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(57) ABSTRACT 

In some embodiments, a temperature measuring apparatus is 
provided with a light receiving portion having a plurality of 
light receiving units for measuring heat quantity of divided 
temperature detecting area in a noncontact manner, a ther 
mal sensor for detecting temperature of each of the plurality 
of light receiving units, a calculation portion for calculating 
a temperature of each of the divided temperature detecting 
areas based on the temperature obtained by the thermal 
sensor and the relative temperature difference obtained by 
the light receiving portion, a correction information holding 
portion for holding correction information on known refer 
ence temperature of the temperature detecting area and its 
corresponding calculated result outputted from the calcula 
tion portion obtained when heat quantity of the temperature 
detecting area is set to the reference temperature, and a 
correction portion for correcting the calculated result of the 
calculation portion based on the correction information. 
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TEMPERATURE MEASURING APPARATUS, AND 
TEMPERATURE CORRECTION PROCESSING 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 
U.S.C.S 119 to Japanese Patent Application No. P2004 
234384 filed on Aug. 11, 2004, the entire disclosure of which 
is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to a temperature 
correction processing device for use in a temperature mea 
Suring apparatus for measuring temperatures of for 
example, human beings or objects by detecting heat ray 
images of, e.g., far infrared rays irradiated from the human 
beings or objects. It also related to a temperature measuring 
apparatus equipped with the temperature correction process 
ing device. 
0004 2. Description of the Related Art 

1. Field of the Invention 

0005 The following description sets forth the inventor's 
knowledge of related art and problems therein and should 
not be construed as an admission of knowledge in the prior 
art. 

0006 As a temperature measuring apparatus, a two 
dimensional thermopile array has been used for detecting 
temperatures of objects to be measured. The two-dimen 
sional thermopile is constituted by a plurality of thermopiles 
combined lengthwise and crosswise so that the amount of 
thermal changes in a certain detecting area can be measured. 
The thermopile is made by combining a plurality of ther 
mocouples to increase the output voltage. For example, 
conventionally, such a two-dimensional thermopile array 
has been installed on a ceiling plane of a microwave oven as 
a temperature measuring apparatus for measuring the tem 
perature of an object to be heated in the microwave oven in 
a non-COntact manner. 

0007 Concretely, as disclosed by Japanese Unexamined 
Laid-open Patent Publication No. 2001-355853, in a micro 
wave oven, a turn table is set as a temperature measuring 
area of a two-dimensional thermopile array so that the 
temperature distribution of an object placed on the turn table 
can be measured by the two-dimensional thermopile array. 
0008. The technique using the aforementioned two-di 
mensional thermopile array can also be applied to a means 
for detecting existence of a human body. For example, an 
illuminating lamp having a built-in two-dimensional ther 
mopile array for detecting a human body has been proposed. 
A thermopile can also be used for detecting occurrence of 
fire or existence of human bodies based on the thermal 
change amount. Among other things, in recent years, a 
thermopile has been greatly expected to be used in fire 
alarms and/or security devices for detecting, e.g., human 
bodies (see, e.g., Japanese Unexamined Laid-open Patent 
Publication No. 2000-223282). 
0009. However, the aforementioned background tech 
nique had the following drawbacks. That is, the temperature 
information of an object disposed in the detecting area is 
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obtained by adding the temperature of the thermopile itself 
to a relative temperature difference between the temperature 
of the detecting area and that of the thermopile. The tem 
perature of the thermopile itself is detected by a thermistor 
as a thermal sensor, and the relative temperature difference 
is detected by the thermopile. 
0010. In manufacturing such thermopiles and ther 
mistors, however, manufacturing dispersion may occur, 
resulting in different characteristics, which in turn may cause 
measuring errors. Even if thermopiles and thermistors have 
uniform accuracy, during the assembling steps, errors may 
occur, which also results in different characteristics. Thus, it 
was very difficult to obtain a temperature measuring appa 
ratus having measurement accuracy falling within a prede 
termined range. 
0011 Furthermore, if a strict selection test is performed 
to secure uniform accuracy, a number of products will be 
deemed as defective products, resulting in an increased sales 
price. In other words, it was difficult to provide a tempera 
ture measuring apparatus with high accuracy at low cost. 

0012. The description herein of advantages and disad 
vantages of various features, embodiments, methods, and 
apparatus disclosed in other publications is in no way 
intended to limit the present invention. For example, certain 
features of the preferred embodiments of the invention may 
be capable of overcoming certain disadvantages and/or 
providing certain advantages, such as, e.g., disadvantages 
and/or advantages discussed herein, while retaining some or 
all of the features, embodiments, methods, and apparatus 
disclosed therein. 

SUMMARY OF THE INVENTION 

0013 The preferred embodiments of the present inven 
tion have been developed in view of the above-mentioned 
and/or other problems in the related art. The preferred 
embodiments of the present invention can significantly 
improve upon existing methods and/or apparatuses. 

0014) Among other potential advantages, some embodi 
ments can provide a temperature measuring apparatus with 
a temperature correction function, comprising: 
00.15 a light receiving portion having a plurality of light 
receiving units for measuring heat quantity of divided tem 
perature detecting area, the light receiving portion measur 
ing a relative temperature difference between each of the 
light receiving units and its corresponding divided tempera 
ture detecting area in a non-contact manner; 
0016 a thermal sensor for detecting a temperature of 
each of the plurality of light receiving units; 
0017 a calculation portion for calculating a temperature 
of each of the divided temperature detecting areas based on 
the temperature obtained by the thermal sensor and the 
relative temperature difference obtained by the light receiv 
ing portion; 

0018 a correction information holding portion for hold 
ing correction information on known reference temperatures 
of the temperature detecting area and its corresponding 
calculated results outputted from the calculation portion 
obtained when heat quantity of the temperature detecting 
area is set to the reference temperature; and 
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0.019 a correction portion for correcting the calculated 
result of the calculation portion based on the correction 
information. 

0020. In some examples, in the temperature measuring 
apparatus, the light receiving portion is preferably consti 
tuted by a two-dimensional thermopile array. 
0021. In some examples, in the temperature measuring 
apparatus, it is preferable that the correction portion corrects 
the calculated result of the calculation portion utilizing a 
linear graph connecting a first corrected result obtained by 
the correction portion and a second corrected result obtained 
by the correction portion. 
0022. In some examples, in the temperature measuring 
apparatus, it is preferable that the correction portion corrects 
the calculated result of the calculation portion utilizing a 
function showing a temperature characteristic obtained 
based on a plurality of the calculated results obtained by the 
calculation portion. 
0023. In some examples, in the temperature measuring 
apparatus, it is preferable that the function is obtained by 
using a least squares method. 
0024. In some examples, in the temperature measuring 
apparatus, it is preferable that the temperature measuring 
apparatus is applied to a heat ray detector. 
0.025 Among other potential advantages, some embodi 
ments can provide a temperature correction processing 
device equipped with a plurality of light receiving units for 
measuring heat quantity of divided detecting areas, the 
temperature correction processing device comprising: 
0026 a light receiving portion configured to measure a 
relative temperature difference between each of the light 
receiving units and its corresponding divided detecting area 
in a non-contact manner; 
0027 a temperature measuring portion configured to 
measure a temperature of the light receiving units: 

0028 a calculation portion configured to calculate a 
temperature of each of the divided detecting areas based on 
the temperature from the temperature measuring portion and 
the relative temperature difference from the light receiving 
portion and output the calculated result: 
0029 a correction information holding portion config 
ured to hold correction information on a known reference 
temperature in the detecting area and the calculated result 
from the calculating portion obtained when heat quantity of 
the detecting area is set to the reference temperature; and 
0030 a correction portion configured to correct the cal 
culated result based on the correction information. 

0031. In some embodiments, in the temperature correc 
tion processing device, it is preferable that the light receiv 
ing portion is constituted by a two-dimensional thermopile 
array. 

0032. In some embodiments, in the temperature correc 
tion processing device, it is preferable that the correction 
portion corrects the calculated result of the calculation 
portion utilizing a linear graph connecting a first corrected 
result obtained by the correction portion and a second 
corrected result obtained by the correction portion. 
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0033. In some embodiments, in the temperature correc 
tion processing device, it is preferable that the correction 
portion corrects the calculated result of the calculation 
portion utilizing a function showing a temperature charac 
teristic obtained based on a plurality of the calculated results 
obtained by the calculation portion. 
0034. In some embodiments, in the temperature correc 
tion processing device, it is preferable that the function is 
obtained by using a least squares method. 
0035) In some embodiments, in the temperature correc 
tion processing device, it is preferable that the temperature 
measuring apparatus is applied to a heat ray detector. 
0036). According to other embodiments of the present 
invention, a temperature measuring apparatus, comprising: 
0037 a light receiving portion having a plurality of light 
receiving units for measuring heat quantity of divided tem 
perature detecting area, the light receiving portion measur 
ing a relative temperature difference between each of the 
light receiving units and its corresponding divided tempera 
ture detecting area in a non-contact manner; 
0038 a thermal sensor for detecting temperature of the 
light receiving portion; 
0039 a calculation portion for calculating a temperature 
of each of the divided temperature detecting areas based on 
the temperature obtained by the thermal sensor and the 
relative temperature difference obtained by the light receiv 
ing portion; 

0040 a reference calculated result holding portion for 
holding a relation represented by a linear graph connecting 
a first reference calculated result of a first known tempera 
ture and a second reference calculated result of a second 
known temperature; and 
0041 a temperature predicting portion for predicting a 
temperature of an object from the calculated result obtained 
by the calculation portion by utilizing a relation represented 
by the linear graph. 
0042. In some examples, in the temperature measuring 
apparatus, it is preferable that the light receiving portion is 
constituted by a two-dimensional thermopile array. 
0043. The above and/or other aspects, features and/or 
advantages of various embodiments will be further appre 
ciated in view of the following description in conjunction 
with the accompanying figures. Various embodiments can 
include and/or exclude different aspects, features and/or 
advantages where applicable. In addition, various embodi 
ments can combine one or more aspect or feature of other 
embodiments where applicable. The descriptions of aspects, 
features and/or advantages of particular embodiments 
should not be construed as limiting other embodiments or 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044) The preferred embodiments of the present inven 
tion are shown by way of example, and not limitation, in the 
accompanying figures, in which: 

0045 FIG. 1 is an entire schematic block diagram show 
ing a temperature measuring apparatus according to an 
embodiment of the present invention; 
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0046 FIG. 2A is an example of a graph for correcting a 
measured temperature according to an embodiment of the 
present invention; 
0047 FIG. 2B is another example of a graph for correct 
ing a measured temperature according to an embodiment of 
the present invention; 
0.048 FIG. 3 is an example of a graph for predicting a 
measured temperature according to an embodiment of the 
present invention; and 
0049 FIG. 4 is an example of a graph showing a least 
squares method for correcting the measured temperatures 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0050. In the following paragraphs, some preferred 
embodiments of the invention will be described by way of 
example and not limitation. It should be understood based on 
this disclosure that various other modifications can be made 
by those in the art based on these illustrated embodiments. 
0051 A preferable embodiment of the present invention 
will be explained with reference to the attached drawings. 
The following explanation will be directed to a temperature 
measuring apparatus using a thermopile-type far infrared ray 
area sensor. However, it should be understood that the 
present invention is not limited to the above and can also be 
applied to various applications required to measure a surface 
temperature of an object for detecting, e.g., occurrence of 
fire or existence of an object such as a human body. 
0.052 FIG. 1 is a schematic block diagram showing a 
temperature measuring apparatus according to an embodi 
ment of the present invention. In this apparatus, the ther 
mopile type far infrared ray area sensor 1 is provided with 
a two-dimensional thermopile array 2, a scanning circuit 3. 
and a thermal sensor 4. 

0053. In FIG. 1, the reference numeral “5” denotes a 
detecting area which is a temperature measuring targeted 
area. The image of the detecting area 5 is introduced into the 
thermopile type far infrared ray area sensor 1 through a lens 
6 in a reduced manner. The two-dimensional thermopile 
array 2 mounted in the thermopile-type far infrared ray area 
sensor 1 generates weak electromotive force corresponding 
to the amount of far infrared ray irradiated from the detect 
ing area 5 via the lens 6 at each area section of the 32 
(height)x32 (width) divided area sections of the entire area 
of the thermopile array 2. 

0054 Based on the weak electromotive force, the two 
dimension thermopile array 2 obtains the thermal informa 
tion of each area section of the detecting area 5. 
0.055 The thermal information of each area section of the 
detecting area 5 actually obtained by the two-dimensional 
thermopile 2 is a temperature difference between each 
section of the detecting area 5 and the corresponding portion 
of the two-dimensional thermopile array 2. The two-dimen 
sional thermopile array 2 can only obtain the temperature 
difference every divided area section of the divided detect 
ing area 5. 
0056. The temperature of the two-dimensional thermo 
pile array 2 itself can be measured by the thermal sensor 4. 
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0057 Accordingly, the temperature of each of the divided 
area sections of the detecting area 5 which are divided into 
32 (height)x32 (width) sections can be obtained by calcu 
lating the temperature information from the thermal sensor 
4 and the temperature information of each area section of the 
detecting area 5 obtained by the two-dimension thermopile 
array 2 using the microcomputer 9. 
0058 Clock signals and reset signals are inputted into the 
scanning circuit 3 mounted in the thermopile type far 
infrared ray area sensor 1. The scanning circuit 3 initializes 
the value of the counter mounted in the scanning circuit 3 
every input of reset signal to return the value into Zero. 
0059. The value of the counter mounted in the scanning 
circuit 3 is incremented one by one in Synchronization with 
the rising of the inputted clock signal. 
0060. The 32x32 divided area sections of the two-dimen 
sional thermopile array 2 have respective addresses with 
address values increasing from the upper left side thereof 
toward the lower right side. Utilizing the counter value 
which will be incremented one by one, the Scanning circuit 
3 outputs an address value allotted to the two-dimensional 
thermopile array 2 to each of the divided area sections of the 
two-dimensional thermopile array 2 in order. 
0061 The two-dimensional thermopile array 2 to which 
the addresses are allotted outputs the information on the 
temperature difference obtained every corresponding area 
section as a potential difference (voltage) in order. 
0062) The potential difference will be outputted via the P 
terminal and the N terminal, which are output terminals of 
the thermopile type far infrared ray area sensor 1. The P 
terminal is a P channel terminal with a positive polar, and the 
N terminal is an N channel terminal with a negative polar. 
0063. The potential difference outputted from the ther 
mopile type far infrared ray area sensor 1 via the Pterminal 
and the N terminal will be inputted to the amplifier 7. The 
amplifier 7 includes a difference amplifier circuit, and ampli 
fies the potential difference depending on the potential 
difference between the P terminal and the N terminal to 
output the amplified potential difference as an output signal. 
0064. The amplifier 7 is required to amplify the potential 
difference at a high magnification rate since the electromo 
tive force to be generated by the two-dimensional thermo 
pile array 2 is weak. 
0065. In this embodiment, the amplifier 7 amplifies the 
potential difference between the P terminal and the N 
terminal by approximately several thousand times to output 
to the lowpass filter (hereinafter referred to as “LPF) 8. The 
LPF 8 is a lowpass filter constituted by resistors and capaci 
tors, and Smoothens the quickly increased noise components 
among signals contained in the potential difference ampli 
fied by the amplifier 7 and then outputs the smoothened 
signal to the 12 bit A/D converter 10 in the microcomputer 
9. The 12-bit A/D converter 10 converts the analog signal 
inputted from the LPF 8 into 12-bit digital data. 
0066. The thermal sensor 4 mounted in the thermopile 
type far infrared ray area sensor 1 is configured to output the 
temperature information of each area section of the two 
dimensional thermopile array 2 as a potential difference. 
0067. The temperature information of the two-dimen 
sional thermopile array 2 is inputted to the 12-bit A/D 
converter 11 to be converted into 12-bit digital data. 
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0068. The CPU 12 in the microcomputer 9 obtains the 
temperature information of each of the area sections, which 
are the 32x32 divided area sections of the two-dimensional 
thermopile array 2, based on the temperature information of 
the two-dimensional thermopile array 2 itself and the volt 
age output showing the aforementioned temperature differ 
ence of each of the area sections of the two-dimensional 
thermopile array 2. 
0069. The aforementioned temperature information 
obtained by the CPU 12 is a relative temperature showing 
the difference between the temperature of each area section 
of the detecting area 5 and the temperature of each area 
section of the two-dimensional thermopile array 2. In other 
words, the obtained temperature information shows how 
higher or lower the temperature of each area section of the 
detecting area 5 is in comparison with the temperature of the 
two-dimensional thermopile array 2. 
0070. In order to obtain the temperature information of 
each area section of the detecting area 5, the CPU 12 adds 
the temperature information of the two-dimensional ther 
mopile array 2 itself to the relative temperature difference 
between the temperature of each area section of the detect 
ing area 5 and the temperature of each area section of the 
two-dimensional thermopile array 2. 
0071. The CPU 12 makes the SRAM114 store the 
obtained temperature information of each area section of the 
detecting area 5 via the CPU bus. The temperature infor 
mation of the 32x32 area sections to be measured once, 
which is called one frame, will be processed all together as 
a single information unit. 
0072. In this embodiment, the temperature measuring of 
the detecting area 5 is executed three times per second, and 
the SRAM114 stores the most recent three measured results. 
The SRAM114 erases the oldest measured result and stores 
the new measured result to keep updating measured results 
every new measurement. The series of processing is 
executed by the program stored in the PROM 13. The 
PROM 13 is constituted by a nonvolatile memory called 
“flash memory,” so that the program can be rewritten 
conveniently, e.g., in cases where the program is required to 
be amended. 

0073. In FIG. 1, the SRAM114 and SRAM215 are 
illustrated separately. In a memory to be used for a CPU, a 
memory is generally administered in Such a manner that the 
entire memory is divided into a plurality of sections. Upon 
request of an access to the memory from the CPU, one of the 
sections is selected among the entire sections of the memory 
for reading or writing. The section of the memory is called 
“bank. 

0074) In place of the aforementioned SRAM114 and 
SRAM215, a single SRAM in which the entire memory is 
divided into two banks, i.e., SRAM1 and SRAM2, can be 
used. In this case, since a part of the built-in memory address 
decoder can be shared, the chip area of the microcomputer 
9 can be decreased. 

0075 Now, the temperature information of each area 
section of the detecting area 5 may have a peculiar charac 
teristic in measurement accuracy every end product because 
of dispersion of the two-dimensional thermopile array 2 and 
thermal sensor device 4. Accordingly, in order to secure 
uniform accuracy of the temperature measuring apparatus as 
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an end product, strict selection of end products by inspection 
or a correction of peculiar characteristic of each end product 
will be inevitable. However, in the case of the strict selection 
of end products, a number of end products will be regarded 
as inferior products, resulting in an increased manufacturing 
cost. To reduce a manufacturing cost of an end product, it is 
preferable to correct the characteristic of each end product 
by corrections/amendments. 
0076. As a concrete correcting means, a device capable of 
correctly reproducing a set temperature, e.g., a blackbody 
furnace, is commonly used. For example, a blackbody 
furnace 19 shown in FIG. 1 is set to a certain temperature 
and then placed at the detecting area 5 to measure the 
temperature of the blackbody furnace 19. 
0077. In this case, if the two-dimensional thermopile 
array 2 and the thermal sensor 4 are accurate, the measured 
result should coincide with the set temperature of the 
blackbody furnace 19. 
0078. In fact, however, a two-dimension thermopile array 
2 and a thermal sensor 4 include dispersion at its manufac 
turing and assembling steps, and therefore the end product 
may have different thermal characteristics. For example, in 
Some cases, a measured temperature becomes higher than 
the actual temperature, a measured temperature becomes 
lower than the actual temperature, or thermal characteristics 
differ at measuring temperature. As explained above, in 
order to reduce the dispersion of each end product, strict 
selection of end products or a correction of a peculiar 
characteristic of each end product will be inevitable. In this 
embodiment, the thermal characteristic of each end product 
is corrected to reduce the dispersion among end products so 
that end products with uniform characteristic falling within 
a certain range can be Supplied to consumers at a reasonable 
COSt. 

0079. In order to know the temperature characteristics of 
each end product, it is preferable to perform temperature 
tests using a blackbody furnace 19, which covers from a low 
temperature and a high temperature, at least two times. For 
example, the temperature tests are performed at 5° C. in a 
low temperature range and 40° C. in a high temperature 
range. If the test results revealed that the actually measured 
temperatures included errors, an amendment for making the 
actually measured temperature approach the ideal value 
which is the actual temperature of the blackbody furnace 19. 
0080. The method of the amendment will be explained 
with reference to FIGS. 2 to 4. 

0081 FIG. 2A shows a case in which the measured 
temperature is higher than the actual temperature by a 
certain degree from a low temperature to a high temperature, 
and FIG. 2B shown a case in which the measured tempera 
ture is lower than the actual temperature by a certain degree 
from a low temperature to a high temperature. In both cases, 
if an error at a low temperature is nearly the same as an error 
at a high temperature, an effective correction/amendment 
can be performed by simply shifting all of temperatures to 
be measured downward or upward by a certain degree. 
0082 In the example shown in FIG. 2A, the measured 
temperatures measured by using the blackbody furnace 19 
are higher than the actual temperature, i.e., the linear line, by 
a certain degree. Accordingly, a correction to lower a mea 
Sured value by a certain degree is executed. In detail, in the 
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case of FIG. 2A, since the measured degrees are higher than 
the actual temperatures by 5° C. at the low temperature and 
the high temperature, a correcting value of 5 is subtracted 
from the actually measured temperature to thereby obtain a 
corrected temperature. The correcting value for making the 
measured temperature approach the actual temperature is 
Stored in the PROM 13. 

0083. On the other hand, in the example shown in FIG. 
2B, the measured temperatures measured by using the 
blackbody furnace 19 are lower than the actual temperature, 
i.e., the linear line, by a certain degree. Accordingly, an 
amendment to heighten a measured temperature by a certain 
degree is executed. In detail, in the case of FIG. 2B, since 
the measured degrees are lower than the actual temperatures 
by 5° C. at the low temperature and the high temperature, a 
correcting value of 5° C. is added to the actually measured 
temperature to thereby obtain a corrected temperature. In the 
same manner as in the example shown in FIG. 2A, the 
correcting value for making the measured temperature 
approach the actual temperature is stored in the PROM 13. 
0084. The examples shown in FIGS. 2A and 2B reside in 
a concept that the actually measured temperature is cor 
rected so as to approach an actual temperature, i.e., an ideal 
value, to thereby decrease an error. Unlike these examples, 
another example shown in FIG. 3 employs no ideal value. 
In the example shown in FIG. 3, assuming that temperatures 
to be measured will be on a linear line connecting the 
actually measured temperatures obtained by measuring only 
at two points, the actual temperatures will be determined. 
0085 For example, a blackbody furnace 19 is disposed at 
the detecting area 5 and sets to be a first temperature and a 
second temperature. In this example, the first temperature is 
set to 5°C. as a low temperature and the second temperature 
is set to 40° C. as a high temperature. 
0.086 At the first temperature, a measurement is per 
formed. Then, based on the outputs from the A/D converters 
10 and 11, the temperature is calculated. The obtained 
calculated result is defined as a first reference calculated 
result. In the same manner, at the second temperature, a 
measurement is performed and the temperature is calculated. 
The obtained calculated result is defined as a first reference 
calculated result. 

0087. Then, the first reference calculated result corre 
sponding to the first temperature and the second reference 
calculated result corresponding to the second temperature 
are connected to obtain a linear line. Thus, an actual tem 
perature to be measured at the detecting area 5 can be 
predicted by considering the relationship shown by the 
linear line. In concrete, a measurement is performed and the 
temperature is calculated to obtain a calculated result. The 
calculated result is plotted on the Y-axis of the X-Y coor 
dinate shown in FIG. 3. From the point on the Y-axis, a 
horizontal line is extended to the linear line to obtain an 
intersecting point on the linear line. Then, from the inter 
secting point on the linear line, a vertical line is downwardly 
extended to the X-axis to obtain an intersecting point on the 
X-axis. Thereafter, the actual temperature is predicted from 
the ratio of the distance A between the intersection point on 
the X-axis and the first temperature (i.e., 5° C.) to the 
distance B between the second temperature (i.e., 40°C.) and 
the intersection point on the X-axis. 
0088 As mentioned above, in the example shown in 
FIGS. 2A and 2B, a known temperature is measured at two 
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points using a blackbody furnace 19 and then a linear line 
connecting the two points is obtained. Thereafter, the linear 
line is amended so as to approach an ideal linear line. In this 
case, however, the actually measured temperatures may 
contain errors at the time of measuring the temperatures. In 
Some cases, the actually measured temperatures may contain 
large errors. But, in other cases, they may contain almost no 
error. The amount of errors differs depending on various 
factors, e.g., the amount of noise. 
0089. If the actually measured test temperatures include 
large errors, since the Subsequent measured temperatures 
will be corrected based on the actually measured test tem 
peratures, the corrected measured temperatures will be 
reflected by such errors. To avoid such problems, it is 
preferable to obtain test temperatures using the blackbody 
furnace not only at two points but also at a number of points. 
0090. In the case of obtaining test temperatures at a 
number of points, however, it becomes difficult to make the 
curve connecting the test temperatures approach a linear 
line. Accordingly, in Such a case, a temperature correction in 
accordance with a least squares method is preferably per 
formed. 

0091. Furthermore, a temperature characteristic of a two 
dimensional thermopile array 2 does not exhibit an exact 
linear line and sometimes shows a quadratic curve. In cases 
where temperature characteristic exhibits a quadratic curve, 
the measurement errors can be minimized by executing 
temperature corrections in accordance with a least squares 
method. 

0092. Hereinafter, an example of a temperature correc 
tion method in accordance with a least squares method will 
be explained. When a reference temperature is measured 
using a blackbody furnace 19, the data and the measured 
temperature are represented by “x' and “y.” In the example 
shown in FIG. 4, seven sampling results were obtained at 
seven different temperatures of the blackbody furnace 19. In 
this example, the approximate function (approximate curve) 
connecting the actually measured values does not coincide 
with an ideal linear line (approximate linear line) because of 
measurement errors, etc. 

0093 Provided that the blackbody furnace 19 is set to 
reference temperatures of x1, x2, x3 ... in order and that the 
measured results are represented by y1, y2, y3. . . . sampling 
results at N different reference temperatures are represented 
by the following formula 1. 

(x, y), n=0,1, . . . .N-1 (Formula 1) 

0094. The approximate function to be obtained will be 
represented by the following formula 2. 

0.095. In the ideal linear line, if the X-coordinate at the 
measuring point 1 is x1, the Y-coordinate will be a0x1)+b. 
The actually measured value at the measuring point 1 is X1 
on the X-coordinate and y1 on the Y-coordinate. The dif 
ference between the ideal value and the actually measured 
value is called an prediction error, which can be represented 
by S1=y1-a(x1)+b). 

0096. In order to minimize the prediction error of the 
approximate function (approximate curve) shown by For 
mula 2, the coefficient Co-Cn of the formula 2 can be 
represented by the following formula 3 using square errors. 

(Formula 2) 
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W- (Formula 3) 
S = X(y – f(x,) 

=0 

0097. In the formula 3, ignoring the case in which the 
coefficient of X is larger than cubic, the formula will be 
represented by the following formula 4. 

s=(y-co-cis-cx,’’ (Formula 4) 

0098. In the formula 4, regarding the coefficient C0 to Cn, 
the partial differentiation value becomes Zero at the mini 
mum point. Regarding the coefficient C0 to C2, at the 
minimum point, the partial differentiation value becomes 
Zero. Therefore, the following formula 5, formula 6, and 
formula 7 can be obtained. 

dS W- 2 (Formula 5) 
deo = 0 -> 2. (y - Co - C1 - C2x) 

= 0 

dS W- 2 (Formula 6) 

i = 0-X (y – co-cis, -csix, =0 

= 0 

W- W- N- (Formula) 

CoN + C1 X -- C2 y yn 
=0 =0 

0099 From the formula 5, the formula 6 and the formula 
7, the following formula 8, formula 9 and formula 10 can be 
obtained. 

W- W- W- N- (Formula 8) 

Co X X - C x + c2 X x =X Wayn 

W- W- W- N- (Formula 9) 

coX, Xi+ cj x + c2 X x =X wiy, 

2 N Wn X, CO X. yn (Formula 10) 

X. 
X. 

0100. The aforementioned formula 8, formula 9 and 
formula 10 can be represented by the following matrix. 

(A)(c)=(B.) 
0101 From the formula 11, a simultaneous equation with 
unknown quantities of Co-C2 can be obtained. When the 
coefficient matrix, the unknown vector and the constant 
vector are represented by Aij, Ci and Bi, the formula 1 1 can 
be represented as follows. 

(A)(c)=(B.) 
0102) In the formula 12, when the maximum order of the 
approximate function is n, the elements of A and B can be 
represented by the following formula 13. 

(Formula 11) 

(Formula 12) 
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N (Formula 13) 

0103) A quadratic least square polynominal expression is 
obtained from the reference input date represented by the 
formula 1 to derive a simultaneous equation. By Solving the 
simultaneous equation, Ci can be obtained. By Substituting 
the Ci in the formula 2 and a newly inputted data X, the 
temperature can be calculated. 
0.104 Since the output characteristics of a thermopile are 
represented by a quadratic curve, by obtaining a simulta 
neous equation from a plurality of sampling points and 
registering the obtained Co to C2 in a ROM, a corrected 
temperature considering the thermopile characteristics can 
be obtained from the inputted data. 
0105. According to the aforementioned method, high 
speed and accurate conversion can be performed without 
requiring many correcting samplings. However, in order to 
enhance the accuracy, the aforementioned processing is 
preferably performed every pixel unit to obtain a corrected 
temperature. Thus, a least squares method enables the actu 
ally measured temperature to approach the ideal value. 
0106 While the present invention may be embodied in 
many different forms, a number of illustrative embodiments 
are described herein with the understanding that the present 
disclosure is to be considered as providing examples of the 
principles of the invention and Such examples are not 
intended to limit the invention to preferred embodiments 
described herein and/or illustrated herein. 

0107 While illustrative embodiments of the invention 
have been described herein, the present invention is not 
limited to the various preferred embodiments described 
herein, but includes any and all embodiments having equiva 
lent elements, modifications, omissions, combinations (e.g., 
of aspects across various embodiments), adaptations and/or 
alterations as would be appreciated by those in the art based 
on the present disclosure. The limitations in the claims are 
to be interpreted broadly based on the language employed in 
the claims and not limited to examples described in the 
present specification or during the prosecution of the appli 
cation, which examples are to be construed as non-exclu 
sive. For example, in the present disclosure, the term “pref 
erably is non-exclusive and means “preferably, but not 
limited to.” In this disclosure and during the prosecution of 
this application, means-plus-function or step-plus-function 
limitations will only be employed where for a specific claim 
limitation all of the following conditions are present in that 
limitation: a) “means for or “step for is expressly recited; 
b) a corresponding function is expressly recited; and c) 
structure, material or acts that Support that structure are not 
recited. In this disclosure and during the prosecution of this 
application, the terminology "present invention' or “inven 
tion' is meant as a non-specific, general reference and may 
be used as a reference to one or more aspect within the 
present disclosure. The language present invention or inven 
tion should not be improperly interpreted as an identification 
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of criticality, should not be improperly interpreted as apply 
ing across all aspects or embodiments (i.e., it should be 
understood that the present invention has a number of 
aspects and embodiments), and should not be improperly 
interpreted as limiting the scope of the application or claims. 
In this disclosure and during the prosecution of this appli 
cation, the terminology "embodiment can be used to 
describe any aspect, feature, process or step, any combina 
tion thereof, and/or any portion thereof, etc. In some 
examples, various embodiments may include overlapping 
features. In this disclosure and during the prosecution of this 
case, the following abbreviated terminology may be 
employed: “e.g. which means “for example:” and “NB' 
which means “note well.” 

What is claimed is: 
1. A temperature measuring apparatus with a temperature 

correction function, comprising: 
a light receiving portion having a plurality of light receiv 

ing units for measuring heat quantity of divided tem 
perature detecting area, the light receiving portion 
measuring a relative temperature difference between 
each of the light receiving units and its corresponding 
divided temperature detecting area in a non-contact 
manner, 

athermal sensor for detecting a temperature of each of the 
plurality of light receiving units; and 

a calculation portion for calculating a temperature of each 
of the divided temperature detecting areas based on the 
temperature obtained by the thermal sensor and the 
relative temperature difference obtained by the light 
receiving portion; 

a correction information holding portion for holding cor 
rection information on known reference temperature of 
the temperature detecting area and its corresponding 
calculated result outputted from the calculation portion 
obtained when heat quantity of the temperature detect 
ing area is set to the reference temperature; and 

a correction portion for correcting the calculated result of 
the calculation portion based on the correction infor 
mation. 

2. The temperature measuring apparatus as recited in 
claim 1, wherein the light receiving portion is constituted by 
a two-dimensional thermopile array. 

3. The temperature measuring apparatus as recited in 
claim 1, wherein the correction portion corrects the calcu 
lated result of the calculation portion utilizing a linear graph 
connecting a first corrected result obtained by the correction 
portion and a second corrected result obtained by the cor 
rection portion. 

4. The temperature measuring apparatus as recited in 
claim 1, wherein the correction portion corrects the calcu 
lated result of the calculation portion utilizing a function 
showing a temperature characteristic obtained based on a 
plurality of the calculated results obtained by the calculation 
portion. 

5. The temperature measuring apparatus as recited in 
claim 4, wherein the function is obtained by using a least 
squares method. 

6. The temperature measuring apparatus as recited in 
claim 1, wherein the temperature measuring apparatus is 
applied to a heat ray detector. 
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7. A temperature correction processing device equipped 
with a plurality of light receiving units for measuring heat 
quantity of divided detecting areas, the temperature correc 
tion processing device comprising: 

a light receiving portion configured to measure a relative 
temperature difference between each of the light receiv 
ing units and its corresponding divided detecting area 
in a non-contact manner; 

a temperature measuring portion configured to measure a 
temperature of the light receiving units; 

a calculation portion configured to calculate a temperature 
of each of the divided detecting areas based on the 
temperature from the temperature measuring portion 
and the relative temperature difference from the light 
receiving portion and output the calculated result; 

a correction information holding portion configured to 
hold correction information on a known reference 
temperature in the detecting area and the calculated 
result from the calculating portion obtained when heat 
quantity of the detecting area is set to the reference 
temperature; and 

a correction portion configured to correct the calculated 
result based on the correction information. 

8. The temperature correction processing device as recited 
in claim 7, wherein the light receiving portion is constituted 
by a two-dimensional thermopile array. 

9. The temperature correction processing device as recited 
in claim 7, wherein the correction portion corrects the 
calculated result of the calculation portion utilizing a linear 
graph connecting a first corrected result obtained by the 
correction portion and a second corrected result obtained by 
the correction portion. 

10. The temperature correction processing device as 
recited in claim 7, wherein the correction portion corrects 
the calculated result of the calculation portion utilizing a 
function showing a temperature characteristic obtained 
based on a plurality of the calculated results obtained by the 
calculation portion. 

11. The temperature correction processing device as 
recited in claim 10, wherein the function is obtained by 
using a least squares method. 

12. The temperature correction processing device as 
recited in claim 7, wherein the temperature measuring 
apparatus is applied to a heat ray detector. 

13. A temperature measuring apparatus, comprising: 

a light receiving portion having a plurality of light receiv 
ing units for measuring heat quantity of divided tem 
perature detecting area, the light receiving portion 
measuring a relative temperature difference between 
each of the light receiving units and its corresponding 
divided temperature detecting area in a non-contact 
manner, 

a thermal sensor for detecting temperature of the light 
receiving portion; 

a calculation portion for calculating a temperature of each 
of the divided temperature detecting areas based on the 
temperature obtained by the thermal sensor and the 
relative temperature difference obtained by the light 
receiving portion; 
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a reference calculated result holding portion for holding a 
relation represented by a linear graph connecting a first 
reference calculated result of a first known temperature 
and a second reference calculated result of a second 
known temperature; and 

a temperature predicting portion for predicting a tempera 
ture of an object from the calculated result obtained by 
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the calculation portion by utilizing a relation repre 
sented by the linear graph. 

14. The temperature measuring apparatus as recited in 
claim 13, wherein the light receiving portion is constituted 
by a two-dimensional thermopile array. 


