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RADIATION CLINICAL THERMOMETER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 
07/605,589, ?led Oct. 29, 1990, now abandoned, which is 
a reissue of application Ser. No. 07/335,616, ?led Jul. 10, 
1989, now U.S. Pat. No. 4,932,789. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a portable, compact 

radiation clinical thermometer for measuring a tempera 
ture upon insertion in an external ear canal. 

2. Description of the Prior Art 
Recently, a pen type electronic clinical thermometer 

has been widely used in place of a glass clinical ther 
mometer. 

This electronic clinical thermometer is not fragile, 
can perform a digital display which is easy to read, and 
can generate an alarm sound such as a buzzer sound for 
signaling the end of temperature measurement. How 
ever, this clinical thermometer requires about 5 to 10 
minutes for temperature measurement, i.e., substantially 
the same length of time as that required by a glass clini 
cal thermometer. This makes a user fee] that body tem 
perature measurement is cumbersome. Such a long mea 
surement time is based on a method of inserting a sensor 
portion in an armpit or a mouth and bringing it into 
contact with a 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 thermome 
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ter has been cooled down to an ambient 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. 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 tem 
perature curve of an armpit as a portion to be measured; 
and a curve M, a measurement temperature curve ob 
tained by the clinical thermometer. Accordingly, the 
skin temperature of the armpit is 36' C. or less at mea 
surement start time t;, and the temperature of a clinical 
thermometer sensor portion is cooled to 30° C. or less. 
When the sensor portion is inserted in the armpit in this 
state, and the armpit is closed, the measurement temper 
ature represented by the curve M of the sensor portion 
is quickly raised. However, the temperature repre 
sented by the curve H of the armpit begins to rise gradu 
ally toward an actual body temperature Tb after it is 
cooled by the sensor portion to a temperature at time I). 
The two temperature curves H and M coincidentally 
rise from time t3 when the sensor portion is warmed to 
the skin temperature of the armpit. As described above, 
however, it takes about 5 to 10 minutes for the curve to 
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2 
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 t1 at predetermined intervals. The measurement 
values are compared with each other, and maximum 
values are sequentially stored. At the same time, a dif 
ference between the measurement values is sequentially 
checked. The instant when the difference becomes 
smaller than a predetermined value is set at time t4, and 
the temperature measurement is stopped. Thus, the 
greatest value at this time is displayed as a body tper 
ature 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 mea 
surement, and an actual measurement without bringing 
a cooled sensor portion into contact with the 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 por 
tion in a nontact manner (e.g., U.S. Pat. No. 3,282,106). 
The principle of a radiation thermometer on which 

the above radiation clinical thermometer is based will 
be described below. 
A radiation thermometer is based on a law of physics, 

i.e., "all objects emit infrared radiation from their sur 
faces, and the infrared radiation amounts and the spec 
tral characteristics of the objects are determined by 
their absolute temperatures as well as their properties 
and states of their ?nished surfaces." This law will be 
described with reference to the following laws. 
The Planck's law states a relationship between the 

radiant intensity, spectral distribution, and temperature 
of a blackbody as follows: 

where 
W (LT): spectral radiant emittance [\N/CmZ-pm] 
T: absolute temperature of blackbody [K] 
A: wavelength of radiation [p.rn] 
c: velocity of light=2.998>< l01°[cm/sec] 
h: Planclt‘s oonstant=6.625 >< l0-34[W.sec2] 
k: Boltzmann oonstant=l.380>< l023[W.sec/K] 
FIG. 3 shows the Planck’s law. As is apparent from 

FIG. 3, as the temperature of the blackbody rises, 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 the radiation occurs over a wide wavelength band. 

Total energy radiated from the blackbody can be 
obtained by integrating WOt, T) given by equation (1) 
with respect to A from A20 to hzw. This is the Stefan 
Boltzmann law. 

an (2) 

w, = J0 wand). - at‘ 

radiated from blackbody 
con 

W1: total energy 
[W/cm2]o': Stefan-Boltzmann 
stant=5.673 >< 1012[W/cm1-.deg4] 

(I) - 
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As is apparent from equation (2), the total radiation 
energy W1 is proportional to a power of four of the 
absolute temperature of the blackbody light source. 
Note that equation (2) is obtained by integrating the 
infrared radiation emitted from the blackbody with 
respect to all the wavelengths. 

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 rea 
son the value obtained by equation (2) must be cor 
rected by multiplying a proper emissivity. Radiation 
energy of most objects other than the blackbody can be 
represented by equation (3): 

e: emissivity of object 
Equation (3) represents infrared energy which is radi 

ated from an object and incident on an infrared sensor. 
However, the infrared sensor itself emits infrared radia 
tion 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 
o'To‘, and energy W obtained by subtracting radiation 
energy from incident energy is given by equation (4): 

Ta: ambient temperature of object 
7: reflectance of object 
Since the transmittance of the object to be measured 

can be regarded as zero, 7:] —e 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 To so that the 
infrared sensor temperature To is equal to the ambient 
temperature T,, equations (4) can be rewritten as equa 
tion (5): 

(5) 

FIG. 2 shows a basic arrangement of a conventional 
radiation thermometer. The arrangement will be de 
scribed below with reference to FIG. 2. 
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 trans 
mission wavelength characteristics. A cylindrical mem 
ber having an inner surface plated with gold is used as 
the focusing means 2a. A silicon filter is used as a ?lter 
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 subtacting its own radiation energy from 
incident infrared radiation energy focused by the opti 
cal system 2 into an electrical signal, i.e., an infrared 
voltage v]. In addition, the temperature-sensitive sensor 
3b is arranged near the infrared sensor 3a to measure the 
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4 
temperature of the infrared sensor 3a and its ambient 
temperature To, and outputs a temperature-sensitive 
voltage v‘. A thermopile and a diode are respectively 
used as the infrared sensor 3a and the temperature-sensi 
tive sensor 3b. 
The amplifying section 4 comprises an infrared ampli 

?er 4a, constituted by an amplifying circuit and an A/D 
converter for converting an output voltage from the 
amplifying circuit into digital infrared data V,;, for am 
plifying the infrared voltage v, output from the thermo 
pile, and a temperature-sensitive amplifier 4b, consti 
tuted by an amplifying circuit and an A/D converter 
for converting an output voltage from the amplifying 
circuit into digital temperature-sensitive data, for ampli 
fying the temperature-sensitive voltage v, as a forward 
biased voltage from the temperature-sensitive sensor 3b, 
i.e., the diode. 
Two signals V4 and To from the amplifying section 4 

are then converted into temperature data T, and are 
displayed on the display unit 6. The operating section 5 
comprises an emissivity input means 5a for setting an 
emissivity e of the object L, and an operating circuit So 
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. 
The object L emits infrared radiation, and its wave 

length 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 charac 
teristics, and reaches the infrared sensor 3a. 
Other infrared radiation energies reach the infrared 

sensor 3a. One is infrared radiation energy emitted from 
a certain object near the object L, which is re?ected 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 ?lter 2b and reaches the sensor 3a. Still 
another is infrared radiation enengy which is emitted 
from the filter 2b and reaches the sensor 3a. 
The infrared radiation energy from the infrared sen 

sor 3a can be represented by equation (3). In this case, 
e=l.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 subtracting 
infrared radiation energy emitted therefrom from infra 
red radiation energy incident thereon into an electrical 
signal. Since the infrared sensor 3a employs a thermo 
pile, it outputs the infrared voltage v, proportional to 
the infrared radiation energy W. 

In this case, the infrared voltage v, as an output volt 
age 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-receiving 
area S of the infrared sensor 3a by a sensitivity R. The 
infrared data V4 as an output voltage from the infrared 
ampli?er 4a corresponds to a value obtained by multi 
plying the infrared voltage v, from the infrared sensor 
3a by a gain A of the infrared ampli?er 4a. 
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Since the above equations can be established, equa 
tion (5) can be ex ressed as equation (6) as follows: 

VFQ.G'SR.A('IE—TQ4) (5) 
where 

Vi. output voltage from infrared ampli?er 4a 
S: light-receiving area of infrared sensor 3a 
R: sensitivity of infrared sensor 
A: gain of infrared ampli?er 4a 
Generally, equation (6) is simpli?ed by setting 

K1=crSRA, and hence the temperature T of the object 
L is calculated according to equation (7). 

4 

A thermal infrared sensor used for a conventional 
radiation thermometer has no wavelength dependency. 
However, a transmission member such as a silicon or 
quarts ?lter 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 ?lter is 
used to transmit only infrared radiation having a main 
wavelength band therethrough so as to reduce the in?u 
ences of external light. Each of the above-described 
transmission members has unique transmission wave 
length 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 ?lter as 
one of the transmission members. The silicon ?lter 
shown in FIG. 4 transmits only infrared radiation hav 
ing a wavelength band from about I to 18 [um] there 
through, and has a transmittance of about 54%. 
As described above, an infrared sensor with a ?lter 

has wavelength dependency, i.e., transmits infrared 
radiation having a speci?c wavelength band because of 
the ?lter as a window member although the sensor itself 
is a temperature sensor and has no wavelength depen 
dency. 

Therefore, equation (5) obtained by integrating infra 
red radiation energy incident on the infrared sensor 
with a ?lter with respect to all the wavelengths cannot 
be applied to the infrared sensor with a ?lter for trans 
mitting infrared radiation having a speci?c 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 tempera 
ture To. FIG. 5 shows this state. In FIG. 5, the sensitiv 
ity R is obtained by actually measuring the output volt 
age v, 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 respec 
tive temperatures. As a result, it is found that the tem 
perature dependency of the sensitivity R can be approx 
imated to a straight line as represented by equation (8): 

a 
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6 
R: {1—-B(rl)—Tm)} (8) 

where a is the sensitivity R as a reference when 
T0=Tm,, Tm is a representative infrared sensor tempera 
ture, e.g., an infrared sensor temperature measured in a 
factory, and B represents a coefficient of variation, In 
this case, a coefficient of variability per 1 [deg] is —0.3 
[Ob/deg]. The variation in sensitivity R described above 
inevitably becomes an error. 
The coefficient of variation B is in?uenced by the 

manufacturing conditions of a thermopile, and can be 
decreased by increasing the purity and process preci 
sion of the thermopile. However, thermopiles on the 
market which are mass-produced have the above value. 
A radiation thermometer, however, is normally de 

signed to measure high temperatures, and has a mea 
surement range from about 0' to 300' C. and measure 
ment precision of about :2’ to 3' C. Therefore, errors 
due to the above-described ?lter characteristics, varia 
tions in sensitivity of an infrared sensor, and the like are 
neglected, and hence no countermeasure has been taken 
so far. When measurement conditions as a clinical ther 
mometer are taken into consideration, however, a tem 
perature measurement range may be set to be as small as 
about 33‘ C. to 43' C., but i0.l° C. is required for 
temperature measurement precision. Therefore, if the 
above-described radiation thermometer is used as a 
clincial thermometer, temperature measurement preci 
sion must be increased by taking countermeasures 
against errors due to the ?lter characteristics and the 
variations in sensitivity of infrared radiation. 
A radiation clinical thermometer disclosed in U.S. 

Pat. No. 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 
infrared sensor and the target to a reference tempera 
ture (36.5’ C.) 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 per 
formed. 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. A 
body temperature measurement is performed by com 
paring the detected infrared radiation with that from 
the target. 
Temperature measurement precision is increased by 

the above-described system for the reasons to be de 
scribed below. 
According to this system, various error factors are 

eliminated by preheating the probe unit having the 
infrared sensor and the target to a reference tempera 
ture (36.5‘ C.) 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 con 
stant temperature regardless of ambient temperatures, 
sensitivity variations of the infrared sensor can be elimi 
nated, and hence its error can be neglected. In addition, 
calibration is performed so as to set the reference tem 
perature of the target to be close to a body temperature 
to be measured, and a comparative measurement is then 
performed so that errors and the like due to the ?lter 
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characteristics are reduced to a negligible level. Fur 
thermore, since the probe is preheated to a temperature 
close to a body temperature, the problem of the conven 
tional measurement system can be solved, i.e., the prob 
lem 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 probe, so 
that correct body temperature measurement cannot be 
performed. 
The above-described radiation clinical thermometer 

disclosed in US. Pat. No. 4,602,642 is excellent in tem 
perature measurement precision. However, since this 
therometer requires a heating control unit with high 
control precision, its structure and circuit arrangement 
become complicated, thereby increasing the cost. In 
addition, it requires a long stable period to preheat the 
probe and the target and control their temperatures to a 
predetermined temperature. Moreover, since the heat‘ 
ing 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 

It is an object of the present invention to provide a 
portable, compact radition clinical thermometer at low 
cost while high temperature measurement precision is 
maintained by solving the above-described problems. 
According to an aspect of the present invention, a 

?lter correcting means outputs a correction value based 
on the transmission wavelength characteristics of a 
?lter so that a body temperature is calculated on the 
basis of infrared data, temperature-sensitive data, and 
the ?lter correction value. 
According to another aspect of the present invention, 

a body temperature is calculated on the basis of infrared 
data, temperature-sensitive data, a ?lter correction 
value, sensitivity data input from a sensitivity data input 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a graph showing temperature measurement 
curves of a conventional electronic clinical thermome 
ter; 
FIG. 2 is a block diagram showing a circuit arrange 

ment of the conventional electronic thermometer; 
FIG. 3 is a graph showing changes in intensity of an 

infrared wavelength spectrum depending on the tem 
perature of an object; 
FIG. 4 is a graph showing the transmission wave 

length characteristics of a silicon ?lter; 
FIG. 5 is a graph showing the sensitivity characteris 

tics of an infrared sensor; 
FIG. 6 is block diagram showing a circuit arrange 

ment of an electronic clinical thermometer according to 
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 theremom 
eter; 
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; 
FIG. 10 is a sectional view showing an internal struc 

ture of a temperature measuring section of the elec 
tronic clinical thermometer in FIG. 8; 
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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 
case; 

FIG. 13 is a view showing a state wherein the tem 
perature measuring section of the electronic clinical 
thermometer is inserted in an external ear canal; 
FIG 14 is a block diagram showing a circuit arrange 

ment of an electronic clinical thermometer according to 
a second embodiment of the present invention; 
FIG. 15 is a ?ow chart for explaining a body tempera 

ture calculating operation in the embodiment shown in 
FIG. 14; 
FIG. 16 is a graph showing a temperature measure 

ment 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; 
FIG. 18 is a sectional view showing an internal struc 

ture 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 arrange 
ment of the electronic clinical thermometer according 
to the third embodiment of the present invention; and 
FIG. 20 is a sectional view showing an internal struc 

ture of a modi?cation of the temperature measuring 
section of the electronic clinical thermometer accord 
ing to the third embodiment of the present invention 
shown in FIG. 18. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

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 ac 
cording to a ?rst 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 ?lter characteristics. 
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 embodi 

ment 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. 
The operation section 5 of a radiation clinical ther 

mometer 70 comprises an emissivity input means 5a for 
setting an emissivity e of an object L to be measured, a 
?lter correction means 5b for setting transmission wave 
length characteristics of a ?lter 2b, and a body tempera 
ture operating circuit 5c. 
The operating section 5 of this embodiment, there 

fore, calculates a measurement body temperature Tb on 
the basis of an emissivity set value from the emissivity 
input means and a ?lter correction value from the ?lter 
correcting means 5b. 
An equation for temperature calculation with consid 

eration of the wavelength dependency of an infrared 
sensor with a ?lter will be described below. 
As described above, the infrared sensor 3a converts 

the infrared radiation energy W obtained by subtracting 
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radiation energy from incidence energy into the infra 
red voltage v,. The energy W can be given by equation 
(9): 

a an (9) 

W-f ¢~nm-wu.nd+I 0-0-10) 0 0 

N w 

wmoidi + ‘[0 <1 - not» - wmoidt - f o wtt'roidx 

where not) is the transmittance of the ?lter. 
The ?rst term of equation (9) represents infrared 

radiation energy emitted from the object L having the 
emissivity e which is transmitted through the ?lter 2b 
and reaches the sensor 3a. The second term represents 
infrared radiation energy emitted from emitted from an 
object located near the object L and having the temper 
ature To, which is transmitted through the ?lter 2b and 
reaches the sensor 3a. The third term represents infra 
red radiation energy emitted from the infrared sensor 3a 
having the temperature T0 or an object located near the 
sensor 3a, which is re?ected by the ?lter 2b and reaches 
the sensor 3a, or infrared radiation energy which is 
emitted from the ?lter 2b having the temperature To and 
reaches the sensor 3a. In this case, the sum of the trans 
mittance, re?ectance, and emissivity of the transmission 
member is equal to one. The third term is established in 
consideration of the re?ection or radiation by the ?lter 
2b. Note that the infrared radiation from the infrared 
sensor 3a is reflected by the ?lter 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: 

(10) 
as a 

w = ¢ In "00) - WW7)“ — In 110‘) - W050)“ 

It is found, therefore, that the infrared radiation en 
ergy obtained by subtracting radiation energy from 
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 ftlter 2b as represented by equa 
tion (10). That is, a new equation must be established in 
place of the Stefan-Boltzmann law represented by equa 
tion (2). 

If infrared radiation energy emitted from the black 
body having the absolute temperature T, which is trans 
mitted through a ?lter having a transmittance 'nOt) is set 
to be F(T),F(T) can be represented by equation (ll) as 
follows; 

a: (ll) 

Fm =10 n0) - wmw 

In this case, assuming that the absolute temperature T 
has a temperature range from Tm", to Tm“, the infrared 
radiation energy F(T) is calculated with respect arbi 
trary absolute temperatures T1, T1, T3, . . . , Tn accord 
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10 
ing to equation (ll). The calculation results are summa 
rized in Table 1. 

TABLE 1 

T Fm 

r, Fm) 
r, Fm) 
T3 PUB) 

1‘. Fri.) 

It is, therefore, seen how the relationship between the 
absolute temperature T and the infrared radiation en 
ergy F(T) transmitted through the filter is associated 
with the Stefan-Boltzmann 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 
[W/cmZ] are plotted along the axis of ordinate. Refer 
ring 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 
present invention considering the ?lter characteristics. 
The curve B is obtained such that a curve B’ is pre 

pared by connecting points respectively representing 
radiation energies at the absolute temperatures T| to T,, 
shown in Table l. and the curve A is modi?ed and 
moved to overlap the curve B’. Types of modi?cation 
and movement of the curve A’ are determined by select 
ing a coefficient a of a term of degree 4 of the curve A, 
a displacement b in the direction of the 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 (1 l) is approximated to equation 

(12) by using the three types of set values a, b, and c. 

F(T)=a.(T-b)4+c ([2) 

Subsequently, proper values a, b, and c in equation 
(12) are obtained from the values shown in Table l by a 
method of least squares or the like. Substitutions of 
these values into equation (12) yield an approximate 
equation. 
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 coef?cient of the absolute temper 

ature T of degree 4, and corresponds to the Stefan-Bolt 
zmann constant tr of the curve A. The value it takes a 
unit value of [W/cm2deg4]. The set value b represents a 
symmetrical axis temperature. In the curve A, an abso 
lute temperature 0 [K] is set to a symmetrical axis, 
whereas in the curve B, an absolute temperature b [X] is 
set to be a symmetrical axis. 
The set value c represents a minimum value. In the 

curve A, 0 [W/cmZ] is set to be an offset, whereas in the 
curve B, c [W/cm2] is set to be an offset. 

If equation (10) is rewritten by using equation (12), 
equation (13) is established as follows: 
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As is apparent from equation (13), the minimum value 
c is canceled. 

In this case, the infrared data V4 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 
ampli?er 4a by setting K1::aSRA.Equation (13) is then 
rewritten as equation (14). The body temperature T1, 
through the drum membrane is calculated by using 
equation (15) on the basis of equation (14). 

That is, when a ?lter 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) representing the law “Infra 
red radiation energy is proportional to a power of four 
of (the absolute temperature T- the symmetrical axis 
temperature b)." 
As a result, the ?lter 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 mem 
brane on the basis of equation (15). 
An approximate expression in consideration of a sili 

con ?lter used as the ?lter 2b in practice will be de 
scribed below. 
FIG. 4 shows the transmission wavelength character 

istics of the silicon ?lter. However, in order to simplify 
a calculation, the transmission wavelength band of the 
silicon ?lter is set to be 1 to 18 [pm], and its transmit 
tance is set to be 54%. 

(I4) 

(15) 

m (16) 

m = [0 vim-warm 

Equation (1) is substituted into WOt, T). 
Since a measurement environment, i.e., the measure 

ment temperature range of the object to be measured is 
set between 0 ['C.] and 50 ['C.]. Twin and Tm; are 
respectively 

set to be 273 [K] and 323 [K]. Table 2 shows the 
calculation results of equation (16). 
The values a, b, and c when equation (12) is approxi 

mated by using the data shown in Table 2 are obtained 
by a method of least squares: 

The coefficient a of a term of degree 4 and the sym 
metrical axis it) thus obtained represent the transmission 
wavelength characteristics of the silicon ?lter. These 
values a and b are output from the ?lter correcting 
means 5b. The filter correcting means 5b is part of an 
operating program memory of the operating section 5, 
in which coefficient a of the term of degree 4 and the 
symmetrical axis temperature b are written. 
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TABLE 2 

T [(T) x T f(T) x 
[K] 10-3 (‘V/c1112] 1x] 10-3 [w/cmzl 
273 10.290 299 16.2011 
275 10.679 301 l6.746 
277 11.078 303 17.298 
279 11.487 305 17.862 
2111 11.9011 307 111.439 
2113 12.339 309 19.030 
2115 12.782 311 19.634 
2117 13.236 313 20.252 
2119 13.701 :15 20.1124 
291 14.175 317 21.530 
293 14.667 319 22.191 
295 15.169 321 22.865 
297 15.682 323 23.555 

When a silicon ?lter is used as a window member for 
measurement of an infrared sensor, the temperature T of 
an object to be measured is not calculated by equation 
(5), but is calculated by equation (14), thereby perform 
ing temperature calculations with high precision. 
As is apparent from the above description, according 

to this embodiment, even if a transmission member hav 
ing transmission wavelength characteristics is used as a 
window member of an infrared sensor, temperature 
measurement of an object to be measured can be per 
formed 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 ?lter 
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 equation 
(12) is used as a new equation replacing the Stefan-Bolt 
zmann law. However, as shown in FIG. 13, in body 
temperature measurement, only a portion of the temper 
ature measurement curve is used as a measurement 

range such as the range from Tmin ti Tm“ . 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, expres 
sion (14) can be employed as an approximate equation 
having a term of degree 2: 

A detailed arraangement of a radiation clinical ther 
mometer which is actually manufctured by using a com 
mercially available thermopile manufactured in consid 
eration of mass production will be described below as a 
second embodiment of the present invention. 
FIGS. 8 and 9 are bottom and side views, respec 

tively, showing a radiation clinical thermometer ac 
cording to the second embodiment of the present inven 
tion. 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 measurement 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 struc 
ture 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 
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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 theremometer 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 instanta 
neously 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 conductiv 
ity. 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 
high thermal conductivity such as aluminum is fitted. 
The metal housisng 19 is integrally formed and com 
prises 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 ?lter is formed at 
the distal end of the cylindrical portion 19a. An optical 
guide 20 consisting of a brass (Bu) pipe having an inner 
surface plated with gold (Au) is fitted in the cylindrical 
portion 19a. A ?lter member in the form of a dust-proof 
hard cap 21 selectively allowing infrared radiation to 
pass therethrough is ?xed to the step portion 19c. In 
addition, a thermopile as the infrared sensor 3a and the 
temperature-sensitive sensor 3b are respectively embed 
ded in the hollow portion 19b and the recess 19c of the 
base portion 19d by sealing resins 22 and 23. The infra 
red sensor 3a and the temperature-sensitive sensor 3b 
are respectively connected to wiring patterns of a cir 
cuit 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 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 hav 
ing 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 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 l 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 re?ect 
ing plate 31 is ?xed to a bottom surface 30c of the stor 
age portion 30b at a position corresponding to the distal 
end portion of the probe 16. In addition, a button de 
pressing portion 30d is formed on the storage case 30 at 
a position corresponding the check button 12. The stor 
age case 30 is used to perform an operation check of the 
radiation clinical thermometer 1. When the thermome 
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ter 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 re?ecting plate 31, 
and at the same time, the check buttom 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 per 
formed. . 

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 nu 
meral 40 denotes a canal; 41, external ear canal; and 42, 
a drum membrane. A large number of downy hairs are 
grown from the inner wall of the external ear canal 41. 
Earwax 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 in 
serted 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 instanta 
neously performed. 
FIG. 14 is a block diagram of the radiation clinical 

thermometer l 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 be 
low. Reference numeral 50 denotes a detection signal 
porocessing section. FIG. 14 shows a detailed arrange 
ment of the section 50 corresponding to the amplifying 
section 4 shown in FIG. 6. More specifically, the sec 
tion 50 comprises an infrared amplifying circuit 51 for 
amplifying an infrared voltage v, output from the infra 
red sensor 3a, a temperature-sensitive amplifying circuit 
52 for amplifying a temperatuyre-sensitive voltage v, 
output from the temperature-sensitive sensor 3b, a peak 
hold circuit 53 for holding a peak value of an output 
voltage V, from the infrared amplifying circuit 51, a 
switching circuit 54 for receiving the output voltage V, 
from the infrared amplifying circuit 51 and an output - 
voltage VIP from the peak hold circuit 53 at input termi 
nals I1 and I1, respectively, and selectively outputting 
them from an output terminal 0 in accodance with 
conditions provided from a control terminal C, an A/D 
converter 55 for converting the infrared voltages V, or 
Vsp output from the switching circuit 54 into digital 
infrared date V4, and an A/D converter 55 for convert 
ing the output voltage V, from the temperature-sensi 
tive amplifying circuit 52 into digital temperature-sensi 
tive data To_ With this arrangement, the section 50 con 
verts the infrared voltage v, and the temperature-sensi 
tive voltage v,supplied from the detecting section 3 into 
the digital infrared data V4 and temperature-sensitive 
data To, 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 corresponding to the 
operating circuit So, a display driver 62 for receiving a 
body temperature data Tb] calculated by the operation 
circuit 61 and displaying it on a body temperature dis 
play 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 V4 is detected to be 
zero so as to illuminate a measurement permission mark 
6b of the display unit 6, a sensitivity correcting calcula 














