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(57) ABSTRACT 

A temperature measurement device includes a temperature 
measurement part, aheat insulator, and a calculation part. The 
temperature measurement part is disposed among the heat 
insulator and has a Substrate as a heating medium having a 
first Surface as a contact Surface configured to contact a mea 
Sured body, a first temperature sensor configured to measure, 
as a first temperature, the temperature at a first measurement 
point of the Substrate, and a second temperature sensor for 
measuring, as a second temperature, the temperature at a 
second measurement point different from the first measure 
ment point of the Substrate. The first measurement point and 
the second measurement point are positioned on an external 
surface of the substrate or inside of the substrate. The calcu 
lation part calculates a deep temperature in a deep part of the 
measured body distant from the first surface on the basis of 
the first temperature and the second temperature. 
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DATAEXAMPLE OF Tb, Tp, AND Tout 
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Paramater TEMPERATURE (C) 

{ Tb1 29,2884 
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Tb3 35.8983 

{ Tout 23 
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Tout3 35 

Tp1 27.4605 
Tpn Tp2 32.2303 

Tp3 35.6372 

OCOMPUTATION RESULT WITH 36,99986 
RESPECT TOTc=37 

  



Patent Application Publication Nov. 20, 2014 Sheet 12 of 24 US 2014/0343887 A1 

DATA EXAMPLE OF Tb, Tp, AND Tout 
HEAT TRANSFERCOEFFICIENTIN THE ATMOSPHERE 0.01Wim2K 
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DATA EXAMPLE OF Tb, Tp, AND Tout 
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TEMPERATURE MEASUREMENT DEVICE 
AND TEMPERATURE MEASURING 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent Ser. No. 13/229,123 filed on Sep. 9, 2011. This 
application claims priority to Japanese Patent Application 
No. 2010-243272 filed on Oct. 29, 2010. The entire disclo 
sures of U.S. patent Ser. No. 13/229,123 and Japanese Patent 
Application No. 2010-243272 are hereby incorporated herein 
by reference. 

BACKGROUND 

0002 1. Technological Field 
0003. The present invention relates to a temperature mea 
Surement device and a temperature measurement method or 
the like. 
0004 2. Background Technology 
0005. A health state, basal metabolism state, mental state, 
or other biological information, for example, is obtained from 
the body temperature, which is a piece of basic vital informa 
tion. In a case in which the health state, basal metabolism 
state, or mental state of a person or animal is estimated based 
on the body temperature of the person or animal, information 
on the temperature of a deep part (deep temperature) is nec 
essary, rather than the temperature of a surface part. 
0006. In a case in which the temperature inside a furnace, 
duct, or the like is measured, when the internal temperature 
(i.e., deep temperature) can be measured by a temperature 
measurement device that is provided on the outside of the 
furnace or duct, there is no need for work to place the tem 
perature measurement device inside the furnace, duct, or the 
like, and there is also no risk of the temperature measurement 
device being corroded by an internal Substance. 
0007. A clinical thermometer for measuring a deep tem 
perature is described in Patent Citation 1, for example. In 
Patent Citation 1, two temperature measurement parts (first 
temperature measurement part and second temperature mea 
Surement part) are disposed parallel to each other at a distance 
L on a human body. A first heat insulator is provided on the 
environment (atmosphere) side of the first temperature mea 
Surement part, and a second heat insulator is also provided on 
the environment (atmosphere) side of the second temperature 
measurement part, and by using a different material for the 
second heat insulator than the first heat insulator, the two 
temperature measurement parts have different thermal resis 
tance values, and two different heatfluxes are thereby created. 
The first temperature measurement part measures a first body 
Surface temperature and a first intermediate temperature, and 
the second temperature measurement part measures a second 
body Surface temperature and a second intermediate tempera 
ture. These four units oftemperature data are used to measure 
the deep temperature by a predetermined arithmetic equation. 
0008 Specifically, for the first heat flux, by focusing on a 
point at which the heat flux flowing through the first tempera 
ture measurement part and the heat flux from a deep part of 
the body to the body Surface are equal, a first equation is 
obtained which relates the deep temperature, a measured 
temperature, and the thermal resistance. A second equation 
relating the deep temperature, a measured temperature, and 
the thermal resistance is obtained in the same manner for the 
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second heat flux. By solving a system of equations, the deep 
temperature can be accurately calculated even when the ther 
mal resistance value of the body is unknown. 
0009 Japanese Laid-open Patent Publication No. 2006 
308538 (Patent Citation 1) discloses such clinical thermom 
eter for example. 

SUMMARY 

0010. In the technique described in Patent Citation 1, the 
heat balance between the temperature measurement parts and 
the Surrounding environment (atmosphere) is not considered, 
as relating to computing the deep temperature. In other words, 
in the technique described in Patent Citation 1, it is assumed 
that an ideal system can be formed in which no heat balance 
OCCU.S. 

0011. However, in a case in which the temperature mea 
Surement parts are further reduced in size, a heat balance 
between the environment (atmosphere) and the side surfaces 
of the temperature measurement parts is manifested, and the 
measurementerrorcorresponding to the difference of the heat 
balance can no longer be ignored. Although the measurement 
error is slight, the presence of a measurement error is incon 
trovertible. 
0012. Through at least one aspect of the invention, a deep 
temperature can be measured with higher precision. 
0013 A temperature measurement device according to an 
aspect of the invention comprises a temperature measurement 
part, a heat insulator, and a calculation part. The temperature 
measurement part is disposed among the heat insulator. The 
temperature measurement part has a Substrate as a heating 
medium having a first Surface as a contact Surface for con 
tacting a measured body, a first temperature sensor configured 
to measure, as a first temperature, the temperature at a first 
measurement point of the Substrate, and a second temperature 
sensor configured to measure, as a second temperature, the 
temperature at a second measurement point different from the 
first measurement point of the substrate. The first measure 
ment point and the second measurement point are positioned 
on an external surface of the substrate or inside of the sub 
strate. The calculation part calculates a deep temperature in a 
deep part of the measured body distant from the first surface 
on the basis of the first temperature and the second tempera 
ture. 

0014. The temperature measurement device according to 
the aspect of the invention further comprises a control part. 
The control part divides a time period for measuring the first 
temperature and the second temperature into a plurality of 
time periods, and causes the first temperature sensor and the 
second temperature sensor to execute a plurality of tempera 
ture measurements at a predetermined interval for each time 
period, and the calculation unit determines the first tempera 
ture and the second temperature for each time period by 
averaging in which a plurality of temperature measurement 
data obtained by the plurality of measurements is used, and 
uses the first temperature and the second temperature deter 
mined for each the time period to execute calculation, and 
calculates the deep temperature in a deep part of the measured 
body. 
0015. A temperature measurement method according to 
another aspect of the invention comprises performing a mea 
Surement of temperature at a first measurement point and a 
second measurement point in different positions on an exter 
nal surface of a substrate or inside the substrate, which is 
deposited among a heat insulator, and calculating a deep 
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temperature in a deep part of the measured body distant from 
the first surface, on the basis of the temperature of the first 
measurement point and the temperature of the second mea 
Surement point. 
0016. The temperature measurement method according to 
the aspect of the invention, the temperature of the first mea 
Surement point and the temperature of the second measure 
ment point are measured a plurality of times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1A through 1C are views showing the method 
for measuring a deep temperature in a first embodiment; 
0018 FIGS. 2A and 2B are views showing an example of 
the temperature measurement method, and an example of the 
configuration of the temperature measurement device for 
implementing the temperature measurement method; 
0019 FIGS. 3A and 3B are views showing another 
example of the temperature measurement method, and 
another example of the configuration of the temperature mea 
Surement device for implementing the temperature measure 
ment method; 
0020 FIGS. 4A and 4B are views showing another 
example of the temperature measurement method, and 
another example of the configuration of the temperature mea 
Surement device for implementing the temperature measure 
ment method; 
0021 FIGS. 5A through 5C are views showing the rela 
tionship between the first temperature and the second tem 
perature under conditions in which the environment tempera 
ture is constant, and the results in a case in which the 
relationship is applied to the deep temperature computation 
equation; 
0022 FIGS. 6A through 6D are views showing the rela 
tionship between the first temperature and the second tem 
perature in a case in which the environment temperature is 
varied; 
0023 FIGS. 7A through 7D are views showing the method 
for measuring the deep temperature in the first embodiment; 
0024 FIGS. 8A through 8C are views showing an example 
of the overall configuration of the temperature measurement 
device; 
0025 FIGS. 9A and 9B are views showing a practical 
example of the temperature measurement device in which 
wireless communication is utilized; 
0026 FIG. 10 is a view showing the procedure for mea 
Suring the deep temperature in the first embodiment; 
0027 FIG. 11 is a view showing an example of the deep 
temperature computation results; 
0028 FIG. 12 is a view showing another example of the 
deep temperature computation results; 
0029 FIG. 13 is a view showing another example of the 
deep temperature computation results; 
0030 FIG. 14 is a view showing another example of the 
deep temperature computation results; 
0031 FIGS. 15A and 15B are views showing an example 
of the relationship between the temperature distribution 
inside the Substrate and the measurement results; 
0032 FIGS. 16A and 16B are views showing another 
example of the relationship between the temperature distri 
bution inside the Substrate and the measurement results; 
0033 FIG. 17 is a view showing the method for measuring 
the deep temperature in a second embodiment; 
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0034 FIGS. 18A and 18B are views showing a reason that 
an error component caused by a heat balance occurs in the 
technique described in Patent Citation 1: 
0035 FIGS. 19A and 19B are views showing areason that 
an error component caused by a heat balance does not occur 
in the second embodiment of the invention; 
0036 FIGS. 20A and 20B are views showing the proce 
dure for measuring the deep temperature in the second 
embodiment, and an example of the deep temperature com 
putation results in the second embodiment; 
0037 FIGS. 21A through 21E are views showing an 
example of a method for providing a temperature sensor to the 
substrate; 
0038 FIGS. 22A through 22C are views showing an 
example of the clinical thermometer described in FIG. 5 of 
Patent Citation 1 (Japanese Laid-open Patent Publication No. 
2006-308538): 
0039 FIG. 23 is a view showing a contact part model of 
the clinical thermometer when the heat flux is in a steady 
state, and the deep temperature computation equation; and 
0040 FIG. 24 is a view showing the measurement error 
due to a heat balance in the technique. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0041. Before the description of embodiments of the inven 
tion, the calculation deep temperature calculation equation in 
Patent Citation 1 will be briefly described. 
0042 FIGS. 22A through 22C are views showing an 
example of the clinical thermometer described in FIG. 5 of 
Patent Citation 1 (Japanese Laid-open Patent Publication No. 
2006-308538). The content of FIG. 7 of Patent Citation 7 is 
shown without modification in FIG.22A. FIGS. 22B and 22C 
are Supplementary views added herein to describe the opera 
tion of the example shown in FIG. 7 of Patent Citation 1. 
0043. As shown in FIG.22A, a clinical thermometer main 
body 3 is provided on a human body 2. The clinical thermom 
eter main body 3 is provided with a first temperature mea 
Surement part 3A and a second temperature measurement part 
3B. The first temperature measurement part 3A is provided 
with a heat insulator 37 which has a contact surface 300A for 
contacting a body Surface 2A of the human body 2, and, as 
heat flux adjustment section, a heat insulator 38A as a first 
heat insulator provided between the heat insulator 37 and the 
outside air. The second temperature measurement part 3B is 
provided with the heat insulator 37 which has a contact sur 
face 300B for contacting the body surface 2A in a position at 
a distance L from the contact position of the first temperature 
measurement part 3A, and, as a heat flux adjustment section, 
a heat insulator 38B as a second heat insulator between the 
heat insulator 37 and the outside air. Specifically, the heat 
insulator 37 is shared by the first temperature measurement 
part 3A and the second temperature measurement part 3B. 
and has a shared thermal resistance value. 
0044) The first temperature measurement part 3A is pro 
vided with a body surface sensor 31A as a first basis tempera 
ture measurement part for measuring the temperature of the 
body Surface 2A as a first basis temperature; and a middle 
sensor 32A as a first reference temperature measurement part 
for measuring the temperature of an interface 301A between 
the heat insulator 37 and the heat insulator 38A as a first 
reference temperature. 
0045. The second temperature measurement part 3B is 
also provided with a body surface sensor 31B as a second 
basis temperature measurement part for measuring the tem 
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perature of the body Surface 2A as a basis temperature, and a 
middle sensor 32B as a second reference temperature mea 
Surement part for measuring the temperature of an interface 
301 B between the heat insulator 37 and the heat insulator 38B 
as a second reference temperature. The material of the heat 
insulators 38 is different from the material of the heat insula 
tor 37. Consequently, the first temperature measurement part 
3A and the second temperature measurement part 3B each 
have a different thermal resistance value, and a different heat 
flux occurs in each temperature measurement part. 
0046 FIG.22B is a simplified view of the structure of the 
clinical thermometer main body shown in FIG. 22A. FIG. 
22C shows the thermal resistance and heat flux in the first 
temperature measurement part 3A and second temperature 
measurement part 3B shown in FIG.22B. 
0047. As shown in FIG. 22C, the thermal resistance of a 
Surface layer part of the human body 2 is RS, and a contact 
resistance Rt is present at the location of contact between the 
temperature measurement parts 3A, 3B and the human body 
2. The value of (RS+Rt) is unknown. The thermal resistance of 
the shared heat insulator 37 is RuO (known). The thermal 
resistance of the heat insulator 38A provided on the atmo 
sphere side of the first temperature measurement part 3A is 
(Rul+RV). The term RV is the thermal resistance of the 
Surface layer part near the atmosphere. The thermal resistance 
of the heat insulator 38B provided on the atmosphere side of 
the second temperature measurement part 3B is (Ru2+RV). 
0048. In FIG.22C, the temperatures measured by the body 
surface sensors 31A, 31B are designated as Tb1, Tb3, and the 
temperatures measured by the middle sensors 32A, 32B are 
designated as Tb2, Tb4. 
0049. As indicated by a thick-line arrow on the left side of 
FIG.22C, a heat flux occurs in the first temperature measure 
ment part 3A from a deep part of the human body 2 to the 
interface 301A at which the heat insulator 37 and the heat 
insulator 38A are in contact. The heat flux can be divided into 
a heat flux Q(s+t) from the deep part (temperature Tcore) of 
the human body 2 to the body surface 2A, and a heat flux Qu1 
from the body surface 2A to the interface 301A. In the second 
temperature measurement part 3B as well, a heat flux occurs 
from the deep part of the human body 2 to the interface 301A 
at which the heat insulator 37 and the heat insulators 38 are in 
contact, and this heat flux can be divided into a heat flux 
Q(s+t) from the deep part (temperature Tcore) of the human 
body 2 to the body surface 2A, and a heat flux Qu2 from the 
body surface 2A to the interface 301A. 
0050. The heat flux can be calculated by dividing the dif 
ference in temperature between two points by the thermal 
resistance value between the two points. The heat flux Q(s+t) 
is thus indicated by Equation (A) below, the heat flux Qu1 is 
indicated by Equation (B) below, and the heat flux Qu2 is 
indicated by Equation (C) below. 

In these equations, the heat flux in the human body 2 and the 
heat flux in the temperature measurement parts 3A, 3B are 
equal. Thus, Q(s+t)=Qu1, and in the same manner, Q(s+t) 
=Qu2. Consequently, Equation (D) below is obtained from 
Equation (A) and Equation (B), and Equation (E) below is 
obtained from Equation (A) and Equation (C). 
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0051 FIG. 23 is a view showing a contact part model of 
the clinical thermometer when the heat flux is in a steady 
state, and the deep temperature computation equation. The 
top part of FIG. 23 shows the content of FIG. 4 of Patent 
Citation 1 substantially without modification. As shown at the 
top of FIG. 23, the two different heat fluxes (Q(s+t) and Qu1. 
and Q(s+t) and Qu2) are indicated by lines having different 
slopes. In each heat flux, Equations (D) and (E) as equations 
for computing the deep temperature Tcore are obtained as 
described above by the condition whereby the heat flux in the 
human body 2 and the heat flux in the temperature measure 
ment parts 3A, 3B are equal. 
0.052 Based on Equation (D) and Equation (E), the term 
{(Rs--Rt)/RuO} can be removed. As a result, Equation (F) 
below is obtained as the deep temperature computation equa 
tion Tcore. 

Tb3(Tb1 - Tb2) - Tb1(Tb3 - Tb4) (F) 
(Tb1 - Tb2) - (Tb3 - Tb4) 

Tcore = 

Through Equation (F), the deep temperature Tcore of the 
human body 2 can be calculated with good precision irrespec 
tive of the thermal resistance value in the human body 2. 
0053 FIG. 24 shows the manner in which a measurement 
error due to a heat balance occurs in the technique shown in 
FIG. 22. In FIG. 24, the measurement temperatures of the 
body surface sensors 31A through 32B are indicated as T1 
through T4 for the sake of convenience. 
0054. In FIG. 24, heat balances (transfers of heat) between 
the human body 2 and the environment (atmosphere in this 
case) 7, or between the temperature measurement parts 3A, 
3B and the environment 7, are indicated by thick dashed-line 
arrows. As described above, a heat flux occurs from the deep 
part of the human body 2 to the temperature measurement 
parts 3A, 3B, but during actual temperature measurement, a 
portion of the heat flux escapes to the environment (atmo 
sphere) 7 from the temperature measurement parts 3A, 3B, 
for example, and heat flows into the temperature measure 
ment parts 3A, 3B from the environment (atmosphere) 7. In 
the technique described in Patent Citation 1 previously 
described, an ideal heat flux is assumed in which there is no 
heat balance, and the presence of a slight measurement error 
is therefore incontrovertible. 

0055. In Equation (F) shown at the bottom of FIG. 24, the 
deep temperature Tcore in the technique is divided into a true 
deep temperature Tc and an error component ATc due to heat 
balance. In other words, in the measurement method 
described in Patent Citation 1, a slight measurementerror that 
accompanies a heat balance is present in the measured deep 
temperature Tcore. Removing this error component that 
accompanies a heat balance by corrective calculation or the 
like, for example, enablers the precision of measuring the 
deep temperature to be further enhanced. 
0056. Embodiments of the invention will next be 
described with reference to the drawings. 

First Embodiment 

0057 FIGS. 1A through 1C are views showing the method 
for measuring a deep temperature in a first embodiment. In 
FIG. 1, only the relevant parts (temperature measurement 
parts) in the present embodiment are shown. An example of 
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the overall configuration of the temperature measurement 
device is described hereinafter by using FIG.8. 
0058 FIG. 1A will first be referenced. The temperature 
measurement device in the present embodiment has a Sub 
strate 40; a first temperature sensor 50 for measuring the 
temperature at a first measurement point p1 of the substrate 40 
as a first temperature Tb; a second temperature sensor 52 for 
measuring the temperature at a second measurement point p2 
different from the first measurement point p1 as a second 
temperature Tp, and an environment temperature acquiring 
part 53 for acquiring the temperature of an environment (at 
mosphere in this case) around the substrate 40 as a third 
temperature. 
0059. The substrate 40 has a first surface SR1 which is a 
contact Surface for contacting a measured body 6; and a 
second surface SR2 which is opposite the first surface SR1 
and is a Surface on the environment side (i.e., an upper Surface 
of the substrate 40). The first surface SR1 of the substrate 40 
is in contact with a surface of a surface layer part 5 of the 
measured body 6. 
0060. The second surface SR2 of the substrate 40 is a 
surface parallel to the first surface SR1, for example. The 
Substrate 40 is a heating medium for transmitting heat. A 
material (e.g., silicone rubber) having a predetermined ther 
mal conductivity (orthermal resistance), for example, may be 
used as the substrate 40. Silicone rubber, for example, may be 
used as the material of the substrate 40. The measured body 6 
may be a human body, or a furnace, duct, or other mechanical 
Structure. 

0061 A type oftemperature sensor which converts a tem 
perature value to a resistance value, for example, may be used 
as the first temperature sensor 50, the second temperature 
sensor 52, and a third temperature sensor 54, or a type of 
temperature sensor which converts a temperature value to a 
voltage value may be used. A chip thermistor, a flexible sub 
strate on which a thermistor pattern is printed, a platinum 
resistance thermometer, or the like may be employed as a type 
of temperature sensor which converts a temperature value to 
a resistance value. A thermocouple element, a PN junction 
element, a diode, or the like may be employed as a type of 
temperature sensor which converts a temperature value to a 
Voltage value. 
0062. The deep temperature of a deep part 4 of the mea 
Sured body 6 is designated as Tc, and the deep temperature Tc 
is the temperature to be measured. In the example shown in 
FIG. 1A, a heat flow (heat flux) Qa occurs from the deep part 
4 of the measured body 6 to the environment 7, as indicated by 
the dashed-line arrow. 
0063. The environment 7 is an atmosphere or other heating 
medium, for example, and can also be referred to as a Sur 
rounding medium or environment medium. The medium can 
be referred to as the environment (Surrounding medium, envi 
ronment medium) 7 even in a case in which a gas component 
which is not a constituent component of the atmosphere is 
included in the medium surrounding the substrate 40. The 
medium is also not limited to being a gas. 
0064. The first measurement point p1 and the second mea 
Surement point p2 may be provided on the external Surface of 
the substrate 40 or inside the substrate 40. In other words, the 
first measurement point p1 and the second measurement point 
p2 are any two points positioned on the external Surface of the 
substrate 40 or inside the substrate 40. 
0065. The first temperature sensor 50 and the second tem 
perature sensor 52 measure the first temperature Tb and the 
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second temperature Tp a plurality of times (three times in this 
case) under conditions in which the value of the third tem 
perature Tout varies. 
0066. The temperature Tp (i.e., first temperature) of the 

first measurement point p1 and the temperature Tb (i.e., sec 
ond temperature) of the second measurement point p2 both 
fluctuate due to the effects of the deep temperature Tc as a 
heat source, and fluctuate due to the effects of the temperature 
Tout (i.e., third temperature) of the environment 7, which is 
the terminal end of the heat flow. 
0067 For example, when the second temperature Tp is 
equal to T, the first temperature Tb can be expressed as 
aT+b, where a is the slope (first slope) of a linear function, 
and b is the intercept (first intercept). The first intercept b 
varies linearly according to the environment temperature 
(third temperature) Tout. Specifically, b=cTout--d, where c is 
the slope (second slope) of a linear function, and d is the 
intercept (second intercept). 
0068 A calculation part (not shown in FIG.1; indicated by 
reference numeral 74 in FIGS. 2 through 4) included in the 
temperature measurement part in the present embodiment 
calculates the deep temperature Tc in the deep part 4 of the 
measured body 6, the deep part 4 being distant from the first 
Surface SR1, by calculation by a first computation equation 
(Equation (1)) which is an equation for calculating the deep 
temperature, on the basis of the first temperatures (Tb1 
through Tb3) and second temperatures (Tp 1 through Tp3) 
obtained by three measurements, and the third temperatures 
(Tout1 through Tout3) having different values and corre 
sponding to the three measurements. In other words, Tc-d/ 
(1-a-c). 
0069. The first computation equation (Equation (1)) is 
derived with attention to the fact that the heat balance is zero 
when the deep temperature (Tc) and the environment tem 
perature (Tout) are equal (the detailed derivation is described 
hereinafter). The constants a, c, and dare determined from the 
temperature data obtained by the three measurements, and the 
deep temperature Tc is calculated by Substituting the con 
stants into Equation (1). The deep temperature Tc is com 
puted by this method in the present embodiment. 
0070. In the technique, different types of heat insulators 
are used in two temperature measurement parts to generate 
two different heat fluxes under conditions in which the envi 
ronment temperature is constant, but in the present embodi 
ment, aheat flux is generated in at least two systems in which 
the environment temperature varies. The term “environment 
is used in the following description, but the “environment' is 
an atmosphere or otherheating medium, for example, and can 
also be referred to as a Surrounding medium or an environ 
ment medium. 
0071. In the heat flow model of the technique, the envi 
ronment temperatures Tout in the two temperature measure 
ment systems have the same value (i.e., are constant). The 
heat flow that occurs between the deep temperature Tc and the 
environment temperature Tout in each system is thereby con 
stant, and this condition is assumed in the technique. The 
condition that the heat flow from the measured body to the 
environment, e.g., in the vertical direction, is constant is 
established under the assumption that no heat balance occurs 
in which a portion of the heat flow in the vertical direction 
escapes to the environment via a side Surface of the Substrate, 
for example. 
0072 However, as the temperature measurement device is 
further reduced in size, and the size of the substrate decreases, 
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a heat balance (e.g., an escape of heat from a side Surface of 
the substrate) between the measured body and the environ 
ment is manifested. In this case, the assumption of a constant 
heat flow between the deep temperature Tc and the environ 
ment temperature Tout is no longer satisfied. 
0073. In the present embodiment, however, one end of 
each heat flow in the plurality of heat flow systems is an 
environment in which temperature fluctuation is allowed. For 
example, the environment temperature is Toutl (an arbitrary 
temperature) in the first system, and the environment tem 
perature is Tout2 (an arbitrary temperature different from 
Tout 1) in the second system. The present embodiment is 
thereby not subject to the limitation of the technique, in which 
the heat flow between the environment temperature (Tout) 
and the deep temperature (Tc) must be constant between the 
plurality of heat flow systems. In other words, the movement 
of heat due to the heat balance is inherently included in the 
heat flux of each system, and between the environment tem 
perature Tout (arbitrary temperature) and the deep tempera 
ture Tc of the measured body, there is only a heat flow which 
also includes also the heat balance component. 
0074. In a heat flow system such as described above, the 
temperature of any two points (first measurement point and 
second measurement point) in the Substrate can be expressed 
by an equation which includes the environment temperature 
(Tout) as a variable (parameter). 
0075 When the deep temperature Tc and the environment 
temperature Tout are equal, the heat balance is Zero. There 
fore, when calculating the deep temperature Tc, for example, 
the measurement error due to heat balance can be reduced to 
Zero by imparting the condition that the deep temperature Tc 
and the environment temperature Tout are equal, and the first 
computation equation (Equation (I)) described above is 
obtained. 
0076 Diverse variations are possible for the first measure 
ment point p1 (position at which the first temperature sensor 
50 is provided) and the second measurement point p2 (posi 
tion at which the second temperature sensor 52 is provided). 
FIG. 1B will next be referenced. 
0077. The first measurement point p1 and the second mea 
Surement point p2 may be positioned on a Surface or side 
surface of the substrate 40, i.e., on the external surface of the 
substrate 40, and may also be positioned inside the substrate 
40. Any one of the first measurement point p1 and the second 
measurement point p2 may also be positioned on a Surface or 
side surface of the substrate 40, and the other may be posi 
tioned inside the substrate 40. The results of measuring the 
deep temperature with the first measurement point p1 and 
second measurement point p2 at various different positions 
will be described hereinafter using FIGS. 11 through 16. 
0078. In the present embodiment, the first measurement 
point p1 is a measurement point on the side of the measured 
body 6, and the second measurement point p2 is a measure 
ment point on the side of the environment (atmosphere) 7. 
0079. As shown in FIG. 1B, referring to the distance from 
the first surface (contact surface) SR1 in the direction of a 
normal line perpendicular to the first surface SR1 of the 
substrate 40, the distance of the first measurement point p1 is 
designated as LA, and the distance of the second measure 
ment point p2 is designated as LB. The height of the substrate 
40 (distance from the first surface SR1 to the second surface 
SR2) is designated as LC. 
0080. As for the distance LA and the distance LB, 0sLA, 
LBsLC, and LAsLB. In other words, the distances LA, LB of 
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the first measurement point p1 and the second measurement 
point p2 from the first surface SR1 of the substrate 40 are 0 or 
greater, and the height (height at the top) of the substrate 40 is 
within LC. When the distance LA of the first measurement 
point p1 from the first surface SR1 of the substrate 40, and the 
distance LB of the second measurement point p2 from the first 
surface of the substrate 40 are compared, LA may be less than 
LB, and LA may be equal to LB. 
I0081. When LA-LB, the first measurement point p1 is 
positioned closer to the measured body 6 than the second 
measurement point p2. When LALB, the first measurement 
point p1 and the second measurement point p2 are on a 
horizontal line, and the distances thereofare equal. However, 
the first measurement point p1 and the second measurement 
point p2 cannot be at the same position in space, and are 
always in different positions. The capability of accurately 
measuring the deep temperature Tc even when LALB will 
be described hereinafter using FIG. 14. 
I0082 FIG. 1C will next be referenced. In the example 
shown in FIG. 1C, point X1 and point X2 are positioned on a 
horizontal line. However, the minimum distance from point 
X1 to the side surface of the substrate 40 is L1, the minimum 
distance from point X2 to the side surface of the substrate 40 
is L2, and L1 <L2. Heat exchange with the environment (at 
mosphere) occurs more readily at point X1. Point X1 may 
therefore be designated as the second measurement point p2 
as the measurement point on the environment side, and point 
X2 may be designated as the first measurement point p1 as the 
measurement point on the measured body side, for example. 
I0083) Next, FIGS. 2 through 4 are used to describe an 
example of a measurement method for ensuring that “the first 
temperature Tb and the second temperature Tp are measured 
a plurality of times under conditions in which the value of the 
third temperature (environment temperature Tout) varies.” 
I0084 FIGS. 2A and 2B are views showing an example of 
the temperature measurement method, and an example of the 
configuration of the temperature measurement device for 
implementing the temperature measurement method. 
I0085. The temperature measurement device shown in 
FIG. 2A includes a temperature measurement part 43, an 
environment temperature acquiring part 53, a calculation part 
74, and a control part 73 for controlling the operation of the 
temperature measurement part 43 and the calculation part 74. 
In the example shown in FIG. 2A, the environment tempera 
ture acquiring part 53 has a wireless communication part CB. 
Information of the environment temperature (third tempera 
ture) can thus be acquired by wireless communication from 
an external air conditioner 57. The environment temperature 
acquiring part 53 can measure the environment temperature 
(third temperature) thereof through the use of an environment 
temperature sensor (third temperature sensor) 54. 
I0086. The air conditioner 57 has an atmosphere tempera 
ture sensor 55 and a wireless communication part CA. The 
control part 73 also has the calculation part 74 and a measure 
ment timing control part 75. The measurement timing control 
part 75 outputs a timing control signal ST1, and the measure 
ment timing of the first temperature Tb and second tempera 
ture Tp by the first temperature sensor 50 and the second 
temperature sensor 52, and the acquisition timing of the third 
temperature Tout by the environment temperature acquiring 
part 53 are controlled according to the timing control signal 
ST1. 

I0087 As shown in FIG. 2B, a first measurement period 
(first time period) through third measurement period (third 
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time period) are provided for measuring the first temperature 
and second temperature and acquiring the environment tem 
perature information. The control part 73 executes a plurality 
of temperature measurements or acquisitions of temperature 
information in each measurement period, executes calcula 
tion by the first computation equation (Equation (1)) on the 
basis of the obtained data, and calculates the deep tempera 
ture Tc. 
0088 Methods for “varying the value of the third tempera 
ture (environment temperature Tout)' include active methods 
using an air conditioner or the like, and passive methods 
which focus on Surges (minute fluctuations) in the environ 
ment temperature on a time axis to adjust the measurement 
timing. In the example shown in FIG. 2, the latter type of 
passive method is used. 
I0089. For example, when the first temperature Tb at the 
first measurement point p1 of the substrate 40, and the second 
temperature Tp at the second measurement point p2 of the 
Substrate 40 are measured three times, it is sometimes impos 
sible to satisfy the condition of “measuring three times in 
different environment temperatures (third temperature)' 
when the time interval between the each measurement is very 
short. Therefore, in this example, a first time period (i.e., first 
measurement period) for the first measurement, a second time 
period (i.e., second measurement period) for the second mea 
Surement, and a third time period (i.e., third measurement 
period) for the third measurement are provided. 
0090. Each time period (measurement period) may be one 
minute (making a total of three minutes for the three time 
periods), for example. The first time period (first measure 
ment period) is the period from time t1 to time tak, and tem 
perature measurement is executed every 20 seconds, for 
example. In other words, three temperature measurements are 
executed at time t1, time t2, and time t3, and nine units of data 
Such as are shown in the drawing are obtained. Temperature 
measurement values (Tb1, Tp1, Tout 1) of the first measure 
ment are determined by averaging (simple arithmetic mean or 
weighted average) the data. 
0091. The second time period (second measurement 
period) is the time period from time ta to time t7. Three 
temperature measurements are executed in the second time 
period as well, and the temperature measurement values 
(Tb2, Tp2, Tout2) of the second measurement are determined 
by averaging (simple arithmetic mean or weighted average) 
the measurement results. 
0092. The third time period (third measurement period) is 
the time period from time t7 to time t10. Three temperature 
measurements are executed in the third time period as well, 
and the temperature measurement values (Tb3, Tp3, Tout3) of 
the third measurement are determined by averaging (simple 
arithmetic mean or weighted average) the measurement 
results. The processing described above is the processing of a 
first step S1. The term “averaging is interpreted in the broad 
eSt Sense. 

0093. In the next step S2, the constants a, c, and d shown in 
FIG. 1A are computed based on the obtained data. The deep 
temperature Tc is then measured based on the first computa 
tion equation (Equation (1)) in step S3. 
0094. In the example shown in FIG. 2, a plurality oftem 
perature data for the first temperature and second temperature 
(and third temperature) measured in different environment 
temperatures can be obtained relatively easily without using 
an air conditioner or the like to actively vary the temperature 
of the environment. 
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(0095 FIG. 3A and FIG. 3B are views showing another 
example of the temperature measurement method, and 
another example of the configuration of the temperature mea 
Surement device for implementing the temperature measure 
ment method. In the temperature measurement device shown 
in FIG. 3A, a timing control information input part 83 for 
inputting timing control information is provided for deter 
mining the timing for executing a plurality of temperature 
measurements. The control part 73 causes the first tempera 
ture sensor 50, the second temperature sensor 52, and the third 
temperature sensor 54, for example, to execute temperature 
measurement each time the timing control information (mea 
Surement instruction trigger TG herein) is inputted from the 
timing control information input part 83. 
0096. In the example shown in FIG. 3, the user ensures by 
the user's own action that “the first temperature Tb and the 
second temperature Tp are measured a plurality of times 
under conditions in which the value of the third temperature 
(environment temperature Tout) varies.” 
0097. For example, the user sets the temperature of the 
external air conditioner 57 provided outside the temperature 
measurement device to a first temperature when the first 
measurement is performed, and when a predetermined time 
elapses from this setting, the measurement instruction trigger 
TG as the timing control information is inputted via the tim 
ing control information input part. As described above, the 
control part 73 causes the first temperature sensor 50, the 
second temperature sensor 52, and the third temperature sen 
sor 54 to execute temperature measurement each time the 
timing control information is inputted from the timing control 
information input part 83. The measurement timing is con 
trolled by the measurement timing control part 75. 
0.098 Temperature measurement can be performed once 
each time the timing control information (measurement 
instruction trigger TG) is inputted, or a plurality of tempera 
ture measurements may be executed each time the timing 
control information is inputted, and the measurement values 
may be calculated by Such a procedure as averaging the 
obtained measurement values. The user then inputs timing 
control information after setting the temperature of the air 
conditioner 57 to a second temperature, and inputs timing 
control information after setting the temperature of the air 
conditioner 57 to a third temperature. For example, the user 
inputs timing control information three times. 
(0099. When the third set of temperature information is 
acquired, the calculation part 74 automatically executes cal 
culation (calculation based on the computation equation) for 
calculating the deep temperature Tc, the calculation being 
based on the acquired temperature information, and as a 
result, the deep temperature Tc is calculated. The calculated 
deep temperature Tc is reported (by display, Sound notifica 
tion, or the like) to the user, for example. In the example 
shown in FIG. 3, since the user varies the environment tem 
perature at each measurement, the temperature measurement 
device is not burdened with managing the environment tem 
perature. 
0100. The measurement procedure is as described in steps 
S4 through S6 of FIG. 3B. The example described above is 
merely an example. 
0101 FIGS. 4A and 4B are views showing another 
example of the temperature measurement method, and 
another example of the configuration of the temperature mea 
Surement device for implementing the temperature measure 
ment method. In the example shown in FIG. 4, the tempera 
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ture measurement part has an environment temperature 
adjustment part CD capable of varying the temperature (third 
temperature) of the environment. The control part 73 varies 
the temperature (third temperature) of the environment 
through the use of the environment temperature adjustment 
part CD each time a single temperature measurement ends. 
0102 The environment temperature adjustment part CD 
has the function of varying the environment temperature 
(third temperature Tout). In the example shown in FIG. 4A, a 
regulator CC1 having the function of adjusting the set tem 
perature of the external air conditioner 57 by remote control, 
the air conditioner 57 being provided outside the temperature 
measurement device, for example, can be used as the envi 
ronment temperature adjustment part CD. The operation of 
the regulator CC1 is controlled by a control signal ST2 from 
the measurement timing control part 75. 
0103) In the example shown in FIG. 4B, an air flow gen 
erating part (e.g., having the function of varying the tempera 
ture of an air flow) CC2 provided inside the temperature 
measurement device, for example, is used as the environment 
temperature adjustment part CD. The airflow generating part 
CC2 may be composed of a fan (electric fan), a minute nozzle 
for ejecting an air flow, or the like. The operation of the air 
flow generating part CC2 is controlled by a control signal ST3 
from the measurement timing control part 75. 
0104 Through the use of the environment temperature 
adjustment part CD, the environment temperature Tout can be 
reliably varied for each measurement. The environment tem 
perature Tout can also be set to an exact temperature. A large 
difference can also be set between the environment tempera 
ture Tout 1 of the first measurement and the environment 
temperature Tout2 of the second measurement. The example 
described above is merely an example. 
0105. The first computation equation (calculation of the 
deep temperature Tc by using Equation (1) of FIG. 1A) will 
next be specifically described using FIGS. 5 through 7. 
0106 FIGS. 5A through 5C are views showing the rela 
tionship between the first temperature and the second tem 
perature under conditions in which the environment tempera 
ture is constant, and the results in a case in which the 
relationship is applied to the deep temperature computation 
equation. 

0107. In FIG. 5A, the substrate 40, the first temperature 
sensor 50, and the second temperature sensor 52 constitute 
the temperature measurement part 43. The substrate 40 has 
the first surface (contact surface) SR1 and the second surface 
(upper surface of the substrate 40) SR2. The temperature 
measurement part 43 is affixed, for example, to the measured 
body 6 (e.g., human body). The first temperature measured by 
the first temperature sensor 50 is labeled Tb. The second 
temperature measured by the second temperature sensor 52 is 
labeled Tp. 
0108 FIG. 5B is a view showing the relationship between 
the second temperature Tp and the first temperature Tb. In 
FIG. 5B, the horizontal axis is Tp, and the vertical axis is the 
temperature T of the second temperature Tp and the first 
temperature Tb. When the first temperature Tb varies linearly 
in a state in which the environment temperature (third tem 
perature Tout) is constant, the second temperature Tp also 
varies linearly. In other words, the first temperature Tb is 
linear with respect to the second temperature Tp. 
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0109. As shown in FIG. 5B, the first temperature Tb is 
expressed by a linear function in which the second tempera 
ture Tp is a variable. In other words, Equation (2) below is 
established. 

Tp = Tp (2) 
Tb = a Tp + b 

In the above equation, a is the first slope and b is the first 
intercept (or first offset value), and a and b are both constants. 
When Tp is T, Tb-aT+b, and when Tp is T, Tb-aT+ 
b. 
0110 FIG. 5C is a view showing the results in a case in 
which temperature data T1 through T4 obtained by two tem 
perature measurements are applied to the deep temperature 
computation equation described above. A first temperature 
T1 and a second temperature T2 are obtained by temperature 
measurement at time t1. A first temperature T3 and a second 
temperature T4 are obtained by temperature measurement at 
time t2, and T1 through T4 are expressed by Equation (3) 
below. 

T = a TPA + b (3) 
T = TPA 
T = a TPB + b 

The values in Equation (3) are substituted into Equation (4). 
Equation (4) is a computation equation for calculating the 
deep temperature Tcore, but an error ATc due to a heat bal 
ance is included therein, as described above. 

T. At - S - 2 - ) (4) C+A1 c = TIT-Ts 14, 

Equation (5) is obtained as a result. 

(aTPA +b) - (5) 
(aTPB + b) - (aTPA + b)(aTPB +b) - TPB 

PA 
T + AT = (aTPA +b) - TPA-(aTPB +b) - TPB 

TPA TPB 
1 - a TPA - TPB 

T 1 - a 

The relationship between the first temperature Tb and the 
second temperature Tp in a case in which the environment 
temperature Tout is varied will next be described with refer 
ence to FIG. 6. FIGS. 6A through 6D are views showing the 
relationship between the first temperature and the second 
temperature in a case in which the environment temperature is 
varied, and are views showing the results in a case in which 
this relationship is applied to the deep temperature computa 
tion equation. 
0111. As shown in FIG. 6A, the fluctuating environment 
temperature (third temperature) Tout is determined by the 
third temperature sensor 54 included in the environment tem 
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perature acquiring part 53. As previously described, when the 
second temperature Tp is T, Tb-aT+b. The constant b is 
the first intercept (first offset value), and this first intercept b 
is linear with respect to the environment temperature (third 
temperature) Tout. 
0112. In other words, as shown in FIG. 6B, when Tout 
fluctuates, the value of the first intercept b varies linearly in 
accordance with the environment temperature (third tempera 
ture) Tout. The relationship of Equation (6) below is conse 
quently established. 

b=cTout--d (6) 

In the above equation, c and dare both constants, c being the 
second slope, and d being the second intercept. When the 
environment temperature (third temperature) Tout is Tout1. 
the first intercept b is b1 (=cTout 1+d), and when the environ 
ment temperature (third temperature) Tout is Tout2, the first 
intercept b is b2 (-cTout2+d). 
0113 FIG. 6C shows the relationship between the second 
temperature Tp and the first temperature Tb (=Tb1) at Tout1. 
and shows the relationship between the second temperature 
Tp and the first temperature Tb (=Tb2) at Tout2. When Tout 
changes from Tout1 to Tout2, there is no variation in the slope 
(first slope a) of the linear function, but because the value of 
the first intercept b changes from b1 to b2, the linear function 
indicating the relationship between Tp and Tb is shifted in 
parallel fashion by an amount commensurate with the differ 
ence ofb1 and b2. 
0114. The first temperature Tb thus has a linear relation 
ship not only with respect to the second temperature Tp, but 
also with respect to the environment temperature (third tem 
perature) Tout. When Equation (6) above is substituted into 
the equation Tb-aTp+b shown in Equation (3) above, Equa 
tion (7) below is obtained. 

Th=aTp+cTout--d (7) 

Equation (7) is a function including the second temperature 
Tp and the third temperature Tout as variables, and including 
a plurality of constants a, b, and c. The first temperature Tb, 
second temperature Tp, and third temperature Toutare related 
by this function. 
0115. When Equation (6) described above is substituted 
into Equation (5), Equation (8) is obtained. 

d 8 Totit- (8) Tc + ATc = 
C C 1 - a 1 - a 

Since a movement of heat is caused by the temperature dif 
ference herein, an error ATc due to a heat balance does not 
occur in a case in which the values of the environment tem 
perature (third temperature) Tout and the deep temperature Tc 
are equal. Thus, Tout-ATc in Equation (8), and ATc=0. Equa 
tion (8) is therefore transformed into Equation (1). 

To = C Tc d (1) 
1 - a 1 - a 

d 
To = 

This Equation (1) shows the deep temperature Tc not includ 
ing an error due to heat balance. However, the values of the 
plurality of constants a, c, and d must be determined in order 
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to solve Equation (1). The plurality of constants a, c, and d is 
related to each other by the function expressed by Equation 
(7) above. A ternary system of equations is solved in order to 
calculate the values of the three constants. At least three 
temperature measurements are therefore executed at different 
times. 
0116. In this arrangement, Tb1, Tp 1, and Tout 1 are 
obtained as the first temperature, the second temperature, and 
the third temperature, respectively, during the first measure 
ment; Tb2, Tp2, and Tout2 are obtained as the first tempera 
ture, the second temperature, and the third temperature, 
respectively, during the second measurement; and Tb3, Tp3. 
and Tout3 are obtained as the first temperature, the second 
temperature, and the third temperature, respectively, during 
the third measurement. 

0117 These nine units of measurement data can be 
expressed by the determinant of Equation (9). 

T1 Tp 1 Tout 1 1 ( a (9) 

Tp2 Tout 2 1 | C 
Tb3 Tp3 Tout3 1 J d 

The plurality of constants a, c, and d can thus be calculated by 
Equation (10) which includes the inverse matrix. 

C Tp1 Tout 1 1 ( Tb1 (10) 
t Tout 2 

d Tp3 Tout3 1 Tb3 

When the values of the plurality of constants are determined, 
the values are substituted into Equation (1). The deep tem 
perature Tc is thereby obtained. 
0118 FIGS. 7A through 7D are views showing the method 
for measuring the deep temperature in the first embodiment. 
As shown in FIG. 7A, the three temperatures, i.e., the first 
temperature Tb, the second temperature Tp, and the third 
temperature Tout, are measured at least three times. The nine 
units of measurement data thus obtained (Tb1, Tp 1, Tout1. 
Tb2, Tp2, Tout2, Tb3, Tp3, Tout3) can be related by the 
determinant (9) shown in FIG. 7B. The plurality of constants 
a, c, and d can therefore be calculated by the determinant (10) 
shown in FIG. 7C. The deep temperature Tc can then be 
computed by Equation (I) shown in FIG. 7D. 
0119 The overall configuration of the temperature mea 
surement device will next be described. FIGS. 8A through 8C 
are views showing an example of the overall configuration of 
the temperature measurement device. 
I0120 In the example shown in FIG. 8A, the first tempera 
ture sensor 50 and the second temperature sensor 52 are 
embedded inside the substrate 40. The third temperature sen 
sor 54 as the environment temperature acquiring part 53 is 
provided on aheat insulator 20a. The first temperature sensor 
50, the second temperature sensor 52, the substrate 40, and 
the third temperature sensor 54 as the environment tempera 
ture acquiring part 53 constitute a first unit 100. 
I0121. A second unit 200 is also provided on a heat insu 
lator 20b. The second unit 200 includes the control part 73 and 
the calculation part 74. The calculation part 74 may also 
include a constant computing part or a deep temperature 
computing part as a functional block. Although not shown in 
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the drawing, a reporting part (e.g., display part) for reporting 
calculated results may also be provided to the second unit 
2OO. 
0122) The temperature measurement device shown in 
FIG. 8A also has an affixing structure 10 for affixing the first 
surface (contact surface) SR1 in the substrate 40 to a surface 
of the measured body 6. The affixing structure 10 may be 
composed of an adhesive tape, for example. The adhesive 
tape may have a release paper 8 and a Support layer (adhesive 
layer) 9. 
(0123. The first unit 100 can be affixed to a surface of the 
measured body 6 by the affixing structure 10. Consequently, 
the operating properties and portability of the temperature 
measurement device are enhanced. In a case in which the 
temperature measurement device is used to measure the body 
temperature of a child or infant, for example, because of the 
frequent body movements of a child or infant, contact 
between the temperature measurement device and the body 
surface is difficult to satisfactorily maintain for a predeter 
mined time. However, even in Such a case, since the entire 
temperature measurement device can be affixed to the Surface 
of the measured body 6 by using the affixing structure 10, 
contact between the body Surface and the temperature mea 
Surement device can be satisfactorily maintained even as the 
body of the child or infant moves. Precise and stable tempera 
ture measurement is thereby possible. 
0.124. In the example shown in FIG. 8B, the environment 
temperature acquiring part 53 receives information of the 
environment temperature from the atmosphere temperature 
sensor 55. A temperature sensor provided to an air condi 
tioner for controlling the temperature of the environment, for 
example, may be used as the atmosphere temperature sensor 
55 (see FIGS. 2 through 4). 
0.125. In the example shown in FIG. 8C, a separate struc 
ture is employed in which the first unit 100 and the second 
unit 200 are separated. The first unit 100 includes the wireless 
communication part CA, and the second unit 200 includes the 
wireless communication part CB. 
0126 The information of the first temperature (Tb) and the 
information of the second temperature (Tp), or the informa 
tion of the first temperature (Tb), the information of the 
second temperature (Tp), and the information of the third 
temperature (Tout), is transmitted from the wireless commu 
nication part CA to the wireless communication part CB. The 
calculation part 74 provided to the second unit executes cal 
culation on the basis of the information of the first tempera 
ture (Tb) and the information of the second temperature (Tp), 
or the information of the first temperature (Tb), information 
of the second temperature (Tp), and information of the third 
temperature (Tout), received by the wireless communication 
part CB, and calculates the deep temperature Tc of the mea 
sured body 6. 
0127. Through the configuration shown in FIG. 8C, the 
number of constituent components of the first unit 100 (e.g., 
main body of the temperature measurement device) can be 
minimized, and the weight of the first unit 100 can be reduced. 
Consequently, a large burden is not placed on the Subject even 
when the first unit 100 is in contact for a long time with the 
body surface of a subject as the measured body 6, for 
example. A temperature can thereby be continuously moni 
tored for a long time, for example. 
0128. Since temperature data can be transmitted and 
received by wireless communication between the first unit 
100 and the second unit 200, the second unit 200 can be 
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placed somewhat distant from the first unit 100. Since wire 
less communication is utilized, there is no need for commu 
nication wires. The ease of handling of the first unit is thereby 
enhanced. Since the first unit 100 can also be completely 
separate from the second unit 200, the first unit 100 can be 
further reduced in weight. 
I0129 FIGS. 9A and 9B are views showing a practical 
example of the temperature measurement device in which 
wireless communication is utilized. In FIG.9A, the first unit 
100 is attached (affixed) to a body surface 6A of the chest of 
a child as the measured body 6. The second unit 200 is 
attached to the left wrist of a caregiver (user of the tempera 
ture measurement device) MA who is holding the child as the 
measured body 6. The second unit 200 in this configuration 
also functions as a display part. 
0.130. As shown in FIG.9B, the first unit 100 has the first 
temperature sensor 50, the second temperature sensor 52, the 
third temperature sensor 54 as the environment temperature 
acquiring part 53, an A/D converter 56, the wireless commu 
nication part CA, and an antenna AN1. The second unit 200 
has the wireless communication part CB, the control part 73, 
the calculation part 74, a display part 77, an operating part 79. 
and a storage part 81. The operating part 79 can serve also as 
the timing control information input part 83 shown in FIG. 3. 
0131. A computation equation for computing the plurality 
of constants a, c, and d described above, or a computation 
equation for computing the deep temperature Tc is stored in 
the calculation part 74. In the storage part 81, the received first 
temperature Tb, second temperature Tp, and environment 
temperature Tout are stored, the computed values of the plu 
rality of constants a, c, and d are stored, and the calculated 
deep temperature Tc is also stored. 
0.132. The storage part 81 is configured so as to be capable 
of storing temperature information relating to a plurality of 
measured bodies (subjects in this case). Consequently, the 
deep temperature Tc and other data can be stored for each 
child as a Subject. Information other than temperature infor 
mation, e.g., the name and age of the measured body 6 (child 
as a Subject), the measurement time, and other measurement 
information, may also be stored in the storage part 81. In this 
case, the caregiver (user of the temperature measurement 
device) MA may input this other measurement information 
by operating the operating part 79. 
I0133. The temperature measurement device operates as 
described below, for example. The caregiver MA turns on the 
power supply of the second unit 200 by operating the operat 
ing part 79 of the second unit 200. Radio waves are then 
transmitted from the wireless communication part CB. An 
electromotive force is generated in the antenna AN1 by elec 
tromagnetic induction by the radio waves, and a power Supply 
(battery) in the first unit 100 is charged by the electromotive 
force. The first unit 100 then activates, and the first tempera 
ture sensor 50, the second temperature sensor 52, and the 
environment temperature sensor (third temperature sensor) 
54 activate. The first unit 100 then transmits a standby signal 
to the second unit 200. 
I0134. When the standby signal is received, the control part 
73 in the first unit 100 instructs the wireless communication 
part CB to transmit a temperature measurement initiation 
signal. When the temperature measurement initiation signal 
is received, the first unit 100 initiates temperature measure 
ment by the first temperature sensor 50, the second tempera 
ture sensor 52, and the environment temperature sensor (third 
temperature sensor) 54. The first temperature Tb and the 
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second temperature Tp are preferably measured in a state in 
which heat transfer from the deep part of the measured body 
6 to the body surface 6A is in a steady state (equilibrium 
state). Temperature measurement is therefore preferably 
started at the timing at which the time necessary for an equi 
librium state to be attained has elapsed from the reception 
timing of the temperature measurement initiation signal. 
0135 The measured temperature information (first tem 
perature Tb, second temperature Tp, third temperature Tout) 
is converted from an analog signal to a digital signal by the 
A/D converter 56 and transmitted to the second unit 200 by 
the wireless communication part CA. temperature measure 
ment is executed a plurality of times, and measurement data 
are transmitted for each measurement. The interval at which 
each measurement is executed may be adjusted as appropriate 
for conditions or trends in the environment (atmosphere or the 
like). 
0136. The calculation part 74 in the second unit 200 tem 
porarily stores, in the storage part 81, sets of data including 
the first temperature Tb, second temperature Tp, and third 
temperature Tout, sent at predetermined intervals. When all of 
the necessary data have been obtained, a predetermined cal 
culation is executed by the procedure described above to 
measure the deep temperature Tc of the subject (child) 6. The 
measured deep temperature Tc is displayed in the display part 
77, for example. 
0.137 FIG. 10 is a view showing the procedure for mea 
Suring the deep temperature in the first embodiment. Tem 
perature data are first acquired (step S10). The temperature 
data include the first temperature Tb1, second temperature 
Tp1, and third temperature Tout 1 obtained by the first mea 
surement, the first temperature Tb2, second temperature Tp2. 
and third temperature Tout2 obtained by the second measure 
ment, and the first temperature Tb3, second temperature Tp3. 
and third temperature Tout3 obtained by the third measure 
ment. 

0.138. The plurality of constants a, c, and dare then com 
puted (step S20). The first computation equation previously 
described is then used to calculate the deep temperature (step 
S30). 

Example of the Deep Temperature Measurement Results 
0.139. A data example of the first temperature Tb and sec 
ond temperature Tp obtained when the environment tempera 
ture Tout is varied in three stages, and an example (computa 
tion result example) of the deep temperature computed based 
on this example will next be described using FIGS. 11 
through 16. 

Example of FIG. 11 
0140 FIG. 11 is a view showing an example of the deep 
temperature computation results. In FIG. 11, a human body is 
assumed as the measured body 6, and the temperature Tc of 
the deep part 4 is set to 37°C. In this experiment, polyvinyl 
chloride (PVC) is used as the material of the structural body 
that corresponds to the surface layer part 5. The thermal 
conductivity of polyvinyl chloride is 0.144283. 
0141. The thickness of the PVC structural body (rectan 
gular solid) which corresponds to the surface layer part 5 is set 
to 20 mm. A substrate 40 composed of silicone rubber having 
a round columnar shape is also provided at the center on an 
upper surface of the PVC structural body. The thermal con 
ductivity of silicone rubber is 0.05. 
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0142. The cross-section of the substrate 40 is circular, and 
the diameter of the circle is 20 mm. The height of the substrate 
40 is 2 mm. The first temperature sensor 50 and the second 
temperature sensor 52 are positioned at two points (first mea 
Surement point and second measurement point) on a normal 
line L1 perpendicular to the bottom Surface (i.e., the contact 
surface) SR 1 of the substrate 40. The distance between the 
first temperature sensor 50 and the second temperature sensor 
52 is 2 mm. In other words, the first measurement point is set 
on the bottom surface (contact surface) SR 1 of the substrate 
40, and the second measurement point is set on the upper 
surface SR2 of the substrate 40. 

0143. In the example shown in FIG. 11, the heat transfer 
coefficient (a constant proportional to the mobility of heat in 
the atmosphere) of the environment (atmosphere) 7 is set to 
0.01 W/m’.K. The environment temperature (third tempera 
ture) Tout, the first temperature Tb, and the second tempera 
ture Tp are measured in times. In the present example, tem 
perature measurement is executed three times, and n is 
therefore 1, 2, or 3. 
0144 Tout 1 is 23°C., Tout2 is 30° C., and Tout3 is 35° C. 
Tb1 is 29.2884° C., Tb2 is 33.1442°C., and Tb3 is 35.8983° 
C. Tp1 is 27.4605° C., Tp2 is 32.2303° C., and Tb3 is 
35.6327 C. 

0145 The measured (computed) deep temperature is 
36.99986°C., which includes only a slight error in compari 
son with the actual deep temperature Tc (37° C.). In other 
words, it is apparent that the deep temperature can be mea 
sured with extremely high precision by using a substrate 40 
which is reduced in size. 

Example of FIG. 12 

0146 FIG. 12 is a view showing another example of the 
deep temperature computation results. The measurement 
environment and measurement conditions in the example of 
FIG. 12 are basically the same as in the example of FIG. 11. 
However, in the example of FIG. 12, the first temperature 
sensor 50 and the second temperature sensor 52 are provided 
on a side surface of the substrate 40 on a normal line L2. The 
distance between the first temperature sensor 50 and the sec 
ond temperature sensor 52 is 2 mm. 
0147 Tout 1 is 23° C., Tout2 is 30° C., and Tout3 is 35° C. 
Tb1 is 28.7516° C., Tb2 is 32.8758° C., and Tb3 is 35.8217° 
C.Tp1 is 26.2482°C., Tp2 is 31.6241° C., and Tb3 is 35.464° 
C 

0.148. The measured (computed) deep temperature is 
37.00000° C., and no error is identified in relation to the 
actual deep temperature Tc (37° C.). In other words, it is 
apparent that the deep temperature can be measured with 
extremely high precision by using a Substrate 40 which is 
reduced in size. 

Example of FIG. 13 

014.9 FIG. 13 is a view showing another example of the 
deep temperature computation results. The measurement 
environment and measurement conditions in the example of 
FIG. 13 are basically the same as in the above example. 
However, in the example of FIG. 13, the first temperature 
sensor 50 is provided in the vicinity of the center of the 
contact surface SR1 of the substrate 40, and the second tem 
perature sensor 52 is provided on a side surface of the sub 
strate 40. 
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O150 Tout 1 is 23° C., Tout2 is 30° C., and Tout3 is 35° C. 
Tb1 is 29.2884° C., Tb2 is 33.1442°C., and Tb3 is 35.8983° 
C.Tp1 is 26.2482°C., Tp2 is 31.6241° C., and Tb3 is 35.464° 
C. 
0151. The measured (computed) deep temperature is 
37.00000° C., and no error is identified in relation to the 
actual deep temperature Tc (37° C.). In other words, it is 
apparent that the deep temperature can be measured with 
extremely high precision by using a Substrate 40 which is 
reduced in size. 

Example of FIG. 14 
0152 FIG. 14 is a view showing another example of the 
deep temperature computation results. The measurement 
environment and measurement conditions in the example of 
FIG. 14 are basically the same as in the above example. 
However, in the example of FIG. 14, the first temperature 
sensor 50 is provided on the upper surface SR2 of the sub 
strate 40. The second temperature sensor 52 is provided on a 
side surface of the substrate 40. The second temperature 
sensor 52 is provided on a straight line L3 which passes 
through the first temperature sensor 50 and is parallel to the 
contact surface SR2. In other words, the first temperature 
sensor 50 and the second temperature sensor 52 are posi 
tioned on a horizontal line. 
0153 Tout 1 is 23° C., Tout2 is 30° C., and Tout3 is 35° C. 
Tb1 is 28.7516° C., Tb2 is 32.8758° C., and Tb3 is 35.8217° 
C.Tp1 is 26.2482°C., Tp2 is 31.6241° C., and Tb3 is 35.464° 
C. 
0154 The measured (computed) deep temperature is 
37.00000° C., and no error is identified in relation to the 
actual deep temperature Tc (37° C.). In other words, it is 
apparent that the deep temperature can be measured with 
extremely high precision by using a Substrate 40 which is 
reduced in size. 
0155. It is apparent from the experimental results 
described above that the positional relationship of the first 
temperature sensor 50 and the second temperature sensor 52 
creates no particular problems. In other words, the first tem 
perature sensor 50 and the second temperature sensor 52 may 
be on a vertical line passing through the heat source (deep part 
of the measured body), or the first temperature sensor 50 and 
the second temperature sensor 52 may be positioned on a 
horizontal line. 
0156 Specifically, the first measurement point at which 
the first temperature sensor 50 is provided, and the second 
measurement point at which the second temperature sensor 
52 is provided may be on an external surface (in the above 
examples, the contact surface SR1 on the bottom surface, the 
upper surface SR2, or the side surface) of the substrate 40, or 
at two points positioned inside the substrate 40. However, in 
order to compute the deep temperature by using a determi 
nant, it is at least necessary to satisfy the condition that the set 
of Tb and Tp corresponding to any of the environment tem 
peratures (third temperatures) Toutl, Tout2, and Tout3 not be 
the same value (TbzTp). Specifically, there must be a tem 
perature difference between at least one set of Tb and Tp 
among the three sets of first temperatures Tb and second 
temperatures Tp. The first unit 100 is therefore designed so 
that this condition is satisfied. 
0157. The relationship between the temperature distribu 
tion inside the substrate 40 and the measurement results will 
next be described. FIGS. 15A and 15B are views showing an 
example of the relationship between the temperature distri 
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bution inside the substrate and the measurement results. The 
data example shown in FIG. 15A is the same as the data 
example shown in FIG. 11. FIG. 15B is a view showing the 
temperature distribution in the vertical direction of the sub 
strate 40 at Tout1 (–23°C.). In FIG. 15B, the horizontal axis 
is the distance in the direction of the normal line L1 on the 
basis of the contact surface SR1, and the vertical axis is the 
temperature of the substrate 40. As shown in FIG. 15B, the 
temperature of the substrate 40 decreases linearly as the dis 
tance from the heat source (deep part 4 of the measured body 
6) increases. 
0158. The data example of FIG. 15A is the results of 
computing the deep temperature with a heat distribution of 
the substrate 40 such as the one shown in FIG. 15B, and as 
previously described, measurement results are obtained hav 
ing extremely high precision. 
0159 FIGS. 16A and 16B are views showing another 
example of the relationship between the temperature distri 
bution inside the substrate and the measurement results. The 
measurement environment and measurement conditions in 
the example of FIG. 16A are basically the same as in the 
example of FIG. 15A. However, in the example of FIG.16A, 
the height of the substrate 40 is 20 mm, which is ten times the 
height (2 mm) of the substrate 40 in the example of FIG.15A. 
Since the surface area of the side surface of the column 
increases when the height of the substrate 40 increases, radia 
tion of heat from the side surface of the columnar substrate 40 
increases. The amount of radiation from the side Surface 
varies according to the distance from the heat source (deep 
part 4 of the measured body 6). 
0160 FIG. 16B is a view showing the temperature distri 
bution in the vertical direction of the substrate 40 at Tout 1 
(=23°C.). In FIG. 16B, the horizontal axis is the distance in 
the direction of the normal line L1 on the basis of the contact 
surface SR1, and the vertical axis is the temperature of the 
substrate 40. As shown in FIG. 16B, the temperature of the 
substrate 40 decreases as the distance from the heat source 
(deep part 4 of the measured body 6) increases, but the char 
acteristic line indicating the temperature distribution is 
curved rather than linear. The reason for this is that the surface 
area of the side Surface of the column increases, and radiation 
of heat from the side surface of the columnar substrate 40 
increases when the height of the substrate 40 increases, and 
the amount of radiation from the side Surface varies according 
to the distance from the heat source (deep part 4 of the mea 
sured body 6). 
0.161 The data example of FIG. 16A is the results of 
computing the deep temperature with a heat distribution of 
the substrate 40 such as the one shown in FIG. 16B. Tout 1 is 
23° C., Tout2 is 30° C., and Tout3 is 35° C. Tb1 is 29.62274° 
C., Tb2 is 33.31137° C., and Tb3 is 35.94611° C. Tp1 is 
23.29526° C., Tp2 is 30.14763° C., and Tb3 is 35.042.18° C. 
The measured (computed) deep temperature is 37.00000°C., 
and no error is identified in relation to the actual deep tem 
perature Tc (37° C.). In other words, it is apparent that the 
deep temperature can be measured with extremely high pre 
cision by using the temperature measurement method of the 
present embodiment, even in a case in which the temperature 
distribution inside the substrate 40 is expressed by a curve. 
Consequently, the height of the substrate 40 is not restricted, 
and there is also no limitation placed on the ratio of the surface 
area of the contact surface and the height of the substrate 40. 
The first unit 100 can therefore be configured with a consid 
erable degree of freedom. 
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Second Embodiment 

0162. In the present embodiment, a second computation 
equation which differs from that of the previously described 
embodiment is used as the deep temperature computation 
equation. In the present embodiment, temperature measure 
ment (acquisition of temperature information) is executed at 
least twice. 

0163 FIG. 17 is a view showing the method for measuring 
the deep temperature in a second embodiment. As shown in 
FIG. 17, in the present embodiment, a first measurement and 
a second measurement are executed, and the environment 
temperature (third temperature) Tout1 in the first measure 
ment and the environment temperature (third temperature) 
Tout2 in the second measurement are varied from each other. 

0164. The first temperature, second temperature, and third 
temperature obtained by the first measurementare designated 
as Tb1, Tp 1, and Tout 1, respectively, and the first tempera 
ture, second temperature, and third temperature obtained by 
the second measurement are designated as Tb2, Tp2, and 
Tout2, respectively. 
0.165. The calculation part 74 executes calculation by a 
second computation equation by using the first temperature 
Tb1 and second temperature Tp obtained by the first mea 
Surement, and the first temperature Tb2 and second tempera 
ture Tp2 obtained by the second measurement, and computes 
the deep temperature Tc. The second computation equation is 
expressed by Equation (11) below. 

Tb2(Tb - Tp1) - Tbi Tb2-Tp2) (11) 
(T11-T1). (T2 - TO) 

When the second computation equation according to Equa 
tion (11) is used, the value of the environment temperature 
(third temperature) Tout2 in the second measurement must be 
different from the value of the environment temperature (third 
temperature) Tout 1 in the first measurement. 
(0166 FIGS. 18 and 19 will be used to describe a reason 
that the deep temperature can be measured without the occur 
rence of an error component caused by a heat balance when 
the second computation equation shown in Equation (11) is 
used. 

0167 FIGS. 18A and 18B are views showing a reason that 
an error component caused by a heat balance occurs in the 
technique described in Patent Citation 1. FIG. 18A shows the 
temperatures (T1, T2, Tt1, T2, T4, Tt2) of six points and the 
state of thermal resistance in the temperature measurement 
parts of the technique. FIG. 18B shows the state of thermal 
resistance and the heat flux between the environment tem 
perature (third temperature) Tout and the deep temperature Tc 
in the temperature measurement parts shown in FIG. 18A. 
0.168. In the technique, two temperature measurement 
parts disposed parallel to each other are used, and two heat 
flow systems are formed. The environment temperature (third 
temperature) Tout is constant, and the temperature measure 
ment parts are thermally shielded from the environment (at 
mosphere) by the first heat insulator 38A and the second heat 
insulator 38B provided to the upper surface of the substrate 
40. The heat transfer coefficient (a constant proportional to 
the mobility of heatina gas) of the environment (atmosphere) 
is n. The thermal resistance of the surface layer part of the 
measured body is Rb, the thermal resistance of the substrate 
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40 is R1, the thermal resistance of the first heat insulator 38A 
is R2, and the thermal resistance of the second heat insulator 
38B is R3. 
0169. In the technique, two different heat fluxes are 
formed by making the heat insulator 38A and the heat insu 
lator 38B different from each other under the assumption that 
the environment temperature (third temperature) Tout is con 
stant. In other words, in the technique, it is assumed that the 
relationship Qb1 =Q11-Q12 is established for the heat flux 
Qb1, the heat flux Q11, and the heat flux Q12, and that the 
relationship Qb2=Q21=Q22 is established for the heat flux 
Qb2, the heat flux Q21, and the heat flux Q22. 
0170 However, as the temperature measurement parts are 
further reduced in size, the temperatures (T1, T2, Tt1) of three 
points of the first system and the temperatures (T2, T4, Tt2) of 
three points in the second system are affected by the environ 
ment temperature (third temperature) Tout. The assumption 
that Qb1=Q11-Q12 and that Qb2=Q21=Q22 therefore no 
longer holds. In this case, the left side of Equation (F) as the 
computation equation of the technique is Tc--ATc, and a 
measurementerror ATc corresponding to the difference of the 
heat balance occurs. 

(0171 In other words, in the thermometer described in 
Patent Citation 1, the temperature measurement parts are 
configured so as to be shielded from the environment (atmo 
sphere) by heat insulators provided to the Surface layer parts, 
and are therefore designed under the design concept that the 
heat fluxes terminate at the tops of the temperature measure 
ment parts, and that the heat balance with the environment 
(atmosphere) is substantially negligible. However, when the 
thermometer is further reduced in size, a heat balance is 
manifested between the side surfaces of the temperature mea 
Surement parts and the environment (atmosphere), for 
example, and a measurement error that corresponds to the 
difference of the heat balance can no longer be ignored. 
(0172 FIGS. 19A and 19B are views showing areason that 
an error component caused by a heat balance does not occur 
in the second embodiment of the invention. FIG. 19A shows 
the temperatures and the state of thermal resistance in the 
temperature measurement part according to the second 
embodiment. FIG. 19B shows the state of thermal resistance 
and heat flux between the environment temperatures (third 
temperatures) Tout 1, Tout2 and the deep temperature Tc in 
the temperature measurement part shown in FIG. 19A. 
0173. In the present embodiment, temperature measure 
ment (acquisition of temperature information) is executed at 
least twice, and the value of the third temperature (environ 
ment temperature) Tout is varied in each temperature mea 
surement (ToutlzTout2). When two temperature measure 
ments are executed with different environment temperatures 
(third temperature), a first heat flux system is formed in which 
the starting end is the deep part 4 of the measured body, and 
the terminal end is the environment (atmosphere or the like) in 
the first measurement. In the second measurement, a second 
heat flux system is formed in which the starting end is the 
deep part of the measured body, and the terminal end is the 
environment (atmosphere or the like). Since the third tem 
perature (environment temperature) Tout is different in each 
system, the heat fluxes of each system are mutually different. 
0.174. The heat transfer coefficient (a constant propor 
tional to the mobility of heat in a gas) of the environment 
(atmosphere) 7 is n. The first temperatures are Tb1 (or T1), 
Tb2 (or T3). The second temperatures are Tp 1 (or T2). Tp2 (or 
T4). The thermal resistance of the surface layer part 5 of the 
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measured body 6 is Rb, and the thermal resistance of the 
substrate 40 is R1. As shown in FIG. 19B, a heat flux Qb1, a 
heat flux Q11, and a heat flux Qal occur in the first system. A 
heatflux Qb2, aheatflux Q21, and aheatflux Qa2 occur in the 
second system. 
(0175 Since the terminal end of the heat flux in these two 
heat flux systems is the environment 7, in which temperature 
fluctuation is allowed, the concept of the heat balance differ 
ence, which was a problem in the technique, does not occur. 
In other words, the environment temperature Tout (Tout1. 
Tout2) is unambiguously determined (appropriately fluctu 
ates) so as to encompass the heat balance. 
0176 The thermal conductivity (i.e., thermal resistance) 
of the substrate 40 used is the same in the first heatflux system 
and the second heat flux system. In other words, there is no 
change in the distribution of thermal resistance between the 
first system and the second system. Therefore, when the first 
measurement point and second measurement are set, the 
value of (Difference in temperature between the first mea 
Surement point and the second measurement point)/(Differ 
ence between the deep temperature Tc of the measured body 
and the temperature of the first measurement point) is the 
same for the first heat flux system and the second heat flux 
system. The equation below is thus established. 

(Tbil - Tp1) (Tb2-Tp2) (12) 
(To - Tb1) (To - Tb2) 

When Equation (12) is solved for Tc, the second computation 
equation described above (Equation (11) described above) is 
obtained. Since the concept of the error component ATc in the 
technique does not occur, a Substantially ideal deep tempera 
ture Tc is obtained by the second computation equation. 
0177. The second computation equation (Equation (II)) 
appears the same as the computation equation (Equation (F)) 
in the technique in terms of format, but the second computa 
tion equation (Equation (11)) is fundamentally different from 
the computation equation (Equation (F)) of the technique. In 
other words, the second computation equation (Equation 
(11)) is derived from the perspective that the ratio of the 
thermal resistance in the Substrate is the same, on the basis of 
the data obtained from two heat flux systems in which the 
environment is the terminal end, and the second computation 
equation is fundamentally different. 
0178. In the present embodiment, the third temperature 
(environment temperature) Tout is not directly related to the 
deep temperature Tc computation. However, as described 
above, Tout 1 in the first measurement and Tout2 in the second 
measurement must be different, and when Tout1 =Tout2, the 
deep temperature cannot be correctly computed. 
(0179 The third temperature Tout3 measured by the third 
temperature sensor 54 (or the third temperature Tout3 
acquired by the environment temperature acquiring part 53) 
may thus be used to confirm whether a condition for enabling 
computation (the condition that the third temperature is dif 
ferent in the first measurement and the second measurement) 
is satisfied, i.e., to determine whether to perform calculation. 
0180 FIGS. 20A and 20B are views showing the proce 
dure for measuring the deep temperature in the second 
embodiment, and an example of the deep temperature com 
putation results in the second embodiment. Temperature data 
are first acquired (step S40). The temperature data include the 
first temperature Tb1, second temperature Tp1, and third 

Nov. 20, 2014 

temperature Tout 1 obtained by the first measurement, and the 
first temperature Tb2, second temperature Tp2, and third 
temperature Tout2 (zTout1) obtained by the second measure 
ment. The deep temperature is then calculated by using the 
second computation equation (step S50). 
0181 FIG. 20B is a view showing an example of the deep 
temperature computation results in the second embodiment. 
The measurement environment shown in FIG. 11 is used 
herein. When the environment temperature (third tempera 
ture) Tout 1 in the first measurement is 23°C., the first tem 
perature Tb1 is 28.371°C., and the second temperature Tp1 is 
26.2482° C. When the environment temperature (third tem 
perature) Tout2 in the second measurement is 30°C., the first 
temperature Tb2 is 32.6855°C., and the second temperature 
Tp2 is 31.6241° C. The deep temperature Tc as the heat 
source is set to 37° C. The computed result for the deep 
temperature is 37.00000, and there is no error. It is therefore 
apparent that through the present embodiment, the deep tem 
perature can be measured with extremely high precision. 

Third Embodiment 

0182 An example of the method for providing a tempera 
ture sensor to the substrate 40 will next be described. FIGS. 
21A through 21E are views showing an example of the 
method for providing a temperature sensor to the Substrate. 
The first temperature sensor 50 (composed ofathermocouple 
element, for example) will be described as an example. The 
method described below can be applied in the same manner to 
the second temperature sensor 52 and the third temperature 
Sensor 55. 
0183 FIG. 21A shows a plan view and a sectional view of 
the substrate 40 (including the first temperature sensor 50). As 
shown in the plan view, the Substrate 40 has a square shape in 
plan view, and the longitudinal Y1 and transverse X1 sides 
thereof are both 50 mm, for example. As shown in the sec 
tional view, the height Y3 of the substrate is 5 mm, for 
example. The first temperature sensor 50 is embedded in the 
substrate 40. The transverse side X2 of the first temperature 
sensor 50 is 0.5 mm, for example, and the longitudinal 
(height) side Y2 thereof is 0.5 mm, for example. Foam rubber 
(e.g., natural latex rubber) or foam resin (e.g., urethane foam), 
for example, may be used as the substrate 40. 
(0.184 FIGS. 21B and 21C show an example of the method 
for embedding the first temperature sensor 50 in the substrate 
40. In FIG.21B, a tunnel 47a is formed from a side surface of 
the substrate 40 toward the center thereof, the first tempera 
ture sensor 50 is conveyed to the inside of the substrate 40 
through the tunnel 47a, and the first temperature sensor 50 is 
provided substantially in the center of the substrate 40. 
0185. In the example shown in FIG. 21C, a pit 47b is 
formed instead of the tunnel 47a in FIG. 21B. 
0186 FIGS. 21D and 21E show another example of the 
method for embedding the first temperature sensor 50 in the 
substrate 40. In the example shown in FIGS. 21D and 21E, the 
substrate 40 is divided into a lower portion 4.0a and an upper 
portion 40b. When the lower portion 4.0a and the upper por 
tion 40b are bonded together, the first temperature sensor 50 
is held between the two portions 40a, 40b, and the first tem 
perature sensor 50 is thereby positioned inside the substrate 
40. 
0187. In the first step of the example shown in FIG. 21D, 
a concave part 39 is formed in a portion of the upper portion 
40b of the substrate 40. In the second step, the first tempera 
ture sensor 50 is embedded in the concave part 39 formed in 
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the upper portion 40b of the substrate 40, and an adhesive 41 
is formed on the surface of the lower portion 4.0a of the 
substrate 40 that is opposite the upper portion 40b. In the third 
step, the lower portion 4.0a and the upper portion 40b of the 
substrate 40 are bonded together. However, since foam rubber 
or foam resin is flexible, the first temperature sensor 50 may 
be directly held by the lower portion 4.0a and upper portion 
40b of the substrate 40 without providing the concave part39. 
An example of this configuration is shown in FIG. 21E. 
0188 In the first step of the example shown in FIG. 21E, a 
concave part is not formed in the lower portion 4.0a of the 
substrate 40. In the second step, the adhesive 41 is formed on 
the surface of the lower portion 4.0a of the substrate 40 that is 
opposite the upper portion 40b, and the first temperature 
sensor 50 is mounted on the adhesive 41. In the third step, the 
lower portion 4.0a and upper portion 40b of the substrate 40 
are bonded together. The substrate 40 is composed of a soft 
material. The center part of the upper portion 40b of the 
substrate 40 deforms so as to envelop the first temperature 
sensor 50 when the components are bonded together. The 
method described above is merely an example, and is not 
provided by way of limitation to the invention. 
0189 As described above, through at least one embodi 
ment of the invention, a deep temperature can be measured 
with higher precision. Reduced size of the temperature mea 
Surement part and highly precise measurement can also be 
obtained at the same time. 

0190. Several embodiments are described above, but it 
will be readily apparent to those skilled in the art that numer 
ous modifications can be made herein without substantively 
departing from the new matter and effects of the invention. All 
Such modifications are thus included in the scope of the inven 
tion. For example, in the specification or drawings, terms 
which appear at least once together with different terms that 
are broader or equivalent in meaning may be replaced with the 
different terms in any part of the specification or drawings. 
0191 (1) The temperature measurement device according 
to one embodiment of the invention includes a temperature 
measurement part, an environment temperature acquiring 
part, a calculation part, and a control part for controlling the 
operation of the temperature measurement part and the cal 
culation part; wherein the temperature measurement part has 
a Substrate as a heating medium having a first Surface as a 
contact Surface for contacting a measured body; a first tem 
perature sensor for measuring, as a first temperature, the 
temperature at a first measurement point of the Substrate; and 
a second temperature sensor for measuring, as a second tem 
perature, the temperature at a second measurement point dif 
ferent from the first measurement point of the substrate; the 
environment temperature acquiring part acquires, as a third 
temperature, the temperature of an environment Surrounding 
the Substrate; the first measurement point and the second 
measurement point are positioned on an external Surface of 
the substrate or inside of the substrate; the first temperature 
sensor and the second temperature sensor measure the first 
temperature and the second temperature a plurality of times 
under conditions in which the third temperature varies; and 
the calculation part calculates, on the basis of a deep tempera 
ture calculation equation, a deep temperature in a deep part of 
the measured body distant from the first surface on the basis 
of the first temperature and the second temperature obtained 
by the plurality of measurements, and of the third temperature 
having the different value corresponding to the plurality of 
measurementS. 
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0.192 In the technique, different types of heat insulators 
are used in two temperature measurement parts to generate 
two different heat fluxes under conditions in which the envi 
ronment temperature is constant, but in the present embodi 
ment, aheat flux is generated in at least two systems in which 
the environment temperature varies. The term “environment 
is used in the following description, but the “environment' is 
an atmosphere or otherheating medium, for example, and can 
also be referred to as a Surrounding medium or an environ 
ment medium. 
0193 In the heat flow model of the technique, the envi 
ronment temperatures Tout in the two temperature measure 
ment systems have the same value (i.e., are constant). The 
heat flow that occurs between the deep temperature Tc and the 
environment temperature Tout in each system is thereby con 
stant, and this condition is assumed in the technique. The 
condition that the heat flow from the measured body to the 
environment, e.g., in the vertical direction, is constant is 
established under the assumption that no heat balance occurs 
in which a portion of the heat flow in the vertical direction 
escapes to the environment via a side Surface of the Substrate, 
for example. 
0194 However, as the temperature measurement device is 
further reduced in size, and the size of the substrate decreases, 
a heat balance (e.g., an escape of heat from a side Surface of 
the substrate) between the measured body and the environ 
ment is manifested. In this case, the assumption of a constant 
heat flow between the deep temperature Tc and the environ 
ment temperature Tout is no longer satisfied. 
0.195. In the present embodiment, however, one end of 
each heat flow in the plurality of heat flow systems is an 
environment in which temperature fluctuation is allowed. For 
example, the environment temperature is Tout 1 (an arbitrary 
temperature) in the first system, and the environment tem 
perature is Tout2 (an arbitrary temperature different from 
Tout 1) in the second system. The present embodiment is 
thereby not subject to the limitation of the technique, in which 
the heat flow between the environment temperature (Tout) 
and the deep temperature (Tc) must be constant between the 
plurality of heat flow systems. In other words, the movement 
of heat due to the heat balance is inherently included in the 
heat flux of each system, and between the environment tem 
perature Tout (arbitrary temperature) and the deep tempera 
ture Tc of the measured body, there is only a heat flow which 
also includes also the heat balance component. 
0196. In a model of the heat flow system such as described 
above, the temperature of any two points (first measurement 
point and second measurement point) in the Substrate can be 
expressed by an equation which includes the environment 
temperature (Tout) as a variable (parameter). 
0.197 When the deep temperature Tc and the environment 
temperature Tout are equal, the heat balance is Zero. There 
fore, when calculating the deep temperature Tc, for example, 
the measurement error due to heat balance can be reduced to 
Zero by imparting the condition that the deep temperature Tc 
and the environment temperature Tout are equal. 
0198 When the calculation equation used as the deep 
temperature calculation equation is in a form which takes the 
difference (ratio) oftemperature information that is measured 
based on two heatfluxes of different systems, the components 
corresponding to the heat balance, which are included in the 
temperature information obtained from each system, cancel 
each other out and are no longer visible. In other words, no 
problems arise from the fact that a heat balance occurs 
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between the substrate and the environment, or that a heat 
balance occurs between the measured body and the environ 
ment. 

0199. By such a measurement principle, the deep tempera 
ture of the measured body can be measured with higher pre 
cision. The effect of a heat balance on the measurement is 
generally more significant the Smaller the size of the tempera 
ture measurement device is, but in the present embodiment, 
since the error due to the heat balance can be Suppressed, 
reduced size of the temperature measurement device and 
extremely precise measurement can be obtained at the same 
time. 
0200. In the temperature measurement device of the 
present embodiment, the deep temperature can be calculated 
by executing a plurality oftemperature measurements (acqui 
sitions of temperature information) in different environment 
temperatures, and executing calculation by using the plurality 
of obtained temperature data. Through this configuration, 
only one Substrate is essentially needed, and there is no need 
to provide two Substrates (two temperature measurement 
parts), as in the technique described in Patent Citation 1. The 
size of the temperature measurement device can thereby be 
reduced in this respect as well. In the clinical thermometer of 
Patent Citation 1, heat insulators composed of different mate 
rials must be provided in the surface layer parts of the tem 
perature measurement parts in order to obtain a different 
thermal resistance value in each temperature measurement 
part, but in the present embodiment, only one substrate is 
essentially needed as the heating medium for transmitting 
heat, and the structure of the temperature measurement 
device can be simplified in this respect. A material (e.g., 
silicone rubber) having a predetermined thermal conductivity 
(or thermal resistance), for example, may be used as the 
substrate. 
0201 (2) In the temperature measurement device accord 
ing to another embodiment of the invention, the control part 
divides a time period for measuring the first temperature and 
the second temperature into a plurality of time periods, and 
causes the first temperature sensor and the second tempera 
ture sensor to execute a plurality of temperature measure 
ments at a predetermined interval for each time period; and 
the calculation unit determines the first temperature and the 
second temperature for each time period by averaging in 
which a plurality of temperature measurement data obtained 
by the plurality of measurements is used; and uses the first 
temperature and the second temperature determined for each 
the time period to execute calculation according to the deep 
temperature computation equation, and calculates the deep 
temperature in a deep part of the measured body. 
0202 In the present embodiment, an example is clarified 
of a measurement method for ensuring that “the first tempera 
ture Tb and the second temperature Tp are measured a plu 
rality of times under conditions in which the value of the third 
temperature (environment temperature Tout) varies.” 
0203 Methods for “varying the value of the third tempera 
ture (environment temperature Tout)' include active methods 
using an air conditioner or the like, and passive methods 
which focus on Surges (minute fluctuations) in the environ 
ment temperature on a time axis to adjust the measurement 
timing. The present embodiment relates to the latter type of 
passive method. 
0204 For example, when “the first temperature Tb at the 

first measurement point of the Substrate, and the second tem 
perature Tp at the second measurement point of the Substrate 
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are measured three times, it is sometimes impossible to 
satisfy the condition of “measuring three times in different 
environment temperatures (third temperature) when the 
time interval between the three measurements is very short. 
Therefore, in the present embodiment, a first time period for 
the first measurement, a second time period for the second 
measurement, and a third time period for the third measure 
ment are provided in Such a case. In the first time period, a 
plurality of temperature measurements is executed, and the 
values (Tb1, Tp1) of the first temperature measurement are 
determined by averaging (simple arithmetic mean or 
weighted average) the measurement results. The term "aver 
aging is broadly interpreted, and also includes cases in 
which a complex calculation equation is used, for example. 
0205 For example, in the first time period, a first tempera 
ture measurement is performed three times at a predeter 
mined interval, and in a case in which three units oftempera 
ture data are obtained relating to the first temperature Tb, the 
first temperature Tb1 in the first measurement is determined 
by averaging based on the three units oftemperature data. The 
second temperature Tp1 is determined in the same manner. 
For the third temperature (environment temperature) as well, 
three measurements are executed in the first time period, and 
the environment temperature (third temperature) Tout 1 relat 
ing to the first measurement may be obtained by averaging 
based on the temperature data obtained by the measurements. 
0206. In the second time period as well, a plurality of 
temperature measurements is executed, and the values (Tb2, 
Tp2) of the second temperature measurement are determined 
by averaging (simple arithmetic mean or weighted average) 
the measurement results. The environment temperature (third 
temperature) Tout2 is determined in the same manner. A 
plurality oftemperature measurements is executed in the third 
time period as well, and the values (Tb3, Tp3) of the third 
temperature measurement are determined by averaging 
(simple arithmetic mean or weighted average) the measure 
ment results. The environment temperature (third tempera 
ture) Tout3 is determined in the same manner. The example 
described above is merely an example, and is not limiting. 
0207. Through the method of the present embodiment, a 
plurality of units of measurement data measured in different 
environment temperatures can be obtained for the first tem 
perature and second temperature without using an air condi 
tioner or the like to actively vary the temperature of the 
environment. 
0208 (3) The temperature measurement device according 
to another embodiment of the invention further includes an 
environment temperature adjustment part whereby the tem 
perature of the environment can be varied; wherein the tem 
perature of the environment is varied by the environment 
temperature adjustment part each time a measurement ends 
when the control part causes the first temperature sensor and 
the second temperature sensor to execute the plurality of 
measurementS. 

0209. In the present embodiment, an example is clarified 
ofa measurement method for ensuring that “the first tempera 
ture Tb and the second temperature Tp are measured a plu 
rality of times under conditions in which the value of the third 
temperature (environment temperature Tout) varies.” 
0210. In the present embodiment, the temperature mea 
surement part is further provided with an environment tem 
perature adjustment part. The environment temperature 
adjustment part has the function of varying the environment 
temperature (third temperature). A regulator of a set tempera 
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ture of an external air conditioner provided outside the tem 
perature measurement device, for example, may be used as 
the environment temperature adjustment part. A fan (electric 
fan), an air flow generating part for generating an air flow, or 
the like provided inside the temperature measurement device, 
for example, may be used as the environment temperature 
adjustment part. Through the use of the environment tempera 
ture adjustment part, the environment temperature can be 
reliably varied for each measurement. The environment tem 
perature can also be set to an exact temperature. A large 
difference can also be set between the environment tempera 
ture Tout 1 of the first measurement and the environment 
temperature Tout2 of the second measurement. 
0211 (4) The temperature measurement device according 
to another embodiment of the invention further includes a 
timing control information input part for inputting timing 
control information for determining a timing at which the first 
temperature sensor and the second temperature sensor 
execute the plurality of measurements; wherein the control 
part causes the first temperature sensor and the second tem 
perature sensor to execute temperature measurement each 
time the timing control information is inputted from the tim 
ing control information input part. 
0212. In the present embodiment, the temperature mea 
Surement part is provided with a timing control information 
input part for inputting timing control information for deter 
mining the timing of executing the plurality of measurements. 
In the present embodiment, it is assumed that the user ensures 
by the user's own action that “the first temperature Tb and the 
second temperature Tp are measured a plurality of times 
under conditions in which the value of the third temperature 
(environment temperature Tout) varies.” 
0213 For example, the user sets the temperature of an 
external air conditioner provided outside the temperature 
measurement device to a first temperature when the first 
measurement is performed, and when a predetermined time 
elapses from this setting, timing control information is input 
ted via the timing control information input part. The control 
part causes the first temperature sensor and the second tem 
perature sensor to execute a single temperature measurement 
each time the timing control information is inputted from the 
timing control information input part. After the user Subse 
quently sets the temperature of the air conditioner to a second 
temperature, the operation whereby timing control informa 
tion is inputted is preferably repeated. 
0214. In the present embodiment, since the user varies the 
environment temperature at each measurement, the tempera 
ture measurement device is not burdened with managing the 
environment temperature. The above example is merely an 
example. 
0215 (5) In the temperature measurement device accord 
ing to another embodiment of the invention, when the first 
temperature is expressed by a function including a plurality of 
constants, the second temperature and the third temperature 
being variables, the calculation part computes the plurality of 
constants on the basis of the measured first temperature, the 
measured second temperature, and the measured third tem 
perature, and computes the deep temperature of the measured 
body by calculation according to the deep temperature com 
putation equation by using the plurality of computed con 
StantS. 

0216. When the temperature of the measured body 
changes, the first temperature on the measured body side of 
the Substrate changes, and the second temperature on the 
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environment side of the Substrate also changes. The technique 
focuses on only the change in temperature of two points in the 
Substrate originating from the measured body. The present 
embodiment instead focuses also on the change in tempera 
ture in the Substrate originating from the environment. 
0217. In other words, when the temperature of the envi 
ronment (atmosphere or the like) changes, the second tem 
perature on the environment side of the Substrate changes, and 
the first temperature on the measured body side of the sub 
strate also changes. Through computer simulation, it is appar 
ent that a predetermined regularity exists in the temperature 
change of two points in the Substrate originating from the 
environment. 
0218. In other words, the first temperature can be 
expressed by a function which includes a plurality of con 
stants, the second temperature and the third temperature 
being variables. Focusing on the fact that the heat balance is 
Zero when the deep temperature (Tc) and the environment 
temperature (Tout) are equal, the deep temperature computa 
tion equation is obtained by modifying the function described 
above. 
0219. However, the values of the plurality of constants 
included in the function described above must be determined 
in order to compute the deep temperature on the basis of the 
computation equation. The calculation part therefore first 
computes the values of the abovementioned plurality of con 
stants on the basis of the temperature data obtained as the 
results of the plurality of measurements, for example. The 
calculation part then uses the values of the constants to 
execute calculation by the computation equation and com 
pute the deep temperature. A substantially ideal deep tem 
perature is thereby calculated, from which the effects of the 
heat balance are removed. 

0220 (6) In the temperature measurement device accord 
ing to another embodiment of the invention, the first tempera 
ture is expressed by a first linear function having a first slope 
and a first intercept, the second temperature being a variable; 
the first intercept of the first linear function is expressed by a 
second linear function having a second slope and a second 
intercept, the third temperature being a variable; the plurality 
of constants corresponds to the first slope, the second slope, 
and the second intercept; and when Tb1, Tp 1, and Tout 1 are 
the first temperature, the second temperature, and the third 
temperature, respectively, obtained by a first measurement; 
Tb2, Tp2, and Tout2 are the first temperature, the second 
temperature, and the third temperature, respectively, obtained 
by a second measurement; and Tb3, Tp3, and Tout3 are the 
first temperature, the second temperature, and the third tem 
perature, respectively, obtained by a third measurement, the 
calculation part computes the values of the first slope, the 
second slope, and the second intercept on the basis of the first 
temperature Tb1, the second temperature Tp 1, and the third 
temperature Tout 1 obtained by the first measurement, the first 
temperature Tb2, the second temperature Tp2, and the third 
temperature Tout2 obtained by the second measurement, and 
the first temperature Tb3, the second temperature Tp3, and 
the third temperature Tout3 obtained by the third measure 
ment, and computes the deep temperature of the measured 
body by calculation according to the deep temperature calcu 
lation equation by using the computed values of the first 
slope, the second slope, and the second intercept. 
0221) Through computer simulation, it is apparent that the 

first temperature (temperature of the measured object side of 
the substrate) is linear with respect to the second temperature 



US 2014/0343887 A1 

(temperature of the environment side of the substrate), and 
that the first temperature canthus be expressed by a first linear 
function having a first slope and a first intercept, the second 
temperature being a variable. Specifically, the first tempera 
ture can be expressed by the following equation: (First tem 
perature)-(First slope) (Second temperature)+(First inter 
cept). 
0222. Through computer simulation, it is apparent that the 

first intercept in the first linear function is linear with respect 
to the third temperature (environment temperature), and that 
the first intercept of the first linear function can thus be 
expressed by a second linear function having a second slope 
and a second intercept, the third temperature being a variable. 
Specifically, the first intercept can be expressed by the fol 
lowing equation: (First intercept)=(Second slope)-(Third 
temperature)+(Second intercept). 
0223) The following expression is obtained as a result: 
(First temperature)=(First slope) (Second temperature)+ 
(Second slope)-(Third temperature)+(Second intercept). This 
relational expression corresponds to the “function including a 
plurality of constants, the second temperature and the third 
temperature being variables, described in embodiment (5) 
above. Consequently, the “plurality of constants’ corre 
sponds to the “first slope.” the “second slope.” and the “sec 
ond intercept’ in the equation described above. In other 
words, the values of three constants must be calculated. 
0224. Therefore, at least three temperature measurements 
(acquisitions of temperature information), for example, are 
executed, and a first temperature, second temperature, and 
third temperature are obtained as a set for each temperature 
measurement (acquisition of temperature information). 
When the obtained temperature values are substituted into the 
function described above, i.e., the relational expression (First 
temperature)-(First slope) (Second temperature)+(Second 
slope) (Third temperature)+(Second intercept), three equa 
tions are obtained, i.e., a ternary system of equations includ 
ing the following three variables: (First slope), (Second 
slope), and (Second intercept). By solving this ternary system 
of equations, the values of the “plurality of constants, i.e., the 
“first slope, the “second slope.” and the “second intercept 
can be determined (although this method is not limiting). 
0225 (7) In the temperature measurement device accord 
ing to another embodiment of the invention, the calculation 
part computes the values of a, c, and d by the equation below, 
where a is the first slope, c is the second slope, and d is the 
second intercept: 

C Tp1 Tout 1 1 (Tbil (10) 

-i. Tout 2 d Tp3 Tout3 1 Tb3 

0226 and 
0227 the calculation part computes the deep temperature 
Tc by a first computation equation shown below as the deep 
temperature calculation equation. 

To = d 
C 1 - a - C 

0228. In the present embodiment, the first slope in the 
plurality of constants described in embodiment (5) above is 
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designated as a, the second slope is designated as c, and the 
second intercept is designated as d. 
0229. The above function (First temperature)=(First 
slope) (Second temperature)+(Second slope)-(Third tem 
perature)+(Second intercept) can be specifically expressed as 
“Tb-a-Tp+c-Tout--d” where Tb is the first temperature, Tp is 
the second temperature, Tout is the environment temperature 
(third temperature), and a, c, and dare constants. The ternary 
system of equations described above can thereby be 
expressed as shown below. 

T1 Tp 1 Tout 1 1 ( a 

t Tp2 Tout 2 1 | C 
Tb3 Tp3 Tout3 1 J d 

0230 By substituting the calculated values of a, c, and d 
into the first computation equation and executing the calcu 
lation, a Substantially ideally corrected deep temperature Tc 
is obtained that is not affected by the heat balance. 
0231 (8) In the temperature measurement device accord 
ing to another embodiment of the invention, when Tb1, Tp 1. 
and Toutl are the first temperature, the second temperature, 
and the third temperature obtained by a first measurement; 
and Tb2, Tp2, and Tout2 are the first temperature, the second 
temperature, and the third temperature obtained by a second 
measurement, the value of the Tout2 being different from the 
value of the Tout1, the calculation part executes calculation 
by a second computation equation as the deep temperature 
calculation equation, by using the first temperature Tb1 and 
the second temperature Tp 1 obtained by the first measure 
ment, and the first temperature Tb2 and the second tempera 
ture Tp2 obtained by the second measurement, and computes 
the deep temperature Tc; and the second computation equa 
tion is expressed as shown below. 

Tb2(Tbi - Tp) - Tbi Tb2 TP2) (T11-T1) - (T2 - TO) 

0232. In the present embodiment, at least two temperature 
measurements (acquisitions of temperature information) are 
executed, and the value of the third temperature (environment 
temperature) is varied in each temperature measurement. 
When two temperature measurements are executed with dif 
ferent environment temperatures (third temperature), a first 
heat flux system is formed in which the starting end is the 
deep part of the measured body, and the terminal end is the 
environment (atmosphere or the like) in the first measure 
ment. In the second measurement, a second heat flux system 
is formed in which the starting end is the deep part of the 
measured body, and the terminal end is the environment (at 
mosphere or the like). Since the third temperature (environ 
ment temperature) Tout is different in each system, the heat 
fluxes of each system are mutually different. 
0233. Since the terminal end is the environment in these 
heat flux systems, the concept of the heat balance difference, 
which was a problem in the technique, does not occur. In other 
words, the environment temperature Tout (Toutl, Tout2) is 
unambiguously determined so as to encompass the heat bal 
aCC. 

0234. The thermal characteristics (e.g., thermal conduc 
tivity) of the substrate used are the same in the first heat flux 



US 2014/0343887 A1 

system and the second heat flux system (this is naturally 
expected, since a shared Substrate is used). In other words, 
there is no change in the distribution of thermal resistance 
between the first system and the second system. Therefore, 
when the first measurement point and second measurement 
are set in the substrate, the value of (Difference in temperature 
between the first measurement point and the second measure 
ment point)/(Difference between the deep temperature Tc of 
the measured body and the temperature of the first measure 
ment point) is the same for the first heat flux system and the 
second heat flux system. The equation below is thus estab 
lished. 

(Tbil - Tp1) (Tb2-Tp2) 
(To - Tb1) T (To - Tb2) 

When this equation is solved for Tc, the second computation 
equation described above is obtained. Since the concept of the 
error component ATc in the technique does not occur, a Sub 
stantially ideal deep temperature Tc is obtained by the second 
computation equation. 
0235 Specifically, since the second computation equation 

is a calculation equation formatted to obtain the ratio of the 
difference of temperature information measured based on 
heat fluxes of two different systems, the components corre 
sponding to the heat balance, which are included in each unit 
of temperature information, cancel out and are no longer 
visible. In otherwords, no problems arise from the occurrence 
of a heat balance between the substrate and the environment, 
or by the occurrence of a heat balance between the measured 
body and the environment. 
0236. The second computation equation appears the same 
as the computation equation in the technique in terms of 
format, but the second computation equation is fundamen 
tally different from the computation equation of the tech 
nique. In other words, the second computation equation is 
derived from the perspective that the ratio of the thermal 
resistance in the Substrate is the same (shared), on the basis of 
the data obtained from two heat flux systems in which the 
environment is the terminal end, and the second computation 
equation is fundamentally different. 
0237. In the present embodiment, the third temperature 
(environment temperature) Tout is not directly related to the 
deep temperature Tc computation as such. However, as 
described above, Tout 1 in the first measurement and Tout2 in 
the second measurement must be different, and when 
Tout1=Tout2, the deep temperature cannot be correctly com 
puted. The third temperature Tout measured by a third tem 
perature sensor may thus be used to confirm whether a con 
dition for enabling computation (the condition that the third 
temperature is different in the first measurement and the 
second measurement) is satisfied, i.e., to determine whether 
to perform calculation. 
0238 (9) The temperature measurement device according 
to another embodiment of the invention includes a first unit 
and a second unit which is separate from the first unit; 
wherein the first unit includes the temperature measurement 
part and the environment temperature acquiring part, and the 
second unit includes the calculation part and the control part. 
0239. In the present embodiment, a separate structure is 
employed in which the first unit and the second unit are 
separated. Consequently, the number of constituent compo 
nents of the first unit (e.g., main body of the temperature 
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measurement device), for example, can be minimized, and 
the weight of the first unit can be reduced. Consequently, a 
large burden is not placed on the subject even when the first 
unit is in contact for a long time with the body Surface of a 
Subject as the measured body 6, for example. A temperature 
can thereby be continuously monitored for a long time, for 
example. 
0240 (10) In the temperature measurement device accord 
ing to another embodiment of the invention, the first unit 
includes a first wireless communication part; the second unit 
includes a second wireless communication part; information 
of the first temperature and information of the second tem 
perature, or information of the first temperature, information 
of the second temperature, and information of the third tem 
perature is transmitted from the first wireless communication 
part to the second wireless communication part; and the cal 
culation part executes calculation on the basis of the informa 
tion of the first temperature and information of the second 
temperature, or the information of the first temperature, infor 
mation of the second temperature, and information of the 
third temperature, received by the second wireless commu 
nication part, and calculates the deep temperature of the mea 
sured body. 
0241. In the present embodiment, temperature data can be 
transmitted and received by wireless communication 
between the first unit and the second unit. The second unit can 
thereby be placed somewhat distant from the first unit. Since 
wireless communication is utilized, there is no need for com 
munication wires. The ease of handling of the first unit is 
thereby enhanced. Since the first unit can also be completely 
separate from the second unit, the first unit can be further 
reduced in weight. 
0242 (11) The temperature measurement device accord 
ing to another embodiment of the invention further includes 
an affixing structure for affixing the first surface of the sub 
strate to a surface of the measured body. 
0243 In the present embodiment, the temperature mea 
surement device can be affixed to a surface of the measured 
body. Consequently, the operating properties and portability 
of the temperature measurement device are enhanced. In a 
case in which the temperature measurement device is used to 
measure the body temperature of a child or infant, for 
example, because of the frequent body movements of a child 
or infant, contact between the temperature measurement 
device and the body surface is difficult to satisfactorily main 
tain for a predetermined time. However, even in Such a case, 
since the temperature measurement device of the present 
embodiment can be affixed to the surface of the measured 
body, contact between the body surface and the temperature 
measurement device can be satisfactorily maintained even as 
the body of the child or infant moves. Precise and stable 
temperature measurement is thereby possible. 
0244 (12) The temperature measurement method accord 
ing to an embodiment of the invention includes a temperature 
information acquisition step of performing a plurality of mea 
Surements of the temperature at a first measurement point and 
a second measurement point in different positions on an 
external surface of a substrate or inside the substrate, under 
conditions in which the temperature of the environment var 
ies; and a calculation step of calculating, on the basis of a deep 
temperature calculating equation, a deep temperature in a 
deep part of the measured body distant from the first surface, 
on the basis of the temperature of the first measurement point 
and the temperature of the second measurement point 
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obtained by the plurality of measurements, or on the basis of 
the temperature of the first measurement point and the tem 
perature of the second measurement point obtained by the 
plurality of measurements, as well as the temperature of the 
environment having the different value corresponding to the 
plurality of measurements. 
0245. In the temperature measurement method of the 
present embodiment, the deep temperature can be calculated 
by executing a plurality oftemperature measurements (acqui 
sitions of temperature information) at different times under 
conditions in which the environment temperature (third tem 
perature) varies, and executing calculation by using the 
obtained plurality of temperature data. 
0246. In the technique, different types of heat insulators 
are used in two temperature measurement parts to generate 
two different heat fluxes under conditions in which the envi 
ronment temperature is constant, but in the present embodi 
ment, a heat flux is generated in a plurality of systems in 
which the environment temperature varies. 
0247. A heat balance occurs between the substrate and the 
environment (which is an atmosphere or other heating 
medium, for example, and can also be referred to as a Sur 
rounding medium or an environment medium). In the tech 
nique, since two temperature measurement units execute tem 
perature measurement at the same time, the environment 
temperatures Tout in the two temperature measurement sys 
tems have the same value (i.e., are constant). The heat flow 
that occurs between the deep temperature Tc and the environ 
ment temperature Tout in each system is thereby constant, and 
this condition is assumed in the technique. The condition that 
the heat flow from the measured body to the environment, 
e.g., in the vertical direction, is constant is established under 
the assumption that no heat balance occurs in which a portion 
of the heat flow in the vertical direction escapes to the envi 
ronment via a side Surface of the Substrate, for example. 
0248 However, as the temperature measurement device is 
further reduced in size, and the size of the substrate decreases, 
a heat balance between the measured body and the environ 
ment is manifested. In this case, the assumption of a constant 
heat flow between the deep temperature Tc and the environ 
ment temperature Tout is no longer satisfied. 
0249. In the present embodiment, however, one end of 
each heat flow in the plurality of heat flow systems is an 
environment in which temperature fluctuation is allowed. For 
example, the environment temperature is Toutl (an arbitrary 
temperature) in the first system, and the environment tem 
perature is Tout2 (an arbitrary temperature different from 
Tout 1) in the second system. The present embodiment is 
thereby not subject to the limitation of the technique, in which 
the heat flow between the environment temperature (Tout) 
and the deep temperature (Tc) must be constant between the 
plurality of heat flow systems. In other words, the movement 
of heat due to the heat balance is inherently included in the 
heat flux of each system, and between the environment tem 
perature Tout (arbitrary temperature) and the deep tempera 
ture Tc of the measured body, there is only a heat flow which 
also includes also the heat balance component. 
0250 In a heat flow system such as described above, the 
temperature of any two points (first measurement point and 
second measurement point) in the Substrate can be expressed 
by an equation which includes the environment temperature 
(Tout) as a variable (parameter). 
0251 When the deep temperature and the environment 
temperature are equal, the heat balance is Zero. Therefore, 
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when calculating the deep temperature, for example, the mea 
surement error due to heat balance can be reduced to Zero by 
adding the condition that the deep temperature and the envi 
ronment temperature are equal. 
0252. When the calculation equation used as the deep 
temperature calculation equation is formatted to obtain the 
difference (ratio) oftemperature information that is measured 
based on two heatfluxes of different systems, the components 
corresponding to the heat balance, which are included in the 
temperature information obtained from each system, cancel 
each other out and are no longer visible. In other words, no 
problems arise from the fact that a heat balance occurs 
between the substrate and the environment, or that a heat 
balance occurs between the measured body and the environ 
ment. 

0253. By such a measurement principle, the deep tempera 
ture of the measured body can be measured with higher pre 
cision. The effect of a heat balance on the measurement is 
generally more significant the Smaller the size of the tempera 
ture measurement device is, but in the present embodiment, 
since the error due to the heat balance can be Suppressed, 
reduced size of the temperature measurement device and 
extremely precise measurement can be obtained at the same 
time. 

0254. In the temperature measurement device of the 
present embodiment, the deep temperature can be calculated 
by executing a plurality oftemperature measurements (acqui 
sitions of temperature information) in different environment 
temperatures, and executing calculation by using the plurality 
of obtained temperature data. Through this configuration, 
only one Substrate is essentially needed, and there is no need 
to provide two Substrates (two temperature measurement 
parts), as in the technique described in Patent Citation 1. The 
size of the temperature measurement device can thereby be 
reduced in this respect as well. In the clinical thermometer of 
Patent Citation 1, heat insulators composed of different mate 
rials must be provided in the surface layer parts of the tem 
perature measurement parts in order to obtain a different 
thermal resistance value in each temperature measurement 
part, but in the present embodiment, only one substrate is 
essentially needed as the heating medium for transmitting 
heat, and the structure of the temperature measurement 
device can be simplified in this respect. A material (e.g., 
silicone rubber) having a predetermined thermal conductivity 
(or thermal resistance), for example, may be used as the 
substrate. 

0255 (13) In the temperature measurement method 
according to another embodiment of the invention, when the 
temperature of the first measurement point is designated as a 
first temperature, the temperature of the second measurement 
point is designated as a second temperature, and the tempera 
ture of the environment is designated as a third temperature, 
the first temperature is expressed by a function including a 
plurality of constants, the second temperature and the third 
temperature being variables; the first temperature is 
expressed by a first linear function having a first slope and a 
first intercept, the second temperature being a variable; the 
first intercept of the first linear function is expressed by a 
second linear function having a second slope and a second 
intercept, the third temperature being a variable; the plurality 
of constants corresponds to the first slope, the second slope, 
and the second intercept; Tb1 as the first temperature, Tp1 as 
the second temperature, and Tout1 as the third temperature 
are acquired by a first measurement, Tb2 as the first tempera 
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ture, Tp2 as the second temperature, and Tout2 as the third 
temperature are acquired by a second measurement, and Tb3 
as the first temperature, Tp3 as the second temperature, and 
Tout3 as the third temperature are acquired by a third mea 
Surement in the temperature information acquisition step; and 
in the calculation step, the values of the first slope, the second 
slope, and the second intercept are computed on the basis of 
the first temperature Tb1, the second temperature Tp1, and 
the third temperature Tout 1 obtained by the first measure 
ment, the first temperature Tb2, the second temperature Tp2. 
and the third temperature Tout2 obtained by the second mea 
surement, and the first temperature Tb3, the second tempera 
ture Tp3, and the third temperature Tout3 obtained by the 
third measurement, and the deep temperature of the measured 
body is computed by calculation according to the deep tem 
perature calculation equation by using the computed values of 
the first slope, the second slope, and the second intercept. 
0256 In the temperature measurement method of the 
present embodiment, at least three temperature measure 
ments (acquisitions of temperature information), for 
example, are executed, and a first temperature, second tem 
perature, and third temperature are obtained as a set for each 
temperature measurement (acquisition of temperature infor 
mation). The first temperature can be expressed by a function 
which includes the second temperature and third temperature 
as variables, and which includes a plurality of constants. 
When the temperature values obtained by the three tempera 
ture measurements are substituted into the above function, a 
ternary system of equations including three variables is 
obtained. The plurality of constants can be obtained by solv 
ing the ternary system of equations (although this method is 
not limiting). Calculation by the first computation equation is 
then executed by using the calculated values of the constants, 
and the deep temperature is computed. A nearly ideal deep 
temperature is thereby calculated, from which the effects of 
the heat balance are removed. 
0257 (14) In the temperature measurement method 
according to another embodiment of the invention, in the 
calculation step, a, c, and d are computed by the equation 
below, where a is the first slope, c is the second slope, and dis 
the second intercept: 

C Tp1 Tout 1 1 (Tbil 
C = Tip2 Tout 2 1 Tb2 
d Tp3 Tout3 1 Tb3 

0258 and 
0259 the deep temperature Tc is computed by the first 
computation equation shown below. 

To = d c = 

0260. In the present embodiment, the plurality of con 
stants a, c, and d (where a is the first slope, c is the second 
slope, and d is the second intercept) can be calculated by an 
equation which includes the inverse matrix described above. 
0261) When the calculation equation described above (in 
cluding the environment temperature as a variable) is solved 
under conditions in which the deep temperature Tc and the 
environment temperature (third temperature) Tout are equal, 
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the first computation equation is obtained. By Substituting the 
calculated values of a, c, and d into the first computation 
equation and executing the calculation, a Substantially ideally 
corrected deep temperature Tc is obtained that is not affected 
by the heat balance. 
0262 (15) In the temperature measurement method 
according to another embodiment of the invention, when the 
temperature of the first measurement point is designated as a 
first temperature, the temperature of the second measurement 
point is designated as a second temperature, and the tempera 
ture of the environment is designated as a third temperature, 
the first temperature is expressed by a function including a 
plurality of constants, the second temperature and the third 
temperature being variables; Tb1 as the first temperature and 
Tp1 as the second temperature are acquired based on the third 
temperature Tout 1 in a first measurement, and Tb2 as the first 
temperature and Tp2 as the second temperature are acquired 
based on the third temperature Tout2 different from the third 
temperature Tout 1 that corresponds to the first measurement 
in the temperature information acquisition step; in the calcu 
lation step, calculation by a second computation equation as 
the deep temperature calculation equation is executed by 
using the first temperature Tb1 and the second temperature 
Tp 1 obtained by the first measurement, and the first tempera 
ture Tb2 and the second temperature Tp2 obtained by the 
second measurement, and the deep temperature Tc is com 
puted; and the second computation equation is expressed as 
shown below. 

Tb2(Tbil - Tp1) - Tbl(Tb2-TP2) (T1-T1). (T2 T2) 

0263. In the temperature measurement method of the 
present embodiment, the value of the third temperature (envi 
ronment temperature) Tout is varied. When two temperature 
measurements are executed with different environment tem 
peratures (third temperature), a first heat flux system is 
formed in which the starting end is the deep part of the 
measured body, and the terminal end is the environment (at 
mosphere or the like) in the first measurement. In the second 
measurement, a second heat flux system is formed in which 
the starting end is the deep part of the measured body, and the 
terminal end is the environment (atmosphere or the like). 
Since the third temperature (environment temperature) Tout 
is different in each system, the heat fluxes of each system are 
mutually different. 
0264. In these heat flux systems, the terminal end is the 
environment, for which fluctuation in temperature is allowed. 
The concept of the heat balance difference, which was a 
problem in the technique, therefore does not occur. In other 
words, the environment temperature Tout (Toutl, Tout2) is 
unambiguously determined so as to encompass the heat bal 
aCC. 

0265. The thermal conductivity of the substrate used is the 
same in the first heat flux system and the second heat flux 
system (this is naturally expected, since a shared substrate is 
used). In other words, there is no change in the distribution of 
thermal resistance between the first system and the second 
system. Therefore, when the first measurement point and 
second measurement are set in the Substrate, the value of 
(Difference in temperature between the first measurement 
point and the second measurement point)/(Difference 
between the deep temperature Tc of the measured body and 
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the temperature of the first measurement point) is the same for 
the first heat flux system and the second heat flux system. The 
equation below is thus established. 

(Tbil - Tp1) (Tb2-Tp2) 
(To - Tb1) T (To - Tb2) 

When this equation is solved for Tc, the second computation 
equation described above is obtained. Since the concept as 
Such of the error component ATc in the technique does not 
occur, a Substantially ideal deep temperature Tc is obtained 
by the second computation equation. 
0266 Specifically, since the second computation equation 

is a calculation equation formatted to obtain the ratio of the 
difference of temperature information measured based on 
heat fluxes of two different systems, the components corre 
sponding to the heat balance, which are included in each unit 
of temperature information, cancel out and are no longer 
visible. In other words, no problems arise from the occurrence 
of a heat balance between the substrate and the environment, 
or by the occurrence of a heat balance between the measured 
body and the environment. 
0267 The second computation equation appears the same 
as the computation equation in the technique in terms of 
format, but the second computation equation is fundamen 
tally different from the computation equation of the tech 
nique. In other words, the second computation equation is 
derived from the perspective that the thermal resistance in the 
substrate is the same (shared), on the basis of the data 
obtained from two heat flux systems in which the environ 
ment is the terminal end, and the second computation equa 
tion is fundamentally different. 
0268. In the present embodiment, the third temperature 
(environment temperature) Tout is not directly related to the 
deep temperature Tc computation as such. However, as 
described above, Tout 1 in the first measurement and Tout2 in 
the second measurement must be different, and when 
Tout1=Tout2, the deep temperature cannot be correctly com 
puted. The third temperature Tout may thus be used to con 
firm whether a condition for enabling computation (the con 
dition that the third temperature is different in the first 
measurement and the second measurement) is satisfied, i.e., 
to determine whether to perform calculation. 
What is claimed is: 
1. A temperature measurement device comprising: 
a temperature measurement part; 
a heat insulator, and 
a calculation part, 
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the temperature measurement part being disposed among 
the heat insulator, 

the temperature measurement part having 
a Substrate as a heating medium having a first Surface as 

a contact Surface for contacting a measured body, 
a first temperature sensor configured to measure, as a 

first temperature, the temperature at a first measure 
ment point of the Substrate, and 

a second temperature sensor configured to measure, as a 
second temperature, the temperature at a second mea 
surement point different from the first measurement 
point of the substrate, 

the first measurement point and the second measurement 
point being positioned on an external Surface of the 
Substrate or inside of the substrate, 

the calculation part calculating a deep temperature in a 
deep part of the measured body distant from the first 
surface on the basis of the first temperature and the 
second temperature. 

2. The temperature measurement device according to claim 
1, further comprising a control part, wherein 

the control part divides a time period for measuring the first 
temperature and the second temperature into a plurality 
of time periods, and causes the first temperature sensor 
and the second temperature sensor to execute a plurality 
of temperature measurements at a predetermined inter 
Val for each time period, and 

the calculation unit determines the first temperature and the 
second temperature for each time period by averaging in 
which a plurality of temperature measurement data 
obtained by the plurality of measurements is used, and 
uses the first temperature and the second temperature 
determined for each the time period to execute calcula 
tion, and calculates the deep temperature in a deep part 
of the measured body. 

3. A temperature measurement method comprising: 
performing a measurement of temperature at a first mea 

Surement point and a second measurement point in dif 
ferent positions on an external Surface of a Substrate or 
inside the Substrate, which is deposited among a heat 
insulator; and 

calculating a deep temperature in a deep part of the mea 
sured body distant from the first surface, on the basis of 
the temperature of the first measurement point and the 
temperature of the second measurement point. 

4. The temperature measurement method according to 
claim 3, wherein 

the temperature of the first measurement point and the 
temperature of the second measurement point are mea 
Sured a plurality of times. 
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