
EP 0 337 724 B1 Description BACKGROUND OF THE INVENTION 5 FIELD OF THE
INVENTION The present invention relates to a portable, compact radiation
clinical thermometer for measuring a temperature upon insertion in an
external ear canal. 10  DESCRIPTION OF THE PRIOR ART Recently, a pen type
electronic clinical thermometer has been widely used in place of a glass
clinical thermometer. This electronic clinical thermometer is not fraglle
can perform a digital display which Is easy to read, 15  and can generate
an alarm sound such as a buzzer sound for signaling the end of temperature
measurement However, this clinical thermometer requires about 5 to 10
minutes for temperature measure- ment, i.e., substantially the same length
of time as that required by a glass clinical thermometer. This makes a user
feel that body temperature measurement is cumbersome. Such a long
measurement time is based on a method of inserting a sensor portion in an
armpit or a mouth and bringing it into contact with a 20  portion to be
measured. A measurement time is prolonged due to the following two reasons:
(1) A skin temperature at an armpit or a mucous membrane temperature in a
mouth is not equal to a body temperature prior to temperature measurement,
and gradually reaches the body temperature after the armpit or the mouth is
closed. (2) Since the sensor portion of the clinical thermometer has been
cooled down to an ambient 25   temperature, when it is inserted in a
portion to be measured, the temperature of the portion is further lowered.
Temperature measurement of a conventional clinical thermometer will be
described with refence to Fig. 1. Fig. 1 shows temperature measurement
curves of a contact type electronic clinical temperature. In Fig. 30  1,
temperature measurement time is plotted along the axis of abscissa and
measurement temperatures are plotted along the axis of ordinate. A curve H
represents a temperature curve of an armpit as a portion to be measured;
and a curve M, a  measurement temperature curve obtained by the clinical
thermometer. Accordingly, the skin temperature of the armpit is [err] or
less at measurement start time [err], and the temperature of a clinical
thermometer sensor portion is cooled to [err]or less. When the sensor
portion Is 36  inserted in the armpit in this state, and the armpit is
closed, the measurement temperature represented by the curve M of the
sensor portion is quickly raised. However, the temperature represented by
the curve H of the armpit begins to rise gradually toward an actual body
temperature Tb after it is cooled by the sensor portion to a temperature at
time t2. The two temperature curves H and M coincidentally rise from time
[err] when the sensor portion is warmed to the skin temperature of the
armpit. As described above, however, it 40  takes about 5 to 10 minutes for
the curve to reach the actual body temperature. As is known, a method of
measuring a body temperature is performed in practice as follows.
Measurement is performed from time [err] at predetermined intervals. The
measurement values are compared with each other, and maximum values are
sequentially stored. At the same time, a difference between the measurement
values is sequentially checked. The instant when the difference becomes
smaller than a predetermined value is set at time [err] and 45  the
temperature measurement is stopped. Thus, the greatest value at this time
is displayed as a body temperature (e.g., Japanese Patent Laid-Open (Kokai)
No. 50-31888). In consideration of the above-described reasons (1) and (2),
conditions for performing body temperature measurement within a short
period of time are: selection of a portion having a body temperature prior
to measurement, and an actual measurement without bringing a cooled sensor
portion into contact with the so  portion to be measured. A drum membrane
is, therefore, selected as a portion having a body temperature prior to
measurement, and a radiation clinical thermometer is proposed as a clinical
thermometer for measuring the temperature of the portion in a nontact
manner (e.g., U.S.P. No. 3,282,106). The principle of a radiation
thermometer on which the above radiation clinical thermometer is based will
55  be described below. A radiation thermometer is based on a law of
physics, i.e., "all objects emit infrared radiation from their surfaces,
and the infrared radiation amounts and the spectral characteristics of the
objects are determined by their absolute temperatures as well as their
properties and states of their finished surfaces." This law will 2 



EP 0 337 724 B1 be described with reference to the following laws. The
Planck's law states a relationship between the radiant intensity, spectral
distribution, and tempera- ture of a blackbody as follows: 5  [err] where
[err]:  spectral radiant emittance [err] T:       absolute temperature of
blackbody [K] 10    [err]:        wavelength of radiation [err] C:
velocity of light = 2.998 x [err][cm/sec] h:       Planck's constant =
6.625 x 10-34 [err] k:       Boltzmann constant = 1.380 x [err] [W.sec/K]
Fig. 3 shows the Planck's law. As is apparent from Fig. 3, as the
temperature of the blackbody rises, 15  the radiation energy is increased.
In addition, the radiation energy varies depending on wavelengths. The peak
value of the radiant emittance distribution shifts to the short wavelength
side with an increase In temperature, and radiation occurs over a wide
wavelength band. Total energy radiated from the blackbody can be obtained
by integrating [err] given by equation (1) with respect to [err] from [err]
= 0 to [err] This is the Stefan-Boltzmann law. 20 [err]
(2) 25    [err]:   total energy radiated from blackbody [err] [err]:
Stefan-Boltzmann constant = 5.673 x [err] As is apparent fron equation (2),
the total radiation energy [err] is proportional to a power of four of the
absolute temperature of the blackbod, light source. Note that equation (2)
is obtained by integrating the infrared radiation emitted from the
blackbody with respect to all the wavelengths. 30     All the
above-described laws are derived from the blackbody having an emissivity of
1.00. In practice, however, most objects are not ideal radiators, and hence
have emissivities smaller than 1.00. For this reason, the value obtained by
equation (2) must be corrected by multiplying a proper emissivity.
Radiation energy of most objects other than the blackbody can be
represented by equation (3): 35 [err]        4                          . .
. (3) [err]:  emissivity of object 40     Equation (3) represents infrared
energy which is radiated from an object and incident on an infrared sensor.
However, the infrared sensor itself emits infrared radiation in accordance
with the same law described above. Therefore, if the temperature of the
infrared sensor itself is To, its infrared radiation energy can be given as
[err], and energy W obtained by subtracting radiation energy from incident
energy is given by equation (4): 45 [err] [err]:   ambient temperature of
object so    [err]:   reflectance of object Since the transmittance of the
object to be measured can be regarded as zero, [err] can be established. In
equation (4), the infrared sensor is considered to be ideal and hence has
an emissivity of 1.00. In addition, assuming that the Infrared sensor is
left in an atmosphere of an ambient temperature [err] so 55 that the
infrared sensor temperature To is equal to the ambient temperature [err],
equations (4) can be rewritten as equation (5): 3    EP 0 337 724 B1 



W  [err] 5                 [err](5) Fig. 2 shows a basic arrangement of a
conventional radiation thermometer. The arrangement will be described below
with reference to Fig. 2. 10     A radiation thermometer comprises an
optical system 2, a detecting section 3, an amplifying section 4, an
operating section 5, and a display unit 6. The optical system 2 is
constituted by a focusing means 2a for efficiently focusing Infrared
radiation from an object L to be measured, and a filter 2b having
transmission wavelength characteristics. A cylindrical member having an
Inner surface plated with gold is used as the focusing means 2a. A silicon
15  filter Is used as the filter 2b. The detecting section 3 is constituted
by an infrared sensor 3a and a temperature-sensitive sensor 3b. The
infrared sensor 3a converts infrared radiation energy obtained by
subtracting Its own radiation energy from incident infrared radiation
energy focused by the optical system 2 into an electrical signal, i.e., an
infrared voltage [err]in addition, the temperature-sensitive sensor 3b is
arranged near the infrared sensor 3a 20  to measure the temperature of the
infrared sensor 3a and its ambient temperature [err], and outputs a
temperature-sensitive voltage [err]. A thermopile and a diode are
respectively used as the infrared sensor 3a and the temperature-sensitive
sensor 3b. The amplifying section 4 comprises an infrared amplifier [err],
constituted by an amplifying circuit and an AID converter for converting an
output voltage from the amplifying circuit into digital infrared data
[err], for 25  amplifying the infrared voltage [err] output from the
thermopile, and a temperature-sensitive anplifier 4b, constituted by an
amplifying circuit and an A/D converter for converting an output voltage
from the amplifying circuit into digital temperature-sensitive data, for
amplifying the temperature-sensitive voltage [err] as a forward-biased
voltage from the temperature-sensitive sensor 3b, i.e., the diode. Two
signals Vd and To from the amplifying section 4 are then converted into
temperature data T, and so  are displayed on the display unit 6. The
operating section 5 comprises an emissivity input means 5a for setting an
emissivity [err] of the object L, and an operating circuit 5c for
performing an operation based on equation (5). With the above-described
arrangement, temperature measurement of the object L can be performed by a
noncontact scheme. An operation of this temperature measurement will be
described below. 35     The object L emits infrared radiation, and its
wavelength spectrum  distribution covers a wide wavelength range, as shown
in Fig. 3. The infrared radiation is focused by the focusing means 2a,
transmitted through the filter 2b having the transmission wavelength
characteristics, and reaches the infrared sensor 3a. Other Infrared
radiation energies reach the infrared sensor 3a. One is infrared radiation
energy emitted 40  from a certain object near the object L, which is
reflected by the object L and is then transmitted through the filter 2b and
reaches the infrared radiation energy. Another is infrared radiation energy
emitted from the infrared sensor 3a or a certain object near the sensor 3a,
which is reflected by the filter 2b and reaches the sensor 3a. Still
another is infrared radiation energy which is emitted from the filter 2b
and reaches the sensor 3a. 45     The infrared radiation energy from the
infrared sensor 3a can be represented by equation (3). In this case, [err]
= 1.00. That is, to measure the temperature of the infrared sensor 3a
itself is to indirectly measure the infrared radiation energy from the
infrared sensor 3a. For this purpose, the temperature-sensitive sensor 3b
is arranged near the infrared sensor 3a and measures the temperature of the
infrared sensor 3a and the ambient temperature To. The infrared sensor 3a
converts the infrared radiation energy W obtained by 50  subtracting
infrared radiation energy emitted therefrom from infrared radiation energy
incident thereon into an electrical signal. Since the infrared sensor 3a
employs a thermopile, it outputs the infrared voltage [err] proportional to
the infrared radiation energy W. In this case, the infrared voltage [err]
as an output voltage from the infrared sensor 3a corresponds to a value
obtained by multiplying the product of the infrared radiation energy W per
unit area and a light- 55  receiving area S of the infrared sensor 3a by a
sensitivity R. The infrared data [err] as an output voltage from the
infrared amplifier 4a corresponds to a value obtained by multiplying the
infrared voltage [err] from the infrared sensor 3a by a gain A of the
infrared amplifier 4a. 4   



EP 0337 724 B1 [err] Since the above equations can be established, equation
(5) can be expressed as equation (6) as 5 follows: [err] where 10    Vd:
output voltage from infrared amplifier 4a S:   light-receiving area of
infrared sensor 3a R:   sensitivity of infrared sensor A:    gain of
infrared amplifier 4a. Generally, equation (6)is simplified by setting
[err] and hence the temperature T of the object 15  L Is calculated
according to equation (7). [err] [err]  (7) 20     A thermal infrared
sensor used for a conventional radiation thermometer has no wavelength
depen- dency. However, a transmission member such as a silicon or quarts
filter is arranged as a window member on the front surface of a can/package
In which the infrared sensor is mounted due to the following reason. Since
infrared radiation from an object has the wavelength spectrum distribution
shown in Fig. 3, such a filter is used to transmit only infrared radiation
having a main wavelength band therethrough so as to reduce 25  the
influences of external light. Each of the above-described transmission
members has unique transmission wavelength characteristics. A proper
transmission member is selected on the basis of the temperature of an
object to be measured, workability and cost of a transmission member, and
the like. Fig. 4 shows the transmittance of a silicon filter as one of the
transmission members. The silicon filter shown in Fig. 4 transmits only
infrared radiation having a wavelength band from about 1 to 18[err] 30
therethrough, and has a transmittance of about 54%. As described above, an
infrared sensor with a filter has wavelength dependency, i.e., transmits
infrared radiation having a specific wavelength band because of the filter
as a window member although the sensor itself is a temperature sensor and
has no wavelength dependency. Therefore, equation (5) obtained by
integrating infrared radiation energy incident on the Infrared sensor 35
with a filter with respect to all the wavelengths cannot be applied to the
infrared sensor with a filter for transmitting infrared radiation having a
spepific wavelength band, and an error is included accordingly.
Furthermore, In the conventional arrangement the sensitivity R of the
infrared sensor is used as a constant. In practice, however, the
sensitivity R of the infrared sensor varies depending on the infrared
sensor temperature To. Fig. 5 shows this state. In Fig. 5, the sensitivity
R is obtained by actually measuring 40 the output voltage [err] from a
thermopile as an infrared sensor by using a blackbody, and the Infrared
sensor temperature To is changed to plot changes In sensitivity R at the
respective temperatures. As a result, it Is found that the temperature
dependency of the sensitivity R can be approximated to a straight line as
represented by equation (8): 45  [ERR] where a is the sensitivity R as a
reference when [ERR] is a representative infrared sensor temperature, e.g.,
an infrared sensor temperature measured in a factory, and [ERR] represents
a coefficient of variation. In this 50  case, a coefficient of variability
per 1 [deg] is -0.3 [%/deg] . The variation in sensitivity R described
above inevitably becomes an error. The coefficient of variation [ERR] is
influenced by the manufacturing conditions of a thermopile, and can be
decreased by increasing the purity and process precision of the thermopile.
However, thermopiles on the market which are mass-produced have the above
value. 55     A radiation thermometer, however, is normally designed to
measure high temperatures, and has a measurement range from about 0 to
[err] and measurement precision of about [err]. Therefore, errors due to
the above-described filter characteristics, variations in sensitivity of an
infrared sensor, and the like are neglected, and hence no countermeasure
has been taken so far. When measurement conditions as    



EP 0 337 724 B1 a clinical thermometer are taken into consideration,
however, a temperature measurement range may be set to be as small as about
[err], but [err]is required for temperature measurement precision.
Therefore, if the above-described radiation thermometer is used as a
clinical thermometer, temperature measurement precision must be increased
by taking countermeasures against errors due to the filter 5
characteristics and the variations in sensitivity of infrared radiation. A
radiation clinical thernometer disclosed in US-A-4,602,642 employs the
following system as a countermeasure. This radiation clinical thermometer
comprises three units, i.e., a probe unit having an infrared sensor, a
chopper unit having a target, and a charging unit. In addition, a heating
control means for preheating the 10 infrared sensor and the target to a
reference temperature [err] of the external ear canal is provided, and is
driven by charged energy from the charging unit. When a body temperature is
to measured, the probe unit is set In the chopper unit, and the probe unit
having the Infrared sensor and the target are preheated by the heating
control means. In this state, calibration Is performed. Thereafter, the
probe unit is detached from the chopper unit and Is inserted in an external
ear canal to detect infrared radiation from a drum membrane. 15  A body
temperature measurement is performed by comparing the detected infrared
radiation with that from the target. The reasons why temperature
measurement precision is increased by the above-described system will be
described below. According to this system, various error factors are
eliminated by preheating the probe unit having the 2o infrared sensor and
the target to a reference temperature [err] close to a normal body
temperature by using the heating control means. That is, by heating the
probe to the reference temperature higher than a room temperature and
keeping the infrared sensor at a constant temperature regardless of ambient
temperatures, sensitivity variations of the infrared sensor can be
eliminated, and hence its error can be neglected. In addition, calibration
is performed so as to set the reference temperature of the target to be 25
close to a body temperature to be measured, and a comparative measurement
is then perforned so that errors and the like due to the filter
characteristics are reduced to a negligible level. Furthermore, since the
probe is preheated to a temperature close to a body temperature, the
problem of the conventional measurement system can be solved, i.e., the
problem that when a cool probe is inserted in an external ear canal, the
temperatures of the external ear canal and the drum membrane are lowered
because of the 30  probe, so that correct body temperature measurement
cannot be performed. The above-described radiation clinical thermometer
disclosed in US-A-4,602,642 is excellent in tem- perature measurement
precision. However, since this thermometer requires a heating control unit
with high control precision, its structure and circuit arrangement become
complicated to increase the cost. In addition, it requires a long stable
period to preheat the probe and the target and control their temperatures
to a 35 predetermined temperature. Moreover, since the heating control unit
is driven by a relatively large-power energy, a large charging unit having
a power source cord,is required. Therefore, the above-described system
cannot be applied to a portable clinical thermometer using a small battery
as an energy source. SUMMARY OF THE INVENTION 40 it is an object of the
present invention to provide a portable, compact radiation clinical
thermometer at low cost while high temperature measurement precision is
maintained by solving the above-described problems. According to the
invention there is provided a radiation clinical thermometer comprising: 45
a probe including an optical system constituted by focusing means for
focusing infrared radiation from an object (L) to be measured and a filter
having transmission wave-length characteristics, an infrared sensor for
converting infrared radiation energy focussed thereon by said focusing
means and transmitted through the filter into an electrical signal, and a
temperature-sensitive sensor for measuring a temperature of said infrared
sensor or an ambient temperature [err] thereof; so     detection signal
processing means for receiving electrical signals from said infrared sensor
and said temperature-sensitive sensor and outputting the electrical signals
as infrared data and temperature-sensitive data, respectively; body
temperature operating means for calculating body temperature data
comprising a display unit for displaying a body temperature in accordance
with the body temperature data, 55     characterised in that the infrared
sensor, the temperature sensitive sensor, the focusing means and the 



filter are connected to each other by a housing having high thermal
conductivity so as to be kept In a thermal equilibrium state, and in that
the body temperature operating means comprise filter correcting means for
setting a    EP 0 337 724 B1 correction value based on the transmission
wavelength characteristics of said filter, wherein said body temperature
operating means receives the infrared data, the temperature-sensitive data,
and the correction value from said filter correcting means so as to
calculate body temperature data. 5 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1
is a graph showing temperature measurement curves of a conventional
electronic clinical thermometer; Fig. 2 Is a block diagram showing a
circuit arrangement of the conventional electronic thermometer; 10    Fig.
3 is a graph showing changes in intensity of an infrared wavelength
spectrum depending on the temperature of an object; Fig. 4 is a graph
showing the transmission wavelength characteristics of a silicon filter;
Fig. 5 is a graph showing the sensitivity characteristics of an infrared
sensor; Fig. 6 is block diagram showing a circuit arrangement of an
electronic clinical thermometer according to 15    an embodiment of the
present invention; Fig. 7 is a graph of temperature characteristics for
explaining an approximate expression of temperature measurement by the
conventional electronic thermometer; Fig. 8 Is a plan view of an electronic
thermometer of the present invention; Fig. 9 is a side view of the
electronic thermometer in Fig. 8; 20    Fig. 10 is a sectional view showing
an internal structure of a temperature measuring section of the electronic
clinical thermometer in Fig. 8; Fig. 11 is an enlarged sectional view
showing part of the temperature measuring section of the electronic
clinical thermometer; Fig. 12 a side view showing a state wherein the
electronic clinical thermometer is stored in a storage 25    case; Fig. 13
is a view showing a state wherein the temperature measuring section of the
electronic clinical thermometer is inserted in an external ear canal; Fig.
14 is a block diagram showing a circuit arrangement of an electronic
clinical thermometer according to a second embodiment of the present
invention; 30    Fig. 15 is a flow chart for explaining a body temperature
calculating operation in the embodiment shown In Fig. 14; Fig. 16 is a
graph showing a temperature measurement curve of the electronic clinical
thermometer of the present invention; Fig. 17 is a circuit diagram of a
peak hold circuit in the embodiment shown in Fig. 14; 35    Fig. 18 is a
sectional view showing an internal structure of a temperature measuring
section of an electronic clinical thermometer according to a third
embodiment of the present Invention; Fig. 19 is a block diagram showing a
circuit arrangement of the electronic clinical thermometer according to the
third embodiment of the present invention; and Fig. 20 is a sectional view
showing an internal structure of a modification of the temperature
measuring 40    section of the electronic clinical thermometer according to
the third embodiment of the present invention shown in Fig. 18. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 45     The present invention will
be described below with reference to the accompanying drawings. Fig. 6 is a
block diagram showing a basic circuit arrangement of a radiation clinical
thermometer. according to a first embodiment of the present invention. In
this embodiment, variations in sensitivity R are reduced to a negligible
level by using a thermopile manufactured under good manufacturing
conditions so as to correct filter characteristics. so     The same
reference numerals in Fig. 6 denote the same parts as in Fig. 2, and a
description thereof will be omitted. The radiation clinical thermometer of
this embodiment differs from that shown in Fig. 2 in measurement 



of the temperature of the drum membrane of an ear as an object to be
measured and the arrangement of an operation section 5. 55     The
operation section 5 of a radiation clinical thermometer 70 comprises an
emissivity input means 5a for setting an emissivity [err] of an object L to
the measured, a filter correcting means 5b for setting transmission
wavelength characteristics of a filter 2b, and a body temperature operating
circuit 5c.    EP 0 337 724 B1 The operating section 5 of this embodiment,
therefore, calculates a measurement body temperature Tb on the basis of an
emissivity set value from the emissivity input means and a filter
correction value from the filter correcting means 5b. An equation for
temperature calculation with consideration of the wavelength dependency of
an infrared 5  sensor with a filter will be described below. As described
above, the infrared sensor 3a converts the infrared radiation energy W
obtained by subtracting radiation energy from incidence energy into the
infrared voltage [err]. The energy W can be given by equation (9): [err]
[err] [err] . . . (9) 20 where [err] is the transmittance of the filter.
The first term of equation (9) represents infrared radiation energy emitted
from the object L having the emissivity [err] which is transmitted through
the filter 2b and reaches the sensor 3a. The second term represents
infrared radiation energy emitted from an object located near the object L
and having the temperature To, which is transmitted through the filter 2b
and reaches the sensor 3a. The third term 25 represents infrared radiation
energy emitted from the infrared sensor 3a having the temperature To or an
object located near the sensor 3a, which is reflected by the filter 2b and
reaches the sensor 3a, or infrared radiation energy which is emitted from
the filter 2b having the temperature To and reaches the sensor 3a. In this
case, the sum of the transmittance, reflectance, and emissivity of the
transmission member is equal to one. The third term is established in
consideration of the reflection or radiation by the filter 2b. Note that
the 30 infrared radiation from the Infrared sensor 3a Is reflected by the
filter 2b. The fourth term represents Infrared radiation energy from the
infrared sensor 3a itself having the temperature To, and a sign of this
term is negative. Equation (9) can be rewritten to equation (10) as
follows: [err] 40 [err] It is found, therefore, that the infrared radiation
energy obtained by subtracting radiation energy from 45 incident energy of
the infrared sensor 3a having the filter 2b does not correspond to "a value
proportional to the difference between a power of four of the absolute
temperature and that of the temperature of the sensor itself" as
represented by equation (5), but must be given by an equation based on the
transmission wavelength characteristics of the filter 2b as represented by
equation (10). That is, a new equation must be established in place of the
Stefan-Boltzmann law represented by equation (2). so    If infrared
radiation energy emitted from the blackbody having the absolute temperature
T, which is transmitted through a filter having a transmittance [err] is
set to be F(T), F(T) can be represented by equation (11) as follows: 55
[err]                               ...(11)    EP 0 337 724 B1 In this
case, assuming that the absolute temperature T has a temperature range from
[err] to [err] the infrared radiation energy F(T) is calculated with
respect arbitrary absolute temperatures [err] according to equation (11).
The calculation results are summarized In Table 1. 



5 Table 1 10                                      [err] 20
[err] It is, therefore, examined how the relationship between the absolute
temperature T and the Infrared 25  radiation energy F(T) transmitted
through the filter is associated with the Stefan-Boltmann law. Fig. 7 is a
graph for explaining the examination process. The process will be described
below with reference to Fig. 7. In this graph, absolute temperatures [K]
are plotted along the axis of abscissa and radiation energies [err] are
plotted along the axis of ordinate. Referring to Fig. 7, a curve A is a
characteristic curve based on equation (2) representing the
Stefan-Boltzmann law, and a curve B is a characteristic curve based on the
30  present invention considering the filter characteristics. The curve B
is obtained such that a curve B' is prepared by connecting points
respectively represent- ing radiation energies at the absolute temperatures
[err] shown in Table 1, and the curve A is modified and moved to overlap
the curve B'. Types of modification and movement of the curve [err] are
determined by selecting a coefficient a of a term of degree 4 of the curve
A, a displacement b in the direction of the 35  abscissa axis, and a
displacement c in the direction of the ordinate axis so as to overlap the
curve A and the curve B'. As a result, equation (11) is approximated to
equation (12) by using the three types of set values a, b, and c. 40  [err]
Subsequently, proper values a, b, and c in equation (12) are obtained from
the values shown in Table 1 by a method of least squares or the like.
Substitutions of these values Into equation (12) yield an approximate
equation. 45     The set values a, b, and c will be described below in
comparison with equation (2) representing the Stefan-Boltzmann law. The set
value a is a coefficient of the absolute temperature T of degree 4, and
corresponds to the Stefan Boltzmann constant a of the curve A. The value a
takes a unit value of [err]. The set value b represents a symmetrical axis
temperature. In the curve A, an absolute temperature 0 [K] is set to a 50
symmetrical axis, whereas in the curve B, an absolute temperature b [K] is
set to be a symmetrical axis. The set value c represents a minimum value.
In the curve A, 0 [err]is set to be an offset, whereas in the curve B, c
[err] is set to be an offset. 55    EP 0 337 724 B1 If equation (10) is
rewritten by using equation (12), equation (13) is established as follows:
[err] [err] 4 [err] 10 As is apparent from equation (13), the minimun value
c is canceled. In this case, the infrared data [err] based on infrared
radiation emitted from the drum membrane is obtained from the
light-receiving area S and the sensitivity R of the infrared sensor 3a and
the gain A of the infrared amplifier 4a by setting [err] = aSRA. Equation
(13) is then rewritten as equation (14). The body 15   temperature Tb
through the drum membrane Is calculated by using equation (15) on the basis
of equation (14). 20 [err] That is, when a filter having transmission
wavelength characteristics is used for an optical system member, a
temperature calculation is not performed on the basis of the law "infrared
radiation energy is proportional to a power of four of the absolute
temperature T", but must be based on equation (14) 25  representing the law
"infrared radiation energy is proportional to a power of four of (the
absolute temperature T - the symmetrical axis temperature b)." As a result,
the filter correcting means 5b shown in Fig. 6 outputs the symmetrical axis
temperature b, 



and the operating circuit 5c calculates the body temperature Tb of the
object L to be measured, i.e., the drum membrane on the basis of equation
(15). 30     An approximate expression in consideration of a silicon filter
used as the filter 2b in practice will be described below. Fig. 4 shows the
transmission wavelength characteristics of the silicon filter. However, in
order to simplify a calculation, the transmission wavelength band of the
silicon filter is set to be 1 to 18 [err] , and its transmittance is set to
be 54%. 35 [err] [err]           ...(16) 40 Equation (1) is substituted
into W(X,T). Since a measurement environment, i.e., the measurement
temperature range of the object to be measured is set between 0[err] and 50
[err]are respectively set to be 273 [K] and 323 [K]. 45  Table 2 shows the
calculation results of equation (16). The values a, b, and c when equation
(12) is approximated by using the data shown in Table 2 are obtained by a
method of least squares: a = 4.101 [err] 50  b = 45.96 [K] c = -6.144 x
[err] That is, the coefficient a of a term of degree 4 and the symmetrical
axis b thus obtained represent the transmission wavelength characteristics
of the silicon filter. These values a and b are output from the filter 55
correcting means 5b. The filter correcting means 5b is part of an operating
program memory of the operating section 5, in which the coefficient a of
the term of degree 4 and the symmetrical axis temperature b are written. 10
EP 0 337 724 B1 Table 2 [err] 5                      273          10.290
299         16.208 275         10.679        301          16.746 277
11.078        303          17.298 279         11.487        305
17.862 281         11.908        307          18.439 10
283          12.339        309          19.030 285         12.782
311          19.634 287         13.236        313          20.252 289
13.701        315          20.884 291         14.178        317
21.530 15                         293         .14.667       319
22.191 295         15.169        321          22.865 297         15.682
323          23.555 That is, when a silicon filter is used as a window
member for measurement of an infrared sensor, the 20 temperature T of an
object to be measured is not calculated by equation (5), but is calculated
by equation (14), thereby performing temperature calculations with high
precision. As is apparent from the above description, according to this
embodiment, even if a transmission member haying transmission wavelength
characteristics is used as a window member of an infrared sensor, 25
temperature measurement of an object to be measured can be performed with
high precision. In addition, even if the material of the transmission
member as a window member of the infrared sensor is changed, temperature
measurement can be performed with high precision by updating the value of
the filter correcting means 5b as part of the program memory. In the above
embodiment, an approximate expression having a term of degree 4 as
represented by 



30 equation (12) is used as a new equation replacing the Stefan-Boltzmann
law. However, as shown in Fig. 7, in body temperature measurement, only a
portion of the temperature measurement curve is used as a measurement range
such as the range from [err] to [err]. Therefore, an approximate expression
having a term of degree 4 need not be used. Satisfactory precision of a
clinical thermometer can be obtained by using an approximate expression
with a proper degree. For example, expression (14) can be employed as an
approximate equation having a term of degree 2: [err] A detailed
arrangement of a radiation clinical thermometer which is actually
manufactured by using a 40 commercially available thermopile manufactured
in consideration of mass production will be described below as a second
embodiment of the present invention. Figs. 8 and 9 are bottom and side
views, respectively, showing a radiation clinical thermometer according to
the second embodiment of the present invention. Reference numberal 1
denotes a radiation clinical thermometer comprising a main body portion 10
and a head portion 11. The display unit 6 for displaying a body temperature
is arranged on the lower surface of the main body portion 10. A check
button 12 having a push button structure is formed on the upper surface of
the portion 11. A power switch 13 having a slide structure and major
buttons 14 and 15 each having a push button structure are respectively
formed on the side surfaces of the portion 11. The head portion 11 extend
from the end of the main body portion 10 in the form of an L shape. The end
of the head portion 11 constitutes a probe 16. The probe 16 comprises an
optical system 2 and a detecting section 3 shown in Fig. 6. The radiation
clinical thermometer 1 is operated as follows. A check operation (to be
described later) is performed while the power switch is ON. Thereafter,
while the probe 16 is inserted in an external ear canal of a patient to be
examined, either or both of the major switches 14 and 15 Is/are depressed,
thereby instantaneously completing body temperature measurement. The
measurement result is displayed on the display unit 6 as a body
temperature. Fig. 10 is a sectional view of the head portion 11. Each of
case members 17 and 18 consists of a resin molded member having a very low
thermal conductivity. A portion of the case 17 covering the probe 16
constitutes a cylindrical member 17a, in which a metal housing 19
consisting of a lightweight metal having a 11    EP 0 337 724 B1 high
thermal conductivity such as aluminum is fitted. The metal housing 19
comprises a cylindrical portion 19a and a base portion 19d having a hollow
portion 19b communicating with the cylindrical portion 19a and a recess 19c
in which a temperature-sensitive element is embedded. In addition, a step
portion 19e for attachment of a filter is formed at the distal end of the
cylindrical portion 19a. An optical guide 20 consisting 5  of a brass (Bu)
pipe having an Inner surface plated with gold (Au) is fitted in the
cylindrical portion 19a. A dust-proof hard cap 21 selectively allowing
infrared radiation to pass therethrough is fixed to the step portion 19e.
In addition, a thermopile as the infrared sensor 3a and the
temperature-sensitive sensor 3b are respectively embedded In the hollow
portion 19b and the recess 19c of the base portion 19d by sealing resins 22
and 23. The infrared sensor 3a and the temperature-sensitive sensor 3b are
respectively 10 connected to wiring patterns of a circuit board 26 through
leads 24 and 25, and are led to amplifying circuits to be described later.
According to the above-described arrangement, since the infrared sensor 3a,
the optical guide 20, and the hard cap 21 are connected to each other
through the metal housing 19 having a high thermal conductivity, they can
always be kept In a thermal equilibrium state. This uniform temperature Is
detected 15  by the temperature-sensitive sensor 3b. Reference numeral 28
denotes a temperature measurement cover which is detachably fitted on the
probe 16 and is constituted by a resin having a low thermal conductivity. A
distal end portion 28a of the cover 28 consists of a material through which
infrared radiation can be transmitted. Fig. 11 is an enlarged sectional
view of the distal end portion of the probe 16. The distal end portion 20
28a of the cover 28 covers the distal end portion of the probe 16 so as to
prevent contact of the probe 16 with the inner wall of the external ear
canal. Fig. 12 is a side view showing a state wherein the radiation
clinical thermometer 1 is stored in a storage 



case 30. The storage case 30 comprises a mounting portion 30a for mounting
the main body portion 10, and a storage portion 30b for storing the probe
16. A reflecting plate 31 is fixed to a bottom surface 30c of 26 the
storage portion 30b at a position corresponding to the distal end portion
of the probe 16. In addition, a button depressing portion 30d is formed on
the storage case 30 at a position corresponding the check button 12. The
storage case 30 is used to perform an operation check of the radiation
clinical thermometer 1. When the thermometer 1 is set in the storage case
30 with the power switch 13 being turned on as shown in Fig. 12, the distal
end portion of the probe 16 is set on the reflecting plate 31, and at the
same 30 time, the check button 12 is depressed by the button depressing
portion 30d. This state is a function check state to be described later. In
this state, a user can know from a display state of the display unit 6
whether body temperature measurement can be performed. Fig. 13 is a
sectional view of an ear, showing a state wherein a body temperature
measurement is performed by the radiation clinical thermometer 1. Reference
numeral 40 denotes a canal; 41, external ear 35 canal; and 42, a drum
membrane. A large number of downy hairs 43 are grown from the inner wall of
the external ear canal 41. Earwax 44 Is sometimes formed on the inner wall
of the external ear canal 41. When the distal end portion of the probe 16
of the radiation clinical thermometer 1 is inserted in the external ear
canal 41, and the major buttons 14 and 15 are depressed with the distal end
portion directed to the drum membrane 42 as shown in Fig. 13, a body
temperature measurement can be instantaneously performed. 40     Fig. 14 is
a block diagram of the radiation clinical thermometer 1 in Fig. 8. The same
reference numerals in Fig. 14 denote the same parts as in Fig. 6, and a
description thereof will be omitted. Portions different from Fig. 6 will be
described below. Reference numeral 50 denotes a detection signal processing
section. Fig. 14 show a detailed arrangement of the section 50
corresponding to the amplifying section 4 shown in Fig. 6. More
specifically, the section 50 comprises an infrared amplifying circuit 51
for 45 amplifying an infrared voltage [err] output from the infrared sensor
3a, a temperature-sensitive amplifying circuit 52 for amplifying a
temperature-sensitive voltage vt output from the temperature-sensitive
sensor 3b, a peak hold circuit 53 for holding a peak value of an output
voltage [err] from the infrared amplifying circuit 51, a switching circuit
54 for receiving the output voltage [err] from the infrared amplifying
circuit 51 and an output voltage [err] from the peak hold circuit 53 at
input terminals [err] and [err], respectively, and selectively 50
outputting them from an output terminal 0 in accordance with conditions
provided from a control terminal C, an A/D converter 55 for converting the
infrared voltages [err] output from the switching circuit 54 into digital
infrared data [err] and an A/D converter 55 for converting the output
voltage Vt from the temperature- sensitive amplifying circuit 52 into
digital temperature-sensitive data To. With this arrangement, the section
50 converts the infrared voltage [err] and the temperture-sensitive voltage
[err] supplied from the detecting 55 section 3 into the digital infrared
data Vd and temperature-sensitive data [err], and outputs them. An
operating section 60 corresponds to the operating section 5 shown in Fig.
6, and comprises an emissivity input means 5a, a filter correcting means
5b, a body temperature operating circuit 61 cor- responding to the
operating circuit 5c, a display driver 62 for receiving a body temperature
data [err]    EP 0 337 724 B1 calculated by the operation circuit 61 and
displaying it on a body temperature display portion 6a of a display unit 6,
a zero detector 63 for receiving the infrared data Vd output from the
detection signal processing section 50 and outputting a detection signal So
when the infrared data Vd Is detected to be zero so as to illuminate a
measurement permission mark 6b of the display unit 6, a sensitivity
correcting 6  calculator 64 for receiving the temperature-sensitive data To
output from the section 50, calculating a sensitivity R in accordance with
equation (8) shown In Fig. 5, and outputting it, and a sensitivity data
input means 65 for outputting as sensitivity data D a value which is
externally input-set on the basis of the light- receiving area S of the
Infrared sensor 3a and the gain A of the infrared amplifying circuit 51
shown in equation (6). 10     Reference numeral 90 denotes a switch circuit
to which a major switch [err] operated by the major switches 14 and 15
shown in Fig. 8 and a check switch [err] operated by the check button 12
are connected. When either of the major buttons 14 and 15 is depressed, the
major switch [err]is turned on, and a major signal Sm is output from a
terminal M. When the radiation clinical thermometer 1 is set in the storage
case 30 as shown in Fig. 12, the check 15  button 12 is depressed, and the
check switch [err] is turned on. As a result, a check signal [err] is
output 



from a terminal C. The major signal [err] output from the terminal M of the
switch circuit 90 is supplied to enable terminals E of the body temperature
operating circuit 61 and the sensitivity correcting calculator 64. As a
result, both the circuit 61 and the calculator 64 are set in an operative
mode, and at the same time, the zero detector 63 20  is reset. The check
signal [err] output from the terminal C of the switch circuit 90 is
supplied to an enable terminal E of the zero detector 63, the control
terminal C of the switching circuit 54, and a reset terminal R of the peak
hold circuit 53. An operation of the radiation clinical thermometer 1
having the above-described arrangement will be described below. 25     In
an initial state wherein the power switch 13 of the radiation clinical
thermometer 1 shown in Fig. 8 is turned on, since both the check switch
[err] and the major switch [err] are kept off, the check signal [err] and
the major signal [err] are not output from the switch circuit 70.
Consequently, in the operation section 60, the body temperature operating
circuit 61 and the sensitivity correcting calculator 64 are set in a
non-calculation mode, and the zero detector 63 is set in an inoperative 30
mode. In addition, the switching circuit 54 of the detection signal
processing section 50 selectively outputs the voltage [err] input to the
terminal [err] to the output terminal 0. The reset state of the peak hold
circuit 53 Is released and is set in an operative state. The initial state
is established in this manner. A function check mode will be described
next. When the thermoneter 1 is set In the storage case 30 as shown in Fig.
12, the check button 12 is urged 35 against the button depressing portion
30d of the storage case 50. As a result, the check switch [err] shown in
Fig. 14 is turned on, and at the same time, the distal end portion of the
probe 16 is set at the position of the reflecting plate 31. Consequently,
the switch circuit 90. outputs the check signal [err] from terminal C when
the check switch [err] is turned on, and supplies it to the peak hold
circuit 53, the switching circuit 54, and the zero detector 40 63. Upon
reception of the check signal [err], in the detection signal processing
section 50, the peak hold circuit 53 is reset, and at the same time, the
switching circuit 54 is switched to a state wherein the voltage [err]
supplied to the input terminal [err] is selectively output to the output
terminal 0. Subsequently, the A/D converter 55 converts the infrared
voltage [err] into a digital value and outputs it as the infrared data Vd.
In the operation section 60, the body temperature operating circuit 61 and
the sensitivity correcting calculator 64 45 are set in an inoperative mode,
and only the zero detector 63 is set in an operative state. The state of
each portion in the function check mode has been described so far. The
radiation clinical thermometer 1 in this function check mode is operated as
follows. The infrared data [err] obtained by converting infrared radiation
reflected by the reflecting plate 31 into a digital value by using the
infrared sensor 3a, the infrared amplifying circuit 51, the switching
circuit 54, and the A/D converter 55 is determined by the zero detector 50
63. If this infrared data Vd is zero, the zero detector 63 outputs the
detection signal So from the output terminal 0 so as to illuminate the
measurement permission mark 6b of the display unit 6. The contents of the
function check mode will be described below. Referring to Fig. 10, as
described above, since the infrared sensor 3a, the optical guide 20, and
the hard cap 21 are connected to each other through the metal housing 19
having a high thermal conductivity, 55 thermal equilibrium of these
components can be obtained. The above-described function check mode is a
mode for confirming that the thermal equilibrium is satisfactorily
obtained. More specifically, infrared radiation energies emitted from the
optical guide 20 and the hard cap 21 each having the temperature T are
reflected by the reflecting plate 31, and are incident on the infrared
sensor 3a. In addition, infrared radiation 13    EP 0 337 724 B1 energy is
emitted from the infrared sensor 3a having the temperature To. The energy W
obtained by subtracting the emitted energy from the incident energy is
given by equation (5) as described above: [err] 5 If T = [err] the energy W
is not present. Hence, all the voltages [err]and the infrared data [err]
are set to zero, and the detection signal So is output from the zero
detector 63. That Is. the measurement permission mark 6b is Illuminated to
confirm that the heat source causing noise is present near the optical
system 2, 



and hence body temperature measurement can be performed. Note that the zero
detector 63 determines 10  the infrared data [err] as a digital value. A
determination value need not be strictly zero. The zero detector 63 outputs
the detection signal So if the infrared data Vd is smaller than a
predetermined determination value. In this case, even if the determined
value is not zero, It is regraded as negligible. if T [err] To according to
equation 5, i.e., if there is a temperature difference among the infrared
sensor 3a, the optical guide 20, and the hard cap 21, the differential
energy W is present. Therefore, the infrared data Vd becomes larger than 15
the determination level of the zero detector 63. As a result, the detection
signal So is not output, and the measurement permission mark 6b is not
illuminated. In actual use of the radiation clinical thermometer 1 the
state of T [err] To occurs as follows. When the environmental temperature
in use of the radiation clinical thermometer 1 is abruptly changed, the
above state occurs. In this case, T [err] To occurs due to differences in
heat capacity and response 20  characteristics of the respective elements.
Since a measurement error corresponding to the value of the infrared data
Vd based on the differential energy W occurs, the thermometer 1 is set in a
measurement disable state. In this state, if the thermometer 1 is left In a
constant environmental temperature for a while, the respective elements are
stabilized in a thermal equilibrium state upon thermal conduction through
the metal housing 19, and the thermometer 1 is set in a measurement
permission state. However, it may takes 25 several tens of minutes to
established such a stable state. The function check mode has been described
so far. A body temperature measurement mode will be described next. The
radiation clinical thermometer 1 is detached from the storage case 30 after
illumination of the measurement permission mark 6b is confirmed in the
above-described function check mode. When the 30  thermometer 1 is detached
from the case 30, depression of the check button 12 is released, so that
the check switch [err] is turned off, and output of the check signal [err]
from the terminal C of the switch circuit 90 is stopped. As a result, the
reset state of the peak hold circuit 53 is released. At the same time, the
switching circuit 54 is returned to the selection state for the input
terminal [err], and the zero detector 63 is returned to the inoperative
state. 35     Consequently, in the detection signal processing circuit 50,
the peak voltage [err] of the infrared voltage [err] output from the
infrared amplifying section 51, which is held by the peak hold. circuit 53,
is supplied to the A/D converter 55 through the switching circuit 54,
thereby outputting the digital infrared data Vd converted from the peak
voltage [err]. Although the zero detector 63 of the operating section 60 is
returned to the inoperative state, the 40  measurement permission mark 6b
of the display unit 6 Is kept illuminated because the detection signal So
is held by a storage circuit arranged in the zero detector 63. Since the
major signal [err] is supplied to the reset terminal R, the detection
signal So of the zero detector 63 is maintained until the storage circuit
is reset. A measurement ready state is established in the above-described
manner. When the major buttons 14 45  and 15 are depressed after the
radiation clinical thermometer 1 is inserted in the external ear canal 41
in this state as shown in Fig. 13, a body temperature measurement is
performed. More specifically, when the major buttons 14 and 15 are
depressed, the major switch [err] shown in Fig. 14 is turned on, and the
major signal [err] is output from the terminal M of the switch circuit 90.
As a result, in the operation section 60, the body temperature operating
circuit 61 and the sensitivity correcting calculator 64 are set in an
operative 5o  mode, and at the same time, the zero detector 63 is reset to
turn off the measurement permission mark 66 of the display unit 6. Infrared
radiation energy which is emitted from the drum membrane 42 and is incident
on the the probe 16 (the optical system 2 and the detecting section 3 in
Fig. 14) inserted in the external ear canal 41 is converted into the
infrared voltage [err] by the infrared sensor 3a, and is amplified to the
voltage [err] by the infrared amplifying circuit 51. Thereafter, the peak
voltage [err] is held by the peak hold circuit 53. 55 The peak voltage
[err] is converted into the infrared data Vd by the A/D converter 55, and
is supplied to the operating section 60. In addition, the
temperature-sensitive sensor 36 embedded in the metal housing 19 detects
the temperature of the infrared sensor 3a and converts it into the
temperature-sensitive voltage [err]. The voltage is converted into the
temperature-sensitive data To by the A/D converter 56, and is then 14    EP
0 337 724 B1 



supplied to the operation section 60. When the infrared data Vd and the
temperature-sensitive data To are supplied to the operation section 60, the
sensitivity correcting calculator 64 calculates the sensitivity R by using
the data To on the basis of equation (8). Note that the coefficient of
variation [err] is set to be -0.03. The body temperature operating 5
circuit 61 then receives the sensitivity R calculated by the calculator 64,
the sensitivity data D from the sensitivity data input means, and the
coefficient a of a term of degree 4 from the filter correcting means 5b,
and calculates a sensitivity coefficient [err] of this system as [err] =
aRD. Upon reception of the calculated sensitivity coefficient [err] the
emissivity [err] from the emissivity input means 5a, and the symmetrical
axis temperature b from the filter correcting means 5b, the body 10
temperature operating circuit 61 performs a calculation based on equation
(17): [err] Equation (17) is further rewritten to equation (18) so as to
calculate the body temperature data [err] Since 15  the external ear canal
has a uniform temperature, and the canal Is regarded as a blackbody, the
emissivity e Is set set as [err]` = 1. [err] 20  for b = 45.95 [K]. Thus,
the body temperature data [err] is displayed on a digit display portion 6a
of the display unit 6 through the display driver 62. One body temperature
measurement is performed in this manner. A procedure of this operation will
be described with reference to the flow chart of Fig. 15. When the probe 16
is inserted in the external ear canal 41 (step 2)), infrared radiation
energy from the 25 drum membrane 42 is converted into the infrared voltage
[err],and its peak voltage [err] is held by the peak hold circuit 53 (step
[err]). The presence/absence of the major signal [err] is then determined
(step[err]). If the major buttons 14 and 15 are not depressed, NO is
obtained in this step, and only the peak value holding operation in step
[err] is performed. If the major buttons 14 and 15 are depressed, YES is
obtained in step [err] As a result, the zero detector 30  63 is reset by
the major signal Sm (step [err]). At the same time, the sensitivity
correcting calculator 64 reads the temperature-sensitive data To (step
[err] and calculates the sensitivity R (step [err]). The body temperature
operating circuit 61 reads the emissivity [err], the coefficient a, the
sensitivity R, and the sensitivity data D (step [err]) and calculates the
sensitivity coefficient [err] by using the values a, R, and D (step [err]).
In addition, the operating circuit 61 reads the symmetrical axis
temperature b and the peak-held 35  infrared data [err] (step [err]) and
calculates the body temperature data [err] (step [err]). The display driver
62 receives the body temperature data [err] and displays the body
temperature on the display unit 6 (step [err]) thereby completing the body
temperature measurement. The function of the peak hold circuit 53 shown in
Fig. 14 will be described below with reference to Fig. 16. 40     Fig. 16
shows a temperature measurement curve of the radiation clinical thermometer
1 of the present invention, which corresponds to the temperature
measurement curve of the conventional electronic clinical thermometer shown
in Fig. 1. Temperature measurement time is plotted along the abscissa axis,
and measurement temperatures are plotted along the ordinate axis. The
external ear canal 41 is a portion to be measured. A temperature curve 45
[err] of the external ear canal 41 coincides with a measurement temperature
curve[err] of the radiation clinical thermometer 1. As describe above, the
downy hairs 43 and the earwax 44 are present in the external ear canal 41,
as shown in Fig. 13. Similar to the drum membrane 42, the downy hairs 43
and the earwax 44 are warmed to a temperature very close to a body
temperature prior to the start of temperature measurement. This state is
indicated at time [err] in Fig. 16. More specifically, time [err] is the
instant when the probe 16 is so  inserted in the external ear canal 41.
Since the temperature in the external ear canal 41 at this instant is
substantially equal to the body temperature [err], infrared radiation
energy having a body temperature level is incident on the infrared sensor
3a, and is stored in the peak hold circuit 53 as the peak voltage [err].
However, the temperature in the external ear canal 41 is cooled by the
probe 16 and quickly drops immediately after the probe 16 is inserted, as
indicated by the ten'perature curve [err]. With this temperature 55  drop,
the infrared voltage [err] detected by the infrared sensor 3a drops to the
level of the temperature measurement curve [err] and hence cannot exceed
the peak voltage [err]. For this reason, the peak voltage [err] at time
[err] is stored in the peak hold circuit 53. It takes about 10 minutes for
the lowered temperature represented by the curve [err] to return to the
original body temperature [err]. The reason will be described 15 



EP 0 337 724 B1 below with reference to Fig. 13. When the probe 16 is
inserted in the external ear canal 41, all the temperatures of the drum
membrane 42, each downy hair 43, and the earwax 44 are decreased. Of these
portions, the temperature of the drum membrane 42 can return to the level
of the body temperature [err] relatively quickly because of themal 5
conduction from the body. However, since the thermal conduction from the
body to each downy hair 43 and the earwax 44 having low degree of adhesion
to the body is less, about 10 minutes are required for their temperatures
to return to the level of the body temperature [err]. Therefore, the
temperature In the external ear canal 41 is set at the level of the body
temperature [err] only at time [err] i.e., the instant when the probe 16 Is
inserted. Since the series of operation processing of the radiation
clinical thermometer 1 cannot be l0 performed by using the infrared
radiation energy in such a short period of time, the peak voltage [err]
appearing at the Instant is stored in the peak hold circuit 53 as analog
data, as Indicated by a dotted line In Fig. 16. The A/D conversion and the
series of operation processing are performed by using this stored peak
voltage [err] thereby performing the body temperature measurement. That is,
in a radiation clinical thermometer without a preheating unit as in the
present invention, the 15  peak hold circuit 53 is indispensable. By using
the peak hold circuit 53, the body temperature [err] at time [err] can be
measured within a very short period of time. Fig. 17 a detailed arrangement
of the peak hold circuit 53. The peak hold circuit 53 comprises an input
buffer 80, an output buffer 81, a diode 82 for preventing a reverse current
flow, a signal charging capacitor 83, and a switching transistor 84 for
causing the capacitor 83 to discharge a charged voltage. The peak hold 20
circuit 53 receives the Infrared voltage [err] and outputs its peak value
as the peak voltage [err]. In addition, when the switching transistor 84 is
turned on by the check signal [err] supplied to the reset terminal R, the
circuit 53 causes the capacitor 83 to discharge a charged voltage. Fig. 18
is a sectional view of a head portion 110 according to a third embodiment
of the present invention. The same reference numerals in Fig. 18 denote the
same parts as in Fig. 10, and a description 25 thereof will be omitted. The
head portion in Fig. 18 differs from that in Fig. 10 in that a through hole
19f is formed in a cylindrical portion 19a of a metal housing 19 so as to
expose an optical guide 20, and a temperature- sensitive sensor 3c is fixed
to the exposed portion of the optical guide 20. This temperature-sensitive
sensor 3c is Identical to the temperature-sensitive sensor 3b, and Is also
fixed by a molding resin. 30     That is, the third embodiment differs from
the second embodiment in a system for correcting thermal equilibrium in a
probe 16. The second embodiment employs the system of permitting
measurement upon confirmation of thermal equilibrium by the function check
mode. In this system, measurement is inhibited while thermal equilibrium is
not established. In contrast to this, the third embodiment comprises the
two temperature-sensitive sensors 3b and 3c to detect a temperature
difference between an infrared sensor 3a 35 and the optical guide 20. In
this system, if this temperature difference is excessively large,
measurement Is inhibited. If it is smaller than a predetermined value, body
temperature measurement is permitted even though thermal equilibrium is not
established. In this case, body temperature data is calculated by adding a
correction value based on the temperature difference to the measurement
value, thus widening the range of measurement conditions of the radiation
clinical thermometer. 40     The circuit arrangement and operation of the
radiation clinical thermometer of the third embodiment will be described
below with reference to Fig. 19. The same reference numerals in Fig. 19
denote the same parts as in Fig. 14, and a description thereof will be
omitted. As shown in Fig. 18, a detecting section 3 comprises a
temperature-sensitive sensor 3c for measuring a temperature [err] of the
optical guide 20. In the detection signal processing section 50, the
switching circuit 45  54 is omitted, and an output voltage [err], from a
peak hold circuit 53 is directly supplied to an A/C converter 55. A
temperature-sensitive amplifying circuit 57 and an A/D converter 58 are
additionally arranged in the section 50 so as to output the
temperature-sensitive data Tp. In an operating section 60, an emissivity
[err] of the optical guide 20 is set in an emissivity input means 5a, and a
temperature difference detector 67 is arranged in place of the zero
detector 67 shown in Fig. 1. 50 The temperature difference detector 67
receives temperature data To of the infrared sensor 3a detected by the two
temperature-sensitive sensors 3b and 3c and the temperature data [err] of
the optical guide 20, and 



performs temperature difference determination with respect to a
predetermined measurement limit tempera- ture difference Td. If [err] Td,
i.e., the temperature difference is smaller than the limit temperature
difference, the detector 67 outputs a detection signal So so as to
illuminate a measurement permission 55  mark 6b of a display unit 6. This
temperature difference determination is continued while the power switch 13
shown in Fig. 9 is turned on. Therefore, the operation of the check button
12 as in the second embodiment is not required.    EP 0 337 724 B1 When the
measurement permission mark 66 is illuminated, a body temperature
measurement mode is set in the same manner as in the second embodiment.
However, the difference is that the temperature- sensitive data [err] of
the optical guide 20 is supplied to a body temperature operating circuit 61
in addition to the respective data described with reference to Fig. 14. In
this embodiment, the circuit 61 calculates body 5  temperature data Tb2 in
accordance with the following equation (19): 4 10                    [err]
. . . (19) where b = 45.95 [K] and [err] = 0.05. This body temperature data
[err] is obtained by correcting the temperature difference by the
arithmetic operations described above, and is displayed on a body 15
temperature display portion 6a of the display unit 6. Furthermore, In this
embodiment, a check signal [err] output from a switch circuit 90 resets
only the peak hold circuit 53. Therefore, when re-measurement of a body
temperature is to be performed, the peak hold circuit 53 must be reset
first by operating the check button after illumination of the measurement
permission mark 6b is confirmed. As described above, according to this
embodiment, since body temperature measurement can be 20 performed without
waiting for perfect thermal equilibrium of the respective elements of the
probe 16, intervals of repetitive measurements can be reduced. In addition,
since the function check using Infrared radiation is not required, a
switching circuit and a storage case are not required so that the
arrangement can be simplified. In this embodiment, as an optimal
embodiment, the arrangement wherein the second temperature- 25 sensitive
sensor 3c is attached to the optical guide 20 is shown. However, the
present invention is not limited to this. More specifically, the second
temperature-sensitive sensor 3c is designed to detect the surface
temperature of the optical guide 20 which responds to an ambient
temperature more sensitively than the portion in which the
temperature-sensitive sensor 3b is embedded. In consideration of the fact
that the surface temperature of the optical guide 20 is substantially equal
to the ambient temperature, the 30 temperature-sensitive sensor 3c may be
mounted on a circuit board on which a measurement IC chip is mounted as
shown in Fig. 20 so as to measure an ambient temperature, so that the
measured ambient temperature is used as the surface temperature of the
optical guide 20. This arrangement can also be satisfactorily used in
practice. As has been described above, according to the present invention,
a filter correction value and a 35  sensitivity correction value are
supplied to a body temperature operating circuit to calculate body
temperature data, so that high measurement precision can be realized
without using a heating unit as in the conventional thermometer, thus
realizing a compact, low-cost radiation clinical thermometer which can be
driven by a small battery and which can shorten a measurement time. In
addition, by employing a peak hold circuit for analog data in the radiation
clinical thermometer, 40  instantaneous measurement can be performed, thus
preventing a measurement disable state due to a temperature drop of a
portion to be measured upon insertion of a probe. Moreover, by employing a
temperature difference correcting system using two temperature-sensitive
sensors, re-measurement intervals can be shortened, and the problem of
thermal equilibrium of a probe, which narrows the range of measurement
conditions of the radiation clinical thermometer, can be solved. 45
Therefore, the present invention is very effective to widely use a
radiation clinical thermometer as a home thermometer, which has been used
exclusively for a medical instrument. Claims 50  1. A radiation clinical
thermometer (70) comprising: a probe including an optical system (2)
constituted by focusing means (2a) for focusing infrared radiation from an
object (L) to be measured and a filter (2b) having transmission wave-length



characteristics, an infrared sensor (3a) for converting infrared radiation
energy focussed thereon by said focusing means and transmitted through the
filter into an electrical signal, and a temperature-sensitive 55     sensor
(3b) for measuring a temperature of said infrared sensor (3a) or an ambient
temperature [err] thereof; detection signal processing means (4;50) for
receiving electrical signals from said infrared sensor (3a) and said
temperature-sensitive sensor (3b) and outputting the electrical signals as
Infrared data 17    When the measurement permission mark 66 is illuminated,
a body temperature measurement mode is set in the same manner as in the
second embodiment. However, the difference is that the temperature-
sensitive data [err] of the optical guide 20 is supplied to a body
temperature operating circuit 61 in addition to the respective data
described with reference to Fig. 14. In this embodiment, the circuit 61
calculates body 5  temperature data [err] in accordance with the following
equation (19): 10                      [err]                  ... (19)
where b = 45.95 [K] and [err] = 0.05. This body temperature data Tb2 is
obtained by correcting the temperature difference by the arithmetic
operations described above, and is displayed on a body 15 temperature
display portion 6a of the display unit 6. Furthermore, in this embodiment,
a check signal [err] output from a switch circuit 90 resets only the peak
hold circuit 53. Therefore, when re-measurement of a body temperature is to
be performed, the peak hold circuit 53 must be reset first by operating the
check button after illumination of the measurement permission mark 6b is
confirmed. As described above, according to this embodiment, since body
temperature measurement can be 20  performed without waiting for perfect
thermal equilibrium of the respective elements of the probe 16, intervals
of repetitive measurements can be reduced. In addition, since the function
check using infrared radiation is not required, a switching circuit and a
storage case are not required so that the arrangement can be simplified. In
this embodiment, as an optimal embodiment, the arrangement wherein the
second temperature- 26 sensitive sensor 3c is attached to the optical guide
20 is shown. However, the present invention is not limited to this. More
specifically, the second temperature-sensitive sensor 3c is designed to
detect the surface temperature of the optical guide 20 which rcsponds to an
ambient temperature more sensitively than the portion in which the
temperature-sensitive sensor 3b is embedded. In consideration of the fact
that the surface temperature of the optical guide 20 is substantially equal
to the ambient temperature, the 30 temperature-sensitive sensor 3c may be
mounted on a circuit board on which a measurement IC chip Is mounted as
shown in Fig. 20 so as to measure an ambient temperature, so that the
measured ambient temperature is used as the surface temperature of the
optical guide 20. This arrangement can also be satisfactorily used in
practice. As has been described above, according to the present invention,
a filter correction value and a 35 sensitivity correction value are
supplied to a body temperature operating circuit to calculate body
temperature data, so that high measurement precision can be realized
without using a heating unit as in the conventional thermometer, thus
realizing a compact, low-cost radiation clinical thermometer which can be
driven by a small battery and which can shorten a measurement time. In
addition, by employing a peak hold circuit for analog data In the radiation
clinical thermometer, 40 instantaneous measurement can be performed, thus
preventing a measurement disable state due to a temperature drop of a
portion to be measured upon insertion of a probe. Moreover, by employing a
temperature difference correcting system using two temperature-sensitive
sensors, re-measurement intervals can be shortened, and the problem of
thermal equilibrium of a probe, which narrows the range of measurement
conditions of the radiation clinical thermometer, can be solved. 46
Therefore, the present invention Is very effective to widely use a
radiation clinical thermometer as a home thermometer, which has been used
exclusively for a medical instrument. Claims 50  1. A radiation clinical
thermometer (70) comprising: a probe including an optical system (2)
constituted by focusing means (2a) for focusing infrared radiation from an
object (L) to be measured and a filter (2b) having transmission wave-length
characteristics, an infrared sensor (3a) for converting infrared radiation
energy focussed thereon by said 



focusing means and transmitted through the filter into an electrical
signal, and a temperature-sensitive 55     sensor (3b) for measuring a
temperature of said infrared sensor (3a) or an ambient temperature [err]
thereof; detection signal processing means (4;50) for receiving electrical
signals from said infrared sensor (3a) and said temperature-sensitive
sensor (3b) and outputting the electrical signals as infrared data 17    EP
0 337 724 B1                        111111111 111111111 and
temperature-sensitive data, respectively; body temperature operating means
(5) for calculating body temperature data comprising a display unit (6) for
displaying a body temperature in accordance with the body temperature data,
characterised in that the infrared sensor (3a), the temperature sensitive
sensor (3b), the focusing 5      means (2a) and the filter (2b) are
connected to each other by a housing (19) having high thermal conductivity
so as to be kept In a thermal equilibrium state, and in that the body
temperature operating means (5) comprise filter correcting means (5b) for
setting a correction value based on the transmission wavelength
characteristics of said filter (2b), wherein said body temperature
operating means (5) receives the infrared data, the temperature- 10
sensitive data, and the correction value from said filter correcting means
(5b) so as to calculate body temperature data. 2. A thermometer according
to claim 1, further comprising sensitivity correction calculating means
(64) for receiving the temperature-sensitive data and calculating
sensitivity data of said infrared sensor, and 15  wherein said body
temperature operating means (5) calculates the body temperature data by
receiving the infrared data, the temperature-sensitive data, the correction
value from said filter correcting means (5b), and the sensitivity data from
said sensitivity correction calculating means (64). 3  A thermometer
according to claim 1, wherein said filter correcting means (5b) outputs a
symmetrical 20     axis temperature correction value which is used to
change a symmetrical axis temperature of a temperature-radiation energy
characteristic curve represented by a temperature equation of a higher
degree approximated to a temperature-radiation energy characteristic curve
based on the Stefan- Boltzmann law. 25  4. A thermometer according to claim
2, wherein said sensitivity correction calculating means (64) calculates
sensitivity data R according to the following equation: [err] 30     where
To is sensitivity data of said temperature-sensitive sensor, [err] is a
temperature at the time of sensitivity adjustment, a is a sensitivity at
the temperature [err] and [err] is a coefficient of variation of
sensitivity. 5. A thermometer according to claim 1, wherein said focusing
means (2a) comprise an optical guide (20) 35     for focusing infrared
radiation energy. 6. A thermometer according to claim 5, wherein said
housing (19) is an integrally formed housing comprising a cylindrical
portion (19a) in which said optical guide (20) is inserted and a base
portion (19d) formed at one end of said cylindrical portion (19a) and
having a storage recess (19c) for housing 40     said infrared sensor (3a)
and said temperature-sensitive sensor (3b), said optical guide (20) being
inserted and fixed in said cylindrical portion (19a), said infrared sensor
(3a) and said temperature- sensitive sensor (3b) being embedded in said
storage recess (19c) of said base (19d) portion with a molding resin. 45
7. A thermometer according to claim 5, further comprising a second
temperature-sensitive sensor (3c) for detecting a surface temperature of
said optical guide (20). 8  A thermometer according to claim 7, further
comprising a second temperature-sensitive sensor (3c) arranged on a surface
of said optical guide (20) in tight contact therewith. 50 9. A thermometer
according to claim 7, wherein said detection signal processing section (50)
comprises an A/D converter (58) for converting an electrical signal from
said second temperature-sensitive sensor (3c) into second digital
temperature-sensitive data, and said body temperature operating means (5)
calculates the body temperature data by using the second
temperature-sensitive data as one of its 



55     input signals. 10. A thermometer according to claim 9, further
comprising a temperature difference detector (67) for receiving the
temperature-sensitive data from said temperature-sensitive sensor arranged
(3b) at said 18    EP   337 724 B1 base portion of said probe and the
second temperature-sensitive data from said second temperature- sensitive
sensor (3c), and wherein said temperature difference detector (67) outputs
a detection signal when a temperature difference is determined to be
smaller than a predetermined measurement limit temperature difference. 5
11. A thermometer according to claim 10, wherein said display unit (6)
comprises a measurement permission mark (6b) adapted to be Illuminated by
the detection signal output from said temperature difference detector. 10
12. A thermometer according to claim 1, further characterised In that said
detection signal processing means (50) Includes a peak holding circuit (53)
for holding a peak value of the electrical signal from said infrared sensor
(3a) and an A/D converter (55) for converting a peak value voltage held in
said peak holding circuit (53) into digital infrared data, and said body
temperature operating means (5) calculates the body temperature data by
using the Infrared data converted from the peak value voltage, 16     and
in that the peak holding circuit holds the said peak value as analog data
received from the infrared sensor (3b). 13. A radiation clinical
thermometer according to claim 12, further comprising a switch (90) adapted
to reset said peak holding circuit (63) prior to putting said probe into an
ear. 20 14. A radiation clinical thermometer according to claim 13, wherein
said switch (90) is operated to reset said circuit (63) when the
thermometer is taken out of a storage case (30). 15. A thermometer
according to any one of claims 1 to 14, further characterised by 25
a zero detector (63) for receiving the Infrared data output from said
detection signal processing means (50) and determining presence/absence of
the infrared data, wherein said zero detector (63) outputs a detection
signal when the infrared data is determined to a zero or a small value. 16.
A thermometer according to claim 15, in which the storage case (30) for
storing said radiation clinical 30     thermometer comprises a reflecting
plate (31) arranged at a position corresponding to a probe end of said
radiation clinical thermometer stored in said storage case (30). 17. A
thermometer according to claim 16, wherein said display unit (6) comprises
a measurement permission mark (6b) adapted to be illuminated by the
detection signal output from said zero detector 35     (63).
PatentansprLche 1. Klinisches Strahlungsthermometer (70) mit einer Sonde
enthaltend ein optisches System (2), das von 40     elner
Fokussiervorrichtung (2a) zurn Fokussieren von lnfrarotstrahlung von elnem
zu messenden ObJekt (L) und oinem Filter (2b) mit
Obertragungswelleoldngeneigenschaften gebildet wird, einen Infrarotsensor
(3a) zum Umwandeln von durch die Fokussiervorrichtung hierauf fokussierter
und vom Filter durchge- lassener Infrarotstrahlungsenergie in ein
elektrisches Signal, und einen temperaturempfindlichen Sensor (3b) zum
Messen einer Temperatur des Infrarotsensors (3a) oder einer
Umgebungsstemperatur (To) 45     hiervon; einer
Erfassungssignal-Verarbeitungsvorrichtung (4;50) zum Empfang elektrischer
Signale vom Infrarot- sensor (3a) und vom temperaturempfindlichen Sensor
(3b) und zur Ausgabe der elektrischen Signale als Infrarotdaten bzw.
temperaturempfindliche Daten; einer Korpertemperatur-Bet~tigungsvorrichtung
(5) zum Berechnen von Kdrpertemperaturdaten mit so     einer Anzeigeeinheit
(6) zur Anzeige einer KMrpertemperatur gemAB den Kdrpertemperaturdaten,
dadurch gekennzelchnet, daB der Infrarotsensor (3a), der
temperaturempfindliche Sensor (3b), die Fokussiervorrichtung (2a) und der
Filter (2b) durch ein Gehause (19) mit hoher thermischer Leitffhigkeit
miteinander verbunden sind, so daB sie In einem thermischen
Gleichgewichtszustand gehalten sind, 



55     und daB die K6rpertemperatur-Betatigungsvorrichtung (5) eine
Filterkorrekturvorrichtung (5b) aufwelst zum Einstellen eines
Korrekturwertes auf der Grundlage der Obertragungswellenlingeneigenschaften
des Filters (2b), worin die K6rpertemperatur-Betgtlgungsvorrichtung (5) die
Infrarotdaten, die tempera- turempfindlichen Daten und den Korrekturwert
von der Filterkorrekturvorrichtung (5b) empfingt, um die 19    EP 0 337 724
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Korpertemperaturdaten zu berechnen. 2. Thermometer nach Anspruch 1, das
weiterhin elne Emplindlichkeitskorrektur-Berechnungsvorrichtung (64) zum
Empfang der temperaturempfindlichen Daten und zum Berechnen von
Empfindlichkeitsdaten 5      des Infrarotsensors aufweist, und worin die
K6rpertemperatur-Betatigungsvorrichtung (5) die Korper- temperaturdaten
berechnet durch Empfang der Infrarotdaten, der temperaturempflndlichen
Daten, des Korrekturwertes von der Filterkorrekturvorrichtung (5b) und der
Empfindlichkeitsdaten von der Empfind-
lichkeitskorrektur-Berechnungsvorrichtung (64). 10  3  Thermometer nach
Anspruch 1, worin die Filterkorrekturvorrichtung (5b) elnen symmetrischen
Achsen- temperatur-Korrekturwert ausgibt, der zum Verlndern elner
symmetrIschen Achsentemperatur elner
Temperatur-Strahlungsenergle-Leistungskurve verwendet wird, die durch elne
Temperaturglelchung eines h6heren Grades angenahert an elne
Temperatur-Strahlungsenergie-Lelstungskurve auf der Grundlage des
Stefan-Boltzmannschen Gesetzes dargestellt wird. 4. Thermometer nach
Anspruch 2, worin die Emptindlichkeitskorrektur-Berechnungsvorrichtung (64)
Emp- findlichkeitsdaten R nach der folgenden Gleichung berechnet: R =
{1+   (To - Tm)), 20 worin To die Empfindlichkeitsdaten des
temperaturempfindlichen Sensors sind, Tm elne Temperatur zur Zeit der
Emptindlichkeitseinstellung ist, a eine Empflndlichkeit bei der Temperatur
Tm ist, und ,O ein Koeffizient der Verinderung der Empfindlichkeit ist. 25
5  Thermometer nach Anspruch 1, worln die Fokussiervorrichtung (2a) elne
optische FOhrung (20) zum Fokussieren von Infrarotstrahlungsenergie
aufweist. B. Thermometer nach Anspruch 5, worin das Gehliuse (19) ein
einstCckig geformtes Gehiluse !st mit einem zylindrischen Tell (19a), in
welchen die optische FKhrung (20) eingesetzt ist, und elnem an 30     einem
Ende des zylindrischen Teils (19a) ausgebildeten Basisteil (19d), der eine
Ausnehmung (19c) aufweist zur Aufnahme des Infrarotsensors (3a) und des
temperaturempfindlichen Sensors (3b), wobel die optische F~hrung (20) im
zyllndrischen Tell (19a) eingesetzt und befestigt ist sowie der
Infrarotsen- sor (3a) und der temperaturempfindliche Sensor (3b) in der
Ausnehmung (19c) des Basisteils (19d) mit einem Prel3harz eingebettet sind.
35 7. Thermometer nach Anspruch 5, welches weiterhin einen zweiten
temperaturempfindlichen Sensor (3c) zum Erfassen einer
Oberfilichentemperatur der optischen FUhrung (20) aufweist. 8. Thermometer
nach Anspruch 7, welches weiterhin elnen zweiten temperaturempfindlichen
Sensor (3c) 40     autweist, der auf einer Oberflache der optischen F0hrung
(20) in engem Kontakt mit dieser aufweist. 9. Thermometer nach Anspruch 7,
worin der Erfassungssignal-Verarbeitungsabschnitt (50) eonen A/D- Wandler
(58) aufweist zum Umwandeln eines elektrischen Signals vom zweiten
temperaturempfindli- chen Sensor (3c) in zweite digitale
temperaturempfindliche Daten, und die Korpertemperatur-Betati- 45
gungsvorrichtung (5) die Kdrpertemperaturdaten durch Verwendung der zweiten
temperaturempflndli- chen Daten als eines ihrer Eingangssignale berechnet.
10. Thermometer nach Anspruch 9, welches weiterhin eonen
Temperaturdifferenzdetektor (67) aufweist zum Empfang der
temperaturempfindlichen Daten vom am Basisteil der Sonde angeordneten
temperatur- 50     empfindlichen Sensor (3b) und der zweiten
temperaturempfindlichen Daten vom zweiten temperatur- empfindlichen Sensor
(3c), und worin der Temperaturdifferenzdetektor (67) ein Erfassungssignal
aus- gibt, wenn festgestellt wird, daB elne Temperaturdifferenz kleiner ist
als eine vorbestimmte Meggren- zen-Temperaturdifferenz. 55 11. Thermometer
nach Anspruch 10, worin die Anzeigeeinheit (6) elne MeBerlaubnismarkierung
(6b) 



aufweist, die durch das vom Temperaturdifferenzsensor ausgegebene
Erfassungssignal beleuchtbar ist. 20    EP O 337 724 B1
1111111111111111111111111 * C   L   M   S * 12. Thermometer nach Anspruch
1, weiterhin dadurch gekennzelchnet, daB die Erfassungssignal-Verarbei-
tungsvorrichtung (50) eine Spitzenwert-Halteschaltung (53) zum Halton eines
Spitzenwertes des elektri- schen Signals vom Infrarotsensor (3a) und einen
AlD-Wandler (55) zum Umwandeln einer In der Spitzenwert-Kalteschaltung (53)
gehaltenen Spitzenwertspannung in digitale Infrarotdaten enthalt, und 6
die Korpertemperatur-Betgtigungsvorrichtung (5) die Korpertemperaturdaten
berechnet durch Verwen- dung der aus der Spitzenwertspannung gewandelten
Infrarotdaten, und daB die Spitkenwert-Kalteschal- tung den Spitzenwert als
vom Infrarotsensor (3b) empfangene analoge Daten halt. 13. Klinisches
Strahlungsthermometer nach Anspruch 12, welches weiterhin einen Schalter
(90) aufweist, 10     der zum Zurdcksetzen der Spitzenwert-lialteschaltung
(63) vor dem Einfthren der Sonde in ein Ohr geeignet ist. 14. Klinisches
Strahlungsthermometer nach Anspruch 13, worin der Schalter (90) betAtIgt
wird, um die Schaltung (63) zur~ckzusetzen, wenn das Thermometer aus elnem
Aufbewahrungsbehfiter (30) heraus- 15     genommen wird. 15. Thermometer
nach einem der Ansprtche 1 bis 14, welterhin gokennzeichnot durch einen
Nulldetektor (63) zum Empfang der von der
Erfassungssignal-Verarbeitungsvorrichtung (50) ausgegebenen Infrarot- daten
und zum Feststellen der An- /Abwesenheit der Infrarotdaten, worin der
Nunldetektor (63) ein 20     Erfassungssignal ausgibt, wenn flr die
Infrarotdaten ein Nullwert oder ein kleiner Wert festgestellt wird. 16.
Thermometer nach Anspruch 15, in welchem der Aufbewahrungsbehaiter (30) zur
Aufnahme des klinischen Strahlungsthermometers eine reflektierende Platte
(31) aufwelst, die an einer Position entsprechend einem Sondenende des im
Aufbewahrungsbehalter (30) aufgenommenen klinischen 26
Strahlungsthermometers angeordnet ist. 17. Thermometer nach Anspruch 16,
worin die Anzeigeelnheit (6) eine MeBerlaubnismarkierung (6b) aufweist, die
durch das vom Nul1detektor (63) ausgegebone Erfassungssignal belouchtbar
ist. 30 Revendlcatlons 1. Thermometre clinique (70) & rayonnement,
comprenant: une sonde qui comprend un systbme optique (2) constitue par un
dispositif (2a) de focalisation d'un rayonnement infrarouge d'un objet (L)
& mesurer et un filtre (2b) ayant des caractdristiques de 36
transmissIon de longuours d'onde, un capteur Infrarouge (3a) destne &
transformer I'nergle du rayonnement Infrarouge focalise sur lui par le
dispositif de focalisatlon et transmis par le filtre en un signal
electrique, et un capteur sensible A la temperature (3b) destind & mesurer
une tempdrature du capteur infrarouge (3a) ou une temperature ambiante (T0)
de celul-ci, un dispositif (4 ; 50) de traitement de signaux de d4tection
destine a recevoir des signaux 40     electriques du capteur infrarouge
(3a), et du capteur sensible A la temperature (3b) et destin6 & transmettre
les signaux 6lectriques sous forme de donn6es infrarouges et de donn6es
sensibles a la temperature respectivement, un dispositif (5) de commande
destine & calculer des donndes de temperature de corps, comprenant 45
une unit6 (6) d'affichage destin6e & afficher la temperature du corps
d'aprbs les donnees de temperature du corps, caracteris4 en ce quo le
capteur infrarouge (3a), le capteur sensible b la temperature (3b), le
dispositif de focalisation (2a) et le filtre (2b) sont connect6s
mutuellement par un boltler (19) ayant une conductibilite thermique 6Iev6e
afin qu'il soit maintenu & un etat d'6quilibre thermique, et 60         on
ce quo le dispositif de commande destin6 A calculer la temperature du corps
(5) comprond un dispositif (5b) de correction de filtre destiMn a 6tablir
une valeur de correction qui depend des caractdristiques de longueurs
d'onde de transmission du filtre (2b), le dispositif (5) de commande
destinM A calculer la temperature du corps regoit les donn6es infrarouges,
les donndes dependant de la temperature et la valeur de correction du
dispositif (Sb) de correction de filtre et calcule les donnees de 56
temperature du corps. 



2. Thermometre selon la revendication 1, comprenant en outre un dispositif
(64) de calcul de correction de sensibilite destin6 a recevoir les donn~es
qui dependent de la temperature et a calculer des 21    donnees de
sensibility du capteur infrarouge, et dans lequol le dispositif (5) de
commando destin6 & calculer la temperature du corps calcule les donndes de
temperature du corps par receptlon des donndes Infrarouges, des donn~es qui
dependent de la tomp~rature, de la valeur de correction du dispositif de
correction de filtre (5b) et des donn~es de sensibilite qul proviennent du
dispositif (64) de 5      calcul de correction de sensibilit6. 3.
Thermometre selon la revendication 1, dans lequel le dispositif (5b) de
correction de filtre transmet une valeur de correction de temperature & axe
de sym6trie qui est utilis~e pour le changement d'une temperature d'axe de
symrtrie d'une courbe caract6ristique tomperature-enorgie du rayonnement,
10     represent~o par une equation de la temperature de degre 6lev6
correspondant approximativement k une courbe caract6rlstlque
temp6rature-energle du rayonnement correspondant h la Lol de Stefan-
Boltzmann. 4. Thermometre selon la revendication 2, dans loquel le
dispositif (64) de calcul de correction de is     sensibilite calcule des
donn6es de sensibilite R d'aprbs l'equation sulvante: R = a41 + f(To - Tm)}
To etant les donn~es de sensibilite du capteur sensible a la tempkrature,
Tm etant la temperature au 20     moment de l'ajustement de sensibilite, a.
tanL la sensibilite & la temperature Tm et , etant un coefficient de
variation de la sensibilltd. 5. Thermometre selon la revendication 1, dans
loquel le dispositif de focalisation (2) comporte un guide optique (20)
destine a focaliser l'enorgie du rayonnement infrarouge. 25 6. Thermombtre
selon la revendication 5, dans loquel le boltier (19) est un bottler form4
en une soule piece comprenant une partie cylindrique (19a) dans laquelle
est introduit le guide optique (20) et une partle de base (19d) form~e a
une premiere extr~mit6 de la partie cylindrique (19a) et ayant une cavit4
(19c) de logement du capteur infrarouge (3a) et du captour (3b) sensible &
la temperature, le gulde 30     optique (20) etant introduit et fixd dans
la partie cylindrique (19a), le capteur infrarouge (3a) et le capteur (3b)
sensible a la temperature 6tant enrob~s. dans la cavlt6 (19c) de logement
de la partie de base (19d) par une resine de moulage. 7. Thermometre selon
la revendication 5, comprenant on outre un second captour (3c) sensible &
la 3S     temperature et destind a ddtecter une temperature de surface du
guide optique (20). . Thermometre selon la revendication 7, comprenant en
outre un second capteur (3c) sensible h la temperature, place sur une
surface du guide optique (20) et en contact intime avec lui. 40  9.
Thermometre selon la revendication 7, dans lequel la section (50) de
traitement de signaux de detection comprend un convertisseur
analogique-num6rique (58) destine a transformer un signal electrique
provenant du second capteur (3c) sensible a la temperature en secondes
donn~es numerl- ques sensibles & la temperature, et le dispositif ?5) de
commando qui calcule la temperature du col calcule les donneos de
temp6rature du corps par utilisation des secondes donnees sensibles & la 45
temperature constituant l'un des signaux d'entree. 10. Thermometre selon la
revendication 9, compronant en outre un detectour (67) de diff6rence de
temperature destin6 & recevoir les donn6es d6pendant de la temperature
provenant du capteur sensible A la temperature (3b) place dans la partie de
base de la sonde, et les secondes donnees so     d~pendant de la
temperature provenant du second captour sensible a la temperature (3c), et
dans lequel le d~tecteur (67) de difference de temperature transmet un
signal de d6tection lorsque la diffdrence de temp6rature est ddtermin~e
comme inf6rieure a une diff6rence limite pr~determinde de mesure. 5s  11.
Thermombtre selon la revendication 10, dans lequel l'unitN d'affichage (6)
comporte un repbre (8b) d'autorisation de mosure destin6 a etre dclairW par
le signal de detection provenant du ddtecteur de difference de temperature.
22  
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Thermombtre selon la revendication 1, caracteris6 en outre en ce que le
dispositif (50) de traitement de signaux de d~tection comprend un circuit
(53) de maintien de valeur de crbte destin6 I conserver une valeur de crate
du signal 6lectrique du capteur infrarouge (3a) et un convertisseur
analogique- num6rique (55) destind & transformer une tension de valeur de
crete conservde dans le circuit (53) de 5      maintien en donn6es
num6riques infrarouges, et le dispositif (5) de commando par calcul de
tempera- ture du corps calcule les donndes de temperature du corps par
utillsatlon des donn~es Infrarouges transform~es A partir de la tension de
valeur de crOte, et en ce que le circuit de maintlen de valeur de crfte
conserve la valour de crate sous forme de donn~es analogiques provenant du
capteur infrarouge (3b). 10 13. Thermombtre clinique a rayonnement selon la
revendication 12, comprenant en outre un interruptour (90) destin a r6armer
le circuit (63) de maintien de valeur de crate avant la miso de la sonde
dans une oreille. is  14. Thermombtre clinique & rayonnement selon la
revendication 13, dans loquel I'interrupteur (90) est commande afin qu'il
rdarme le circuit (63) lorsque le thermometre est sortl du bolder de
rangement (30). 15. Thermombtre selon l'une quelconque des revendications 1
& 14, caracteris6 en outre par 20         un dbtecteur (63) de zAro destin6
b recevoir le signal do sortie de donn~es infrarouges du dispositif (50) de
traitement de signaux de d~tection et a determiner la pr~sence ou l'absence
de donnees infrarouges, le d~tectour de z~ro (63) transmettant un signal de
d6tection lorsque les donn6es infrarouges sont d6termindes comme ayant une
valeur nulle ou faible. 25  1& Thermombtre solon la revendication 15, dans
lequel le boltier (30) de rangement du thermombtre clinique & rayonnement
comporte une plaque r6fl6chissante (31) occupant une position correspondant
a l'extremit6 de la sonde du thermombtre clinique a rayonnement range dans
le bolder (30) de rangement. 30  17. Thermombtre selon la revendication 16,
dans loquel l'unit6 d'affichage (6) comprend un repbre (6b) d'autorisation
de mesure destin   a 8tre 6clair6 par le signal de d6tection provenant du
d6tecteur de zAro (63). 35 40 45 50 55 23    


