover each
time a body temperature is measured, it is necessary to procure
new probe covers often, which is labor-cqgsuming.

Tosolvethisproblmn,thepresggp@bp;;éégghasproposeaf
a radiation thermometer having a probe pof£i;;f;f a waterproofi

structure in Japanese Patent Application No. 244970/1992.

In the radiation thermometer disclosed in Japanese Patent
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Application No. 244970/1992, as the probe portion has a

water-proof structure, it is possible to disinfect and clean

a portion of the front end of the radiation thermometer to be

put into the external acoustic opening by using alcohol or a
detergent after measurement of a body temperature has been
finished. Therefore, it is possible to maintain the radiation
thermometer always in a hygienic condition. Further, it is
possible to avoid deterioration in the accuracy of measuring
a temperature due to the dirtiness of the optical system.
Further, as a probe cover is not necessary, it is possible to
cut the running cost involved in the purchase of the probe
covers.

In the above-described radiation thermometer, a body
temperature is measured by receiving an infrared ray from the
eardrum or the external acoustic opening by an infrared ray
sensor and by detecting the intensity of the infrared ray.

As described above, the conventional radiation
thermometer measures the body temperature assuming that an
infrared ray incident to the infrared ray sensor is only from
the eardrum or the external acoustic opening.

However, the inventor of the present application has
found that a temperature is measured at a lower level than an
actual temperature, when a temperature was measured by using
the conventional radiation thermometer. Therefore, in an
extreme case, there has been such risk that the conventional
radiation thermometer displays a measured body temperature at

a lower level even when a person has a fever due to a cold or
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the like and a decision is made that he has a normal body
temperature.

In the light of the above points, it is a; object of the
present invention to provide a radiation thermometer that is
designed to measure a body temperature more accurately than the
conventional radiation thermometer.

In order to achieve the above object, the present
invention is characterized in that a radiation thermometer
comprises: infrared-ray detecting means; a probe portion having
a front end to be inserted intoc a hole portion of a 1living being
and an introduction opening provided at the front end for
guiding an infrared ray emitted from the hole portion of the
living being to the infrared-ray detecting means;
temperature-measuring means for measuring a temperature of the
probe portion; and calculating means for calculating a body
temperature of the living being based on detected values from
the infrared-ray detecting means and the temperature-measuring
means, wherein the calculating means has body temperature
calculating means for calculating a body temperature of the
living being according to a predetermined arithmetic expression
based on an emissivity of the hole portion of the living being
when the emissivity is less than 1, an ocoutput of the infrared-ray
detecting means and an output of the temperature-measuring
means.

Further, the invention is characterized in that the probe
portion has a shape to f£ill almost the whole hole portion of

the living being when the probe portion is inserted into the
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hole portion of the living being.

Further, the invention is characterized in that the body

temperature calculating means includes a processing for

dividing an output of the infrared-ray detecting means by the
emissivity.

Further, the invention is characterized in that the
temperature-measuring means serves as temperature-measuring
means for measuring a temperature of the infrared-ray detecting
means.

Further, the invention is characterized in that the
temperature-measuring means comprises a first temperature-
measuring means for measuring a temperature of the probe portion
and a second temperature-measuring means for measuring a
temperature of the infrared-ray detecting means.

Further, the invention is characterized in that the
predetermined arithmetic expression is

T, = (T, + V, / Ke) *
where T, represents a temperature of the hole portion of the
living being, T, represents a temperature of the infrared-ray
detecting means, V, represents an output of the infrared-ray
detecting means, K represents a constant, and e represents an
emissivity of the hole portion of the living being.

Further, the invention is characterized in that the
predetermined arithmetic exXpression is a primary expression
that approximates a temperature (T,) of the hole portion of the
living being by a temperature (T,) of the infrared-ray detecting

means , an output (V,) of the infrared-ray detecting means, and
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an emissivity (e) of the hole portion of the living being.

Further, the invention is characterized in that the

predetermined arithmetic expression is

T, = Ty + Vy, / Ke
where T, represents a temperature of the hole portion of the
living being, T, represents temperature of the infrared-ray
detecting means, V, represents an output of the infrared-ray
detecting means, K, represents a constant, and e represents an
emissivity of the hole portion of the living being.

Further, the invention is characterized in that the
predetermined arithmetic expression is

T, = {[V, / K+ T'- (1 -e) T,'1 / e} '*
where T, represents a temperature of the hole portion of the
living being, V, represents an output of the infrared-ray
detecting means, K represents a constant, T, represents a
temperature of the infrared-ray detecting means, e represents
an emissivity of the hole portion of the living being, and T,
represents a temperature of the probe portion.

Further, the invention is characterized in that the probe
portion has a light-guiding pipe for guiding an infrared ray
emitted from the introduction opening to the infrared ray sensor
and case means for covering the light-guiding pipe, with a space
formed between the light-guiding pipe and the case means, and
the second temperature-measuring means is provided between the
case means and the light-guiding pipe such that the second
temperature-measuring means is in contact with the case means

but is not in contact with the light-guiding pipe.
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Further, the invention is characterized in that a member
of the front end of the probe portion has a thermal capacity
to such extent that a temperature does not ch;nge suddenly
during a period of time required for calculating a body
temperature of the living being.

Further, the invention is characterized in that the front
end of the probe portion has a window member provided at the
introduction opening.

Further, the invention is characterized in that the
window member is made of calcium fluoride, silicon or barium
fluoride having a thickhess of 0.3 mm or more.

Further, the invention is characterized in that the hole
portion of the living being is an external acoustic opening of
a human being, and the emissivity is set to 0.90 to 0.98.

Further, the invention is characterized in that the
radiation thermometer has emissivity setting means for setting
the emissivity.

Further, the invention is characterized in that the
radiation thermometer has peak value detecting means for
detecting a peak value of the infrared-ray detecting means, and
an output of the infrared-ray detecting means that is used by
the calculating means for the calculation is the peak value.

Further, the invention is characterized in that a
radiation thermometer comprises: infrared-ray detecting
means; a probe portion having a front end to be inserted into
a hole portion of a living being and an introduction opening

provided at the front end for guiding an infrared ray emitted
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from the hole portion of the living being to the infrared-ray
detecting means; temperature-measuring means for measuring a
temperature of the pfobe portion; emissivity éelecting means
for selecting either an emissivity of the hole portion of the
living being when the emissivity is less than 1 or 1.00 as the
emissivity of a temperature-measured object; and calculating
means for calculating a temperature of the temperature-measured
object based on an output of the infrared-ray detecting means,
an output of the temperature-measuring means, and an emissivity
selected by the emissivity setting means.

Further, the invention is characterized in that the
radiation thermometer has a measuring switch for starting a
measuring operation, and the emissivity selecting means selects
an emissivity according to the operation of the measuring

switch.

Brief Description of the Drawings

Fig. 1 is a schematic view of a first embodiment of a
radiation thermometer according to the present invention.

Fig. 2 shows a manner of measuring a body temperature with
a radiation thermometer shown in Fig. 1 inserted into an ear.

Fig. 3 is a cross-sectional view of a probe portion of
the radiation thermometer shown in Fig. 1.

Fig. 4 is a cross-sectional view showing by enlargement
a front end of the probe portion of the radiation thermometer
shown in Fig. 3.

Fig. 5 is a block diagram of the radiation thermometer
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shown in Fig. 1.

Fig. 6 shows patterns of an operation signal generated

by operating a measuring switch of the radiation thermometer

shown in Fig. 1 wherein (a) shows a predetermined pattern of
an operation signal, and (b) shows a detailed example of a
pattern of the operation signal.

Fig. 7 is a flowchart showing a body temperature measuring
operation of the radiation thermometer shown in Fig. 1.

Fig. 8 is a cross-sectional view of a probe portion of
a radiation thermometer according to a second embodiment of the
present invention.

Fig. 9 shows a curve of a function £ (T) = T* in a graph.

Fig. 10 is a schematic view of a fourth embodiment of a
radiation thermometer according to the present invention.

Fig. 11 is a block diagram of the radiation thermometer
shown in Fig. 10.

Fig. 12 is a flowchart showing a body temperature

measuring operation of the radiation thermometer shown in Fig.

10.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be explained
below with reference to the drawings.

Fig. 1 is a schematic view of a first embodiment of a
radiation thermometer according to the present invention.

As shown in Fig. 1, a radiation thermometer 1 has a

measuring switch 3 and a display 4 on case means 2. A probe



(1]

10

15

20

25

portion 5 is provided at the front end of the case means 2.

The probe portion5 has a conical trapezoidal shape with

its diameter gradually increasing from the front end toward the

rear end. The probe portion 5 is structured such that when the
probe portion 5 is inserted into an external acoustic opening,
the external acoustic opening is almost filled with a portion
of the probe portion 5 thicker than the external acoustic
opening. The shape of the probe portion is not necessarily
limited to this so long as the probe portion substantially fills
the external acoustic opening.

For measuring a body temperature, the measuring switch
3 is depressed, and then the front end of the probe portion 5
is inserted into an external acoustic opening 11. The radiation
thermometer 1 starts the measurement immediately after the
measuring switch 3 has been depressed. After starting the
measurement, the front end of the probe portion 5 is inserted
into the external acoustic opening 11 and the measurement is
finished based on a predetermined condition. Of infrared rays
that have been put into an introduction opening 6 at the front
end of the probe portion 5 during this period, an output of an
infrared ray sensor 18 corresponding to a peak value is used
to calculate a temperature. This temperature is displayed as
a body temperature. As the radiation thermometer 1 is usually
placed under a temperature environment lower than the body
temperature, the probe portion 5 is almost at the same
temperature as this environmental temperature. Therefore,

when the probe portion 5 has been inserted into the external

10
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acoustic opening 11, the temperature of the external acoustic
opening 11 is cooled by the probe portion 5. Thus, usually,
the peak value becomes a value corresponding Eo the infrared
ray that has been incident to the introduction opening 6 at the
front end of the probe portion 5 after the infrared ray has been
emitted from an eardrum 12 or the external acoustic opening 11
either during a process of inserting the front end of the probe
portion 5 into thé external acoustic opening 11 or immediately
after the front end of the probe portion 5 has been inserted
into the external acoustic opening 11.

The case means 2 and the probe portion 5 are made of a
material such as, for example, an ABS resin.

Fig. 2 shows how a body temperature is measured with the
radiation thermometer 1 shown in Fig. 1 which is inserted into
an ear.

For measuring a body temperature, the probe portion 5 at
the front end of the radiation thermometer 1 is inserted into
the external acoustic opening 11 of an ear 10, and infrared rays
from the eardrum 12 and the external acoustic opening 11 are
received, as shown in Fig. 2.

At the time of inserting the probe portion 5 at the front
end of the radiation thermometer 1 into the external acoustic
opening 11 of the ear 10, it is recommendable to insert the probe
portion 5 into the external acoustic opening 11 so as to £ill
the external acoustic opening 11 substantially. This is
intended for preventing an infrared ray from entering the

introduction opening 6 of the radiation thermometer 1 from a

11
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surrounding environment other than the eardrum 12 and the
external acoustic opening 11.

The inventor has noticed that, in this méasuring state,
infrared rays that are incident to the radiation thermometer
1 are not only the infrared rays emitted from the eardrum 12
and the external acoustic opening 11. 1In other words, the
inventor has found that infrared rays that are emitted from the
front end of the probe portion 5 and are reflected from the
eardrum 12 and the external acoustic opening 11 are also
incident onto the radiation thermometer 1.

The infrared rays that are emitted from the front end of
the probe portion 5 and are reflected f£from the eardrum 12 and
the external acoustic opening 11 have not been taken into
account in the conventional radiation thermometer.

As the front end of the probe portion 5 has almost at the
same temperature as the external temperature which is at a lower
temperature than the temperatures of the eardrum 12 and the
external acoustic opening 11, the conventional radiation
thermometer tends to measure a temperature at a lower
temperature than the actual temperature.

Therefore, the present invention has taken into
consideration the existence of infrared rays that are emitted
from the £front end of the probe portion 5 and are reflected £from
the eardrum 12 and the external acoustic opening 11. Thus, in
the present invention, such existence is reflected in the
calculation of a body temperature.

Fig. 3 is a cross-sectional view of the probe portion 5

12
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of the radiation thermometer 1 shown in Fig. 1.

As shown in Fig. 3, a window member 15 is provided on the
introduction opening 6 at the front end of thé probe portion
5. This window member 15 is made of a material like an optical
crystalline material which is capable of transmitting an
infrared ray therethrough, such as, for example, calcium
fluoride, silicon or barium fluoride.

An infrared ray that has come through the window member
15 is guided to reach an infrared ray sensor 18 by a light-
guiding pipe 17 held by an aluminum block 16. A thermopile,
for example, can be used as the infrared ray sensor 18. The
light-guiding pipe 17 is made of amaterial, such as, for example,
copper, brass or stainless steel.

In Fig. 3, 19 denotes a thermistor for detecting a
temperature of the light-guiding pipe 17, and the thermistor
19 is fixed to a vicinity of the light-guiding pipe 17 by an
adhesive 19b. 20 denotes a thermistor for detecting a
temperature of the infrared ray sensor 18, and the thermistor
20 is fixed to a vicinity of the infrared ray sensor 18 by an
adhesive 20b. 21 denotes a thermistor for detecting a
temperature of the front end portion of the probe portion 5,
and the thermistor 21 is fixed to the front end portion of the
probe portion 5 by an adhesive 21b. For the thermistors 19,
20 and 21, other temperature-measuring means may be used such
as, for example, posistor or diode.

In Fig. 3, 18a and 18b denote output terminals of the

infrared ray sensor 18 respectively, 19a denotes an output

13
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terminal of the thermistor 19, 20a denotes an output terminal

of the thermistor 20, and 2la denotes an output terminal of the

thermistor 21.

Fig. 4 is a cross-sectional view showing by enlargement
the front end of the probe portion 5 of the radiation thermometer
1 shown in Fig. 3.

A gap between the probe portion 5 and a window holding
member 22 is waterproofed and sealed by a first packing 23. A
gap between the window holding member 22 and the light-guiding
pipe 17 is waterproofed and sealed by a second packing 24.

The window holding member 22 is made of a material, such
as, for example, copper. The first packing 23 and the second
packing 24 are made of a material of an elastic member, such
as, for example, rubber.

The light-guiding pipe 17 and the window holding member
22 are of a cylindrical shape, for example. The window member
15 is of a disk-shape, and the first packing 23 and the second
packing 24 are of a ring-rubber shape respectively.

According to the present embodiﬁent, the light-guiding
pipe 17 and the window member 15 are connected by the second
packing 24 and the window holding member 22 to waterproof the
inner surface of the light-guiding pipe 17.

In the present embodiment with the above-described
structure, in order to make it possible to disinfect and clean
the water-proof structure with an alcohol or a detergent, it
is necessary to use the window member 15 having a certain

thickness to have such strength that the window member 15 is

14



i |

10

2

0

not broken by the cleaning. Such a member has a certain level

of thermal conductivity depending on the thickness. Therefore,

when the front end of the probe portion 5 is inserted into the

external acoustic opening 11 for measuring a body temperature,
this member will not immediately have the same temperature as
that of the external acoustic opening 11.

In the above-described environment, in order to take
advantage of being able to measure a body temperature during
a short period-of time which is one of the features of the
radiation thermometers, it is necessary to calculate a body
temperature in such state that the window member 15 is emitting
an infrared ray at a temperature different from the temperature
of the external acoustic opening 11. Therefore, the infrared
ray emitted from the window member 15 cannot be disregarded in
calculating the body temperature.

Considering the above from a different viewpoint, in
order to calculate a body temperature by always taking into
account the existence of an infrared ray emitted £from the window
member 15, it is preferable that the temperature of the window
member 15 does not change during measurement time.

In other words, it is preferable that the window member
15 is made of a material that has a certain level of strength
and that has a certain level of thermal capacity. Further,
considering a processing precision of a material that forms the
window member 15, it is preferable that the window member 15
is formed into a disk having a thickness of at least 0.3 mm.

For information, specific heat (heat quantity (cal) that

15
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is required to increase the temperature of a substance of 1 gram

by 1°C) (cal/g°C) of each of calcium fluoride, silicon and

barium fluoride that are optical crystalline materials having

an infrared ray permeability is 0.211 cal/g°C, 0.1383 cal/g°C,
and 0.098 cal/g®°C, respectively.

Fig. 5 is a block diagram of the radiation thermometer
1 shown in Fig. 1.

As shown in Fig. 5, the radiation thermometer 1 includes
an optical system 25, a detector 26, an amplifier 27, a
calculator 28, a display 4, and a measuring switch 3.

The optical system 25 comprises a light-guiding pipe 17
for efficiently collecting infrared rays from a
temperature-measured object L, and a window member 15 having
an infrared ray permeability.

The detector 26 comprises an infrared ray sensor 18, a
thermistor 20 for detecting a temperature of the infrared ray
sensor 18, a thermistor 19 for detecting a temperature of the
light-guiding pipe 17, and a thermistor 21 for detecting a
temperature of the front end of the probe portion 5. The
thermistor 21 is positioned in the vicinity of the window member
15, and is therefore capable of measuring almost the same
température as that of the window member 15.

The amplifier 27 comprises of an amplifier 27a for
amplifying an output voltage of the infrared ray sensor 18 as
well as digitizing the output voltage, an amplifier 27b for
amplifying an output voltage of the thermistor 20 as well as

digitizing the output voltage, an amplifier 27c¢ for amplifying

16
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an output voltage of the thermistor 19 as well as digitizing

the output voltage, and an amplifier 27d for amplifying an

output voltage of the thermistor 21 as well as digitizing the

output voltage.

The calculator 28 comprises an operational circuit 28a
and an emissivity setting section 28b. The operational circuit
28a carries out an operation (described later) based on signals
from the infrared ray sensor 18, the thermistor 20, the
thermistor 19 and the thermistor 21 respectively and an
emissivity e from the emissivity setting section 28b. The
operational circuit 28a then calculates a temperature of the
temperature-measured object L, that is, the eardrum 12 and the
eXternal acoustic opening 11, and displays the calculated
temperature on the display 4. The emissivity setting section
28b stores the emissivity e of the eardrum 12 and the external
acoustic opening 11 described later, and outputs this
emissivity e to the operational circuit 28a according to the
operation of the measuring switch 3.

The measuring switch 3 outputs an operation signal for
causing the detector 26, the amplifier 27, the calculator 28
and the display 4 to operate.

In the present embodiment, a temperature measured by the
radiation thermometer 1 is displayed on the display 4. However,
the present invention is not limited to such display.
Alternatively, a plurality of body temperatures may be
displayed in a form of bar charts or broken-line graphs, or a

body temperature may be informed to a user through voice or the

17
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like. Thus, it is possible to use various informing means.

A processing for calculating a temperature of a

temperature-measured object by the operational circuit 28awill

be explained next.

In general, an infrared ray sensor receives an infrared
ray of an intensity corresponding to a temperature after
subtracting a temperature of the infrared ray sensor itself from
a temperature of an object under measurement. Accordingly, it
is necessary that the operational circuit 28a adds a temperature
of the infrared ray sensor 18 itself detected by the thermistor
20, to a temperature corresponding to an intensity of an
infrared ray detected by the infrared ray sensor 18.

When.a temperature of the optical system 25 such 'as the
window member 15 and the light-guiding pipe 17 is different from
a temperature of the infrared ray sensor 18 (for example, when
the probe portion 5 is inserted into the external acoustic
opening 11, the temperature of the optical system 25 increases,
although not to the same temperature as that of the external
acoustic opening 11, and a slight temperature difference arises
between the temperature of the optical system 25 and the
infrared ray sensor 18), the infrared rays detected by the
infrared ray sensor 18 include the infrared ray emitted f£rom
the optical system 25 itself in addition to the infrared ray
from the temperature-measured object L under measurement.

Therefore, the thermistor 19 detects a temperature of the
optical system25, and the operational circuit 28a adds the

temperature detected by the thermistor 20 to the temperature

18
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corresponding to the intensity of the infrared ray detected by

the infrared ray sensor 18 and subtracts the temperature

~ detected by the thermistor 19. Thus a temperature of the object

L under measurement can be obtained.

In the above-described processing, there has not yet been
taken into account an infrared ray that has been emitted from
the front end of the probe portion 5 of the radiation thermometer
1, then reflected from the eardrum 12 or the external acoustic
opening 11 and has finally been incident to the infrared.ray
sensor 18. A processing that takes into account the above point
will be explained next.

In general, for measuring a temperature of an object with
a radiation thermometer, it is necessary to set an emissivity
of the object under measurement. According to the conventional
radiation thermometer, as disclosed in Japanese Laid-open
Patent Publication No. 28524/1990, a body temperature has been
calculated based on the emissivity 1.00 by assuming the eardrum
or the external acoustic opening to be measured as a black body.

In the present embodiment, in order to take into account
an infrared ray that has been emitted from the front end of the
probe portion 5 of the radiation thermometer 1, then reflected
from the eardrum 12 or the external acoustic opening 11 and has
finally been incident to the infrared ray sensor 18, a value
of less than 1.00 is employed as the emissivity e of the eardrum
12 and the external acoustic opening 11 that are the
temperature-measured object.

As one detailed example of the emissivity e of the eardrum

19
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12 and the external acoustic opening 11 as the temperature-
measured cbject, it is recommendable to use 0.90 to 0.98. This
value has been obtained from actual measurement of emissivity
based on many persons. In this actual measurement, the
distribution of the emissivity is such that a majority of the
persons who are subjected to measurement have emissivity near
0.94, with gradually smaller number of persons having
emissivity toward 0.90 and toward 0.98. Therefore, when the
emissivity e is used as a fixed value, it is recommendable to
use 0.94.

It is known that, in an radiation thermometer, an output
voltage V, of an infrared ray sensor for measuring an infrared
ray from a temperature-measured object is given by expression
(1).

Vo = K {(1 -e) T, +eT, - T --- (1)
where K represents a constant, e represents an emissivity of
an object under measurement, T, represents a temperature of a
probe, T, represents a temperature of an object under
measurement, and T, represents a temperature of an infrared ray
sensor. However, in order to simplify the exXplanation, an
influence of a temperature of the optical system that is
detected by a thermistor is omitted from the above exXpression.

The exXpression (1) can be modified into the expression
(2).

Ty = {[V, / K + T*- (1 - e) T )1 / e} ¥ --- (2)

In the present embodiment, it is possible to use an output

voltage of the thermistor 21 as the temperature T, of the probe,

20
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use an output voltage of the thermistor 20 as the temperature

T, of the infrared ray sensor, and to use an output voltage of

~ the infrared ray sensor 18 as the output voltage V, of the

infrared ray sensor.

Therefore, the operational circuit 28a shown in Fig. 5
carries out the operation given by the expression (2) to
calculate a temperature of the object L under measurement, that
is, the eardrum 12 and the external acoustic opening 11, and
displays the calculated temperature on the display 4.

As is clear from the expression (2), in the processing
that takes into account an infrared ray that has been emitted
from the front end of the probe portion 5 of the radiation
thermometer 1, then reflected from the eardrum 12 or the
external acoustic opening 11 and has finally been incident to
the infrared ray sensor 18, the output V, of the infrared ray
sensor is divided by the emissivity e of the object under
measurement. For the object under measurement of which
emissivity is less than 1.00, an emitted volume of infrared rays
becomes smaller according to the emissivity than that of an
object under measurement of which emissivity is 1.00, even if
both objects under measurement have the same temperatures.
Based on this processing, that is, based on V,/e, it is possible
to obtain a value corresponding to an output of the infrared
ray sensor obtained when the emissivity of the object under
measurement is 1.00, that is necessary for obtaining the
temperature of the temperature-measured object that.

Particularly, in the radiation thermometer according to

21



the embodiment in which measurement starts measuring before a
probe is inserted into the external acoustic opening and a peak
~ value is obtalned either during a process of inserting the probe

into the external acoustic opening or immediately after the

|

probe has been inserted into the external acoustic opening, the
front end of the probe is kept at almost the environmental
temperature and thus the temperature of the front end of the
probe is lower than the temperature of the external acoustic
opening or the eardrum. 8Since the infrared ray emitted from
10 the front end of the probe has a large influence of generating
an error, it is very advantageous to obtain a body temperature
by setting the emissivity as in the present invention.
Further, in a radiation thermometer wherein measuring
starts after a probe has been inserted into the external
16 acoustic opening, the temperature of the front end of the probe
approaches that of the external acoustic opening before the
measurement is started after the probe has been inserted into
the external acoustic opening. However, as the radiation
thermometer takes only a few seconds for measuring a body
20 temperature, the temperature of the front end of the probe does
not become the same as the temperature of the external acoustic
opening. Therefore, it is advantageous to obtain a body
temperature by setting the emissivity as in the present
invention.
25 Further, in a radiation thermometer of the type with a
probe cover mounted on the front end of the probe that has a

small thermal capacity and can more easily follow a temperature
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change than the front end of the probe, the probe cover can follow
the temperature of the external acoustic opening. However, as
the radiation thermometer takes only a few seconds for measuring
a body temperature, the temperature of the probe cover will not
become the same as the temperature of the external acoustic
opening. Therefore, it is advantageous to obtain a body
temperature by setting the emissivity as in the present
invention.

Further, as described in JIS1612-1988, a radiation
thermometer of general type is subjected to examination using
a black body of which emissivity is set to substantially 1.00.
Similarly, the radiation thermometer is also subjected to
examination using a black body of which emissivity is set to
substantially 1.00. Such examination is carried out not only
during a manufacturing process but also at the time of a shipment
of a finished product. The radiation thermometer of the present
embodiment is structured such that the emissivity to be used
for the calculation can be set to 1.00 by a predetermined
operation. This radiation thermometer can also be subjected
to examination with a black body of which emissivity has been
set to 1.00. This predetermined operation is carried out by
using the measuring switch 3. However, rather than simple
depression of the measuring switch 3 as described above, it is
necessary to carry out operation in a predetermined pattern.

The predetermined operation will be explained next with
reference to Fig. 6.

Fig. 6 shows patterns of an operation signal generated
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by operation of the measuring switch of the radiation

thermometer shown in Fig. 1. In Fig. 6, (a) shows a

_ predetermined pattern of an operation signal, and (b) shows a

detailed example of a pattern of the operation signal.

The following operation is carried out to set an
emissivity to 1.00 by way of example. First, the measuring
switch 3 is depressed in a predetérmined pattern as shown in
Fig. 6(a).

In Fig. 6(a), first signals Al and A2 are operation
signals whose duration ranges from 105 msec to 255 msec (a first
range of time). A second signal C is an operation signal whose
duration ranges from 525 msec to 975 msec (a second rande of
time) that is longer than the duration of the first signals Al
and A2. Bl and B2 are an interval between the first signal Al
and the second signal C and an interval between the second signal
C and the first signal A2, respectively, that range from 105
msec to 255 msec.

In order to generate the above operation signals, the
measuring switch 3 is kept depressed during 105 msec to 255 msec.
Then, the measuring switch 3 is kept undepressed during 105 msec
to 255 msec. Then, again the measuring switch 3 is kept
depressed for 525 msec to 975 msec. Then, again the measuring
switch 3 is kept undepressed for 105 msec to 255 msec.
Thereafter, the measuring switch 3 is kept depressed for 105
msec to 255 msec.

Fig. 6(b) shows an example of a generation pattern of an

operation signal. First, a signal Al' is generated for a period
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of time of 150 msec. Next, an interval Bl' is made for 140 msec.

Then, a signal C' is generated for a period of time of 600 msec.

Next, an interval B2' is made for 180 msec. Then, a signal A2’

is generated for 170 msec. A pattern of Al, C and A2 as shown
in Fig. 6(a) should not be generated unless a general user
intends to generate this pattern intentionally. It is intended
that such examination pattern can never occur in error other
than for examination in the manufacturing process.

Upon generation of the operation signals as shown in Fig.
6(a), the emissivity setting section 28b shown in Fig. 5 detects
these signals and outputs a value of emissivity 1.00 to the
operational circuit 28a, and at the same time, automatically
a body temperature measuring operation starts. Then, the
measurement is carried out by directing the introduction
opening 6 toward the black body. Upon completion of the
measurement under a predetermined condition, a maximum value
of temperatures measured from start of the measurement to the
end of the measurement is displayed as a temperature of the
object under measurement. In other words, a temperature of the
black body that is an object under measurement is measured, and
displayed on the display 4.

When a normal temperature measuring operation is carried
out in this state, the temperature measuring operation is
carried out at a value of the emissivity that has been set prior
to the measurement of the black body. As a result, in the above
predetermined operation pattern, the measuring operation is

carried out with the emissivity set at 1.00.
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Fig. 7 is a flowchart showing a body temperature measuring
operation of the radiation thermometer 1 shown in Fig. 1.

A body temperature measuring operation of the radiation
thermometer 1 will be explained next by reference to the block
diagram shown in Fig. 5 and the flowchart shown in Fig. 7. 1In
Fig. 7, symbols S1 to S6 denote steps of processing.

First, when the measuring switch 3 is depressed, the
process proceeds to step S1. At step Sl, the emissivity setting
section 28b detects the operation pattern of the measuring
switch 3, and determines whether the operation pattern as
detected is the above-described predetermined pattern or not.
If the emissivity setting section 28b has determined at step
S1 that the operation pattern as detected is the predetermined
pattern, then the emissivity setting section 28b sets the
emissivity to 1.00 at step S2. On the other hand, if ‘the
emissivity setting section 28b has determined at step S1 that
the operation pattern is not the predetermined pattern, then
the emissivity setting section 28b sets the emissivity to 0.94
at step S3. Thus, the emissivity setting section 28b operates
as emissivity selecting means that selects the emissivity of
a hole portion of a living being when the emissivity is less
than 1 or the emissivity of the object under measurement as 1.00.

At step S4, the operational circuit 28 measures a
temperature of the object L under measurement by using an output
of the amplifier 27 and the emissivity set at steps S2 and S3.
Then, at step S5, the operational circuit 28a determines based

on a predetermined condition whether the measurement has been
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finished or not. Specifically, if it has been determined based

on the predetermined condition that a peak temperature has been

obtained, then the measuring is finished, and the process

proceeds to step S6. On the other hand, if is has been
determined that a peak value has not yet been obtained, then
the process returns to step S4 of a temperature measurement.

At step S6, the display 4 displays during a predetermined
period of time the measured peak value as a temperature of the
object L under measurement, and the measuring operation is
finished.

A second embodiment of the present invention will be
explained next.

Fig. 8 is a cross-sectional view of a probe portion 5 of
a radiation thermometer according to a second embodiment of the
present invention.

A difference from the embodiment shown in Fig. 3 is that
there is no thermistor 21.

A difference between a temperature of an infrared ray
sensor 18 and a temperature of the front end of a probe portion
5 is smaller than a difference between a temperature of an
eardrum 12 or an external acoustic opening 11 as an object under
measurement and a temperature of the front end of the probe
portion 5. Therefore, in order to simplify the structure, the
thermistor 21 shown in Fig. 3 can be substituted by the
thermistor 20.

In this case, T, can be set to T, in the expression 2.

The operation to be carried out by the operational circuit 28a
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is given by expression 3.

T, = (T, + vV, / Ke) --- (3)

In the present embodiment, an output voltage of the
thermistor 20 can be used as the temperature T, of the infrared
ray sensor, and an output voltage of the infrared ray sensor
18 can be used as the output voltage V, of the infrared ray sensor.

Accordingly, the operatiocnal circuit 28a carries out the
operation shown in the expression 3 to calculate a temperature
of the object L under measurement, that is, the eardrum 12 and
the external acoustic opening 11, and displays the calculated
temperature on the display 4.

As is clear from the expression (3), in the present
embodiment too, in the processing that takes into account an
infrared ray that has been emitted from the front end of the
probe portion 5 of the radiation thermometer 1, then reflected
from the eardrum 12 or the external acoustic opening 11 and has
finally been incident to the infrared ray sensor 18, the output
V, of the infrared ray sensor is divided by the emissivity e
of the object under measurement.

A third embodiment of the present invention will be
explained next.

In the third embodiment, it is an object to simplify the
structure and to increase the processing speed by approximating
the numerical expression given in the expression (3) in terms
of a more simple exXpression.

When the function f (T) = T is depicted into a graph in

respect to T as an absolute temperature, a curve as shown in
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Fig. 9 is obtained. 1In Fig. 9, a horizontal axis represents
T and a vertical axis represents £ (T).

In the curve shown in Fig. 9, when an environmental
temperature at which the radiation thermometer 1 is actually
used, that is, a range of the temperature T, of the infrared
ray sensor 18 is observed, a narrow range of about 288°K (15°C)
to 308°K (35°C) will be noted assuming that the radiation
thermometer 1 is usually used indoors. Further, a temperature
range of the eardrum 12 or the external acoustic opening 11 that
is the object under measurement is about 308°K (35°C) to 315°K
(42°C). Within these ranges, the function f (T) = T* can be
approximated by a linear expression f (T)= aT + b.

In other words, the function can be approximated by T, *= aT,
+ b and T, = aT, + b.

The expression (3) can be modified as the expression (4).

T,) = T, + V, / Ke --=- (4)

By substituting the above result of approximation T,' =
aT, + b and TJ = aT, + b into the expression (4), expression
(5) is obtained.

(aT, + b) = (aT, + b) + V, / Ke --- (5)

The expression (5) can be further modified into
expression (6).

T, =T, + V, / aKe --- (6)

When aK is replaced by K,, expression (7) is obtained.

Ty =T, + V, / Ke --=(7)

In the present embodiment, an output voltage of the

thermistor 20 can be used for the temperature T, of the infrared
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ray sensor in the expression (7), and an output voltage of the

infrared ray sensor 18 can be used for the output voltage V,

of the infrared ray sensor.

Accordingly, the operational circuit 28a carries out the
operation shown in the expression (7) to calculate a temperature
of the object L under measurement, that is, the eardrum 12 and
the external acoustic opening 11, and displays the calculated
temperature on the display 4.

As is clear from the expression (7), in the present
embodiment too, in the processing that takes into account an
infrared ray that has been emitted from the front end of the
probe portion 5 of the radiation thermometer 1, then reflected
from the eardrum 12 or the external acoustic opening 11 and has
finally been incident to the infrared ray sensor 18, the output
V, of the infrared ray sensor in divided by the emissivity e
of the object under measurement.

A fourth embodiment of the present invention will be
explained next.

Fig. 10 is a schematic view of a fourth embodiment of a
radiation thermometer according to the present invention.

As shown in Fig. 10, an emissivity setting switch 30
consisting of an UP switch 30a and a DOWN switch 30b is further
provided on the upper part of case means 2 of an radiation
thermometer 1°'.

As described above, the emissivity e of the eardrum 12
and the external acoustic opening 11 is different to some extent

depending on a person. Inthe present embodiment, anemissivity
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setting switch 30 is provided to enable a user to change the
emissivity e. With this arrangement, it becomes possible to
measure a body temperature more accurately.

A detailed operation of setting the emissivity is as
follows. When the UP switch 30a is depressed once during a
period other than a measuring operation, the emissivity e is
displayed with an addition of + 0.01. When the DOWN switch 30b
is depressed once, the emissivity e is displayed with a
subtraction. When the measuring switch 3 is depressed after
a desired emissivity has been displayed, a radiation
thermometer 1' starts a body temperature measuring operation
based on a value of the emissivity that has been displayed before
the measuring switch 3 is depressed.

Fig. 11 is a block diagram of the radiation thermometer
1' shown in Fig. 10.

The block diagram of the radiation thermometer 1' will
be explained with reference to Fig. 11. Constituent elements
identical with those in the block diagram of the radiation
thermometer 1 shown in Fig. 5 are attached with like numbers,
and their explanation will be omitted. The block diagram of
Fig. 11 is different from the block diagram of Fig. 5 only in
an operation switch. The operation switch comprises a
measuring switch 3, the UP switch 30a and the DOWN switch 30b.

A signal that is generated when the UP switch 30a or the
DOWN switch 30b has been depressed is output to a calculator
28 and a display 4. An emissivity setting section 28b of the

calculator 28 sets an emissivity g based on the operation of
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these switches, and the display 4 displays the set value of the
emissivity.

A signal that is generated when the measuring switch 3
has been depressed is output to a detector 26, an amplifier 27,
the calculator 28 and the display 4, in a similar manner to that
of the first embodiment.

Fig. 12 is a flowchart showing a body temperature
measuring operation of the radiation thermometer 1' shown in
Fig. 10.

An emissivity setting operation and a body temperature
measuring operation of the radiation thermometer 1' will be
explained with reference to the block diagram shown in Fig. 11
and the flowchart shown in Fig. 12. In Fig. 12, symbols of S11
to S20 denote steps of each processing.

First, at step S11, when any one of the measuring switch
3, the UP switch 30a and the DOWN switch 30b has been depressed,
the process proceeds to step S11. At step S11, the emissivity
setting section determines whether the depressed switch is the
UP switch 30a or not. When it is determined that the depressed
switch is the UP switch 30a, the process proceeds to step S12.
When it is determined that the depressed switch is not the UP
switch 30a, the process proceeds to step S15. At step S12, the
emissivity setting section 28b determines whether the
emissivity is 1.00 or not. When it has been determined at step
S12 that the emissivity is not 1.00, the existing emissivity
e is added by 0.01. At step S14, the display 4 displays this

value for a predetermined period of time. Then the emissivity
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setting operation is finished. When it has been determined at
step S12 that the emissivity is 1.00, this value 1.00 is
displayed as the value of the emissivity e for a predetermined
period of time at step S14. Then, the emissivity setting
operation is finished.

Next, at step S15, the emissivity setting section 28b
determines whether the depressed switch is the DOWN sWitch 30b
or not. When it has been determined that the depressed switch
is the DOWN switch 30b, the process proceeds to step S16. When
it has been determined that the depressed switch is not the DOWN
switch 30b, the process proceeds to step S18. When the process
hs proceeded to step S18, as the depressed switch is not either
the UP switch or the DOWN switch 30b, it is determined that the
depressed switch is the measuring switch 3. Then, a temperature
measuring operation described later is carried out.

At step S16, the emissivity setting section 28b
determines whether the emissivity is 0.90 or not. When the
emissivity setting section 28b has determined at step S16 that
the emissivity is not 0.90, the emissivity setting section 28b
subtracts 0.01 from the existing emissibity e. At step S14,
the display 4 desplays this value for a predetermined period
of time. Then, the emissivity setting operation is finished.
When the emissivity setting section 28b has determined at step
S16 that the emissivity is 0.90, the display 4 displays this
value 0.90 as the value of the emissivity e for a predetermined
period of time at step S14. Then, the emissivity setting

operation is finished.
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At step S18, a processing similar to that at step S4 shown

in Fig. 7 is carried out, that is, a temperature measuring of

- the object L under measurement is carried out. At step S19,

a processing similar to that at step S5 shown in Fig. 7 is carried
out, that is, the poperational circuit 28a determines whether
the temperature measuring of the object L under measurement has
been finished or not. When it has been determined at step S19
that the temperature measuring has been finished, the process
proceeds to step S20. When it has been determined at step S19
that the temperature measuring has not yet been finished, the
process returns to step S18.

At step S20, the display 4 displays the measured
temperature of the object L under measurement for a
predetermined period of time. Then, the temperature-measuring
operation is finished.

As explained above, according to the present invention,
it is possible to exclude an infrared ray that is emitted from
a probe portion, then reflected from an object under measurement
and finally incident to the introduction opening of the probe
portion. Therefore, it is possible to obtain only the infrared
ray emitted from the object under measurement. Thus, it is
possible to calculate a body temperature more accurately.

Further, as the probe portion has a shape to £ill almost
all a hole portion of a living being when it is inserted into
the hole portion of the living being, it is possible to prevent
an infrared ray from coming out of a surrounding environment

other than the eardrum or the external acoustic opening.
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Further, as the body temperature calculating means
includes a processing of dividing the output of the infrared-ray
detecting means by the emissivity, it is possible to obtain a
value corresponding to an output of the infrared ray sensor
obtained when the emissivity of the object under measurement
is 1.00, that is necessary for obtaining the temperature of the
object under measurement.

Further, when the temperature-measuring means for
measuring the temperature of the infrared-ray detecting means
is used also as the temperature-measuring means for measuring
the temperature of the probe portion, it is possible to carry
out a correction based on the emissivity without providing the
temperature-measuring means for measuring the probe portion.

Further, when the temperature-measuring means for
measuring the temperature of the infrared-ray detecting means
and the temperature-measuring means for measuring the
temperature of the probe portion are provided separately, it
is possible to actually measure and use the temperature of the
probe portion. Thus, it is possible to obtain more accurately
a volume of infrared rays that are emitted from the object itself
under measurement. As a result, it is possible to calculate
a body temperature more accurately. In other words, even when
the volume of infrared rays from other than the object under
measurement increases due to a warming of the front end of the
probe portion, the temperature of the warmed front end of the
probe portion is measured. Therefore, it is possible to correct

the increased volume.
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Further, when a predetermined arithmetic expression is

given as follows, the calculation becomes simple and the load

of the calculating means can be reduced:

Ty

(T, + V, / Ke) **

where T, represents a temperature of the hole portion of
the 1living being, T, represents a temperature of the
infrared-ray detecting means, V, represents an output of the
infrared-ray detecting means, K represents a constant, and e
represents an emissivity of the hole portion of the living
being.

Further, as the predetermined arithmetic expression is
a linear expression that approximates a temperature (T,) of the
hole portion of the living being by a temperature (T,) of the
infrared-ray detectingmeans, an output (V,) of the infrared-ray
detecting means, and an emissivity (e) of the hole portion of
the living being, the calculation becomes simple and the load
of the calculating means can be reduced.

Further, when a predetermined arithmetic expression is
given as follows, the calculation becomes simple and the load
of the calculating means can be reduced.

T, = T, + Vy, / Ke

where T, represents a temperature of the hole portion of
the living being, T, represents a temperature of the
infrared-ray detecting means, V, represents an output of the
infrared-ray detecting means, K, represents a constant, and e
represents an emissivity of the hole portion of the living

being.
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Further, when a predetermined arithmetic expression is
given as follows, it is possible to carry out the calculation
more accurately.

Ty = {[V, / K+ T'- (1 - e) T,'1 / e} 1/4

where T, represents a temperature of the hole portion of
the living being, V, represents an output of the infrafed-ray
detecting means, K represents a constant, T, represents a
temperature of the infrared-ray detecting means, e represents
an emissivity of the hole portion of the living being, and T,
represents a temperature of the probe portion.

Further, the probe portion has a light-guiding pipe for
guiding an infrared ray emitted from the introduction opening
to the infrared ray sensor and case means for covering the
light-guiding pipe, with a space formed between the light-
guiding piﬁe and the case means, and the second
temperature-measuring means is provided between the case means
and the light-guiding pipe such that the second
temperature-measuring means is in contact with the case means
but is not in contact with the light-guiding pipe. Therefore,
it is possible to measure the temperature of the case means more
accurately, without being influenced by the temperature of the
light-guiding pipe.

Further, a member of the front end of the probe portion
has a thermal capacity to such extent that a temperature does
not change suddenly during a period of time required for
calculating a body temperature of the 1iving being. Therefore,

it does not occur that the temperature of the probe portion
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changes during the measuring of the body temperature so that

the emissivity does not match. Further, there is no change in

the amount of infrared rays emitted from the front end of the

probe portion. As a result, errors will not occur easily.

Further, as a member of the front end of the probe portion
is a window member provided at the introduction opening, it is
possible to obtain a body temperature more accurately by
providing a thermal capacity, which does not permit a sudden
change in temperature during a time required for calculating
the body temperature of a living being, to the window member
that has a large area of exposure within the external acoustic
opening.

Further, the window member is calcium fluoride, silicon
or barium fluoride having a thickness of 0.3 mm or more.
Therefore, it is possible to provide the window member with a
thermal capacity which does not permit a sudden change in
temperature during a time required for calculating the body
temperature of a living being.

Further, as the emissivity is set to 0.90 to 0.98, it is
possible to obtain only the infrared ray emitted from the
eardrum or the external acoustic opening at the time of
measuring a body temperature £rom the external acoustic opening
of a human body. Thus, it is possible to calculate the body
temperature more accurately.

Further, the radiation thermometer has emissivity
setting means for setting the emissivity. Therefore, it is

possible to set an emissivity that matches the shape of the
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external acoustic opening of a person whose body temperature

is being measured. This makes it possible to avoid individual

differences and to measure a body temperature more accurately.

Further, as an emissivity of the hole portion of the
living being when the emissivity is less than one or 1.00 is
selected as the emissivity of an object under measurement, it
is possible to carry out both a normal body temperature
measuring and a measuring for examination using a black body.

Further, as an emissivity is selected according to the
operation of the measuring switch for starting a measuring
operation, it is possible to carry out both a setting of the
emissivity and a body temperature measuring with a smaller

number of switches.

Potential of Industrial Utilization

The present invention is applied to a radiation
thermometer for measuring a temperature of a living being by
utilizing a hole portion of the living being as well as, of course,

for measuring a temperature of a human body.
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1. A radiation thermometer comprising:

infrared-ray detecting means;

a probe portion having a front end to be inserted into
a hole portion of a living being and an introduction opening
provided at the front end for guiding an infrared ray emitted
from the hole portion of the living being to the infrared-ray
detecting means;

temperature-measuring means for measuring a temperature
of the probe portion; and

calculating means for calculating a body temperature of
the 1iving being based on detected values from the infrared-ray
detecting means and the temperature-measuring means,

wherein the calculating means has body temperature
calculating means for calculating a body temperature of the
living being according to a predetermined arithmetic expression
based on an emissivity of the hole portion of the living being
when the emissivity is less than 1, an output of the infrared-ray
detecting means and an output of the temperature-measuring
means. |
2. A radiation thermometer according to Claim 1, wherein the
probe portion has a shape to £ill almost the whole hole portion
of the living being when the probe portion is inserted into the
hole portion of the living being.
3. A radiation thermometer according to Claim 1, wherein the

body temperature calculating means includes a processing for
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dividing an output of the infrared-ray detecting means by the
emissivity.
4. A radiation thermometer according_ to Clairil 1, wherein the
temperature-measuring means serves as temperature-measuring
means for measuring a temperature of the infrared-ray detecting
means.
5. A radiation thermometer according to Claim 1, wherein the
temperature-measuring means comprises a first temperature-
measuring means for measuring a temperature of the probe portion
and a second temperature-measuring means for measuring a
temperature of the infrared-ray detecting means.
6. A radiation thermometer according to Claim 3, wherein the
predetermined arithmetic expression is

T, = (T,* + V, / Ke) **
where T, represents a temperature of the hole portion of the
living being, T, represents a temperature of the infrared-ray
detecting means, V, represents an output of the infrared-ray
detecting means, K represents a constant, and e represents an
emissivity of the hole portion of the living being.
7. A radiation thermometer according to Claim 3, wherein the
predetermined arithmetic expression is a linear expression that
approximates a temperature (T,) of the hole portion of the 1living
being by a temperature (T,) of the infrared-ray detecting means,
an output (V,) of the infrared-ray detecting means, and an
emissivity (e) of the hole portion of the living being.
8. A radiation thermometer according to Claim 3, wherein the

predetermined arithmetic expression is
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T, = T+ V, / K,e
where T, represents a temperature of the hole portion of the
living being, T, represents a temperature of tﬁe infrared-ray
detecting means, V, represents an output of the infrared-ray
detecting means, K, represents a constant, and e represents an
emissivity of the hole portion of the living being.
9. A radiation thermometer according to Claim 3, wherein the
predetermined arithmetic expression is

T, = {[V, / K+ T'- (1 - e) T,)]1 / e} ¥*
where T, represents a temperature of the hole portion of the
living being, V, represents an output of the infrared-ray
detecting means, K represents a constant, T, represents a
temperature of the infrared-ray detecting means, e represents
an emissivity of the hole portion of the living being, and T,
represents a temperature of the probe portion.
10. A radiation thermometer according to Claim 4, wherein the
probe portion has a light-guiding pipe for guiding an infrared
ray emitted from the introduction opening to the infrared ray
sensor and case means for covering the light-guiding pipe, with
a space formed between the light-guiding pipe and the case means,
and the second temperature-measuring means is provided between
the case means and the light-guiding pipe such that the second
temperature-measuring means is in contact with the case means
but is not in contact with the light-guiding pipe.
11. A radiation thermometer according to any one of Claims
1 to 10, wherein a member of the front end of the probe portion

has a thermal capacity to such extent that a temperature does
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not change suddenly during a period of time required for
calculating a body temperature of the 1living being.
12. A radiation thermometer according to Cléim 11, wherein
the front end of the probe portion has a window member provided
at the introduction opening.
13. A radiation thermometer according to Claim 12, wherein
the window member is made of calcium fluoride, silicon or barium
fluoride having a thickness of 0.3 mm or more.
14. A radiation thermometer according to any one of Claims
1 to 13, wherein the hole portion of the living being is an
external acoustic opening of a human being, and the emissivity
is set to 0.90 to 0.98.
15. A radiation thermometer according to any one of Claims
1 to 14, wherein the radiation thermometer has emissivity
setting means for setting the emissivity.
16. A radiation thermometer according to any one of Claims
1 to 15, wherein the radiation thermometer has a peak value
detecting means for detecting a peak value of the infrared-
ray detecting means, and an output of the infrared-ray detecting
means that is used by the calculating means for the calculation
is the peak value.
17. A radiation thermometer comprising:

infrared-ray detecting means;

a probe portion having a front end to be inserted into
a hole portion of a living being and an introduction opening
provided at the front end for guiding an infrared ray emitted

from the hole portion of the living being to the infrared-ray
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detecting means;

temperature—measufinglneans for measuring a temperature
_ of the probe portion: .

emissivity selecting means for selecting either an
emissivity of the hole portion of the living being when the
emissivity is less than 1 or 1.00 as the emissivity of a
temperature-measured object; and

calculating means for calculating a temperature of the
temperature-measured object based on an output of the
infrared-ray detecting means, an output of the temperature-
measuring means, and an emissivity selected by the emissivity
setting means.
18. A radiation thermometer according to Claim 17, wherein
the radiation thermometer has a measuring switch for starting
a measuring operation, and the emissivity selecting means
selects an emissivity according to the operation of the

measuring switch.
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