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(57) ABSTRACT

In an electronic apparatus, a contact thermometer contacts a
skin surface of a user and measures a first temperature of the
skin surface. A radiation thermometer measures a second
temperature of the skin surface of the user. A vaporization
heat quantity calculating unit calculates a quantity of heat of
vaporization, using the first temperature and the second tem-
perature. The calculation of the quantity of heat of vaporiza-
tion is performed by executing predetermined vaporization
heat quantity computing processing in which the first tem-
perature and the second temperature are variables.
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VAPORIZATION HEAT QUANTITY
MEASURING DEVICE, BIOLOGICAL
INFORMATION MEASURING DEVICE, AND
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Japanese
Patent Application No. 2015-020899, filed on Feb. 5, 2015.
The content of the aforementioned application is incorpo-
rated herein by reference in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a vaporization heat

quantity measuring device and the like which measures the
quantity of heat of vaporization.

[0004] 2. Related Art

[0005] The body temperature of a human body is main-
tained by the heat dissipated from the human body. The
metabolism to maintain the body temperature is called basal
metabolism. That is, the metabolic rate can be learned by
measuring dissipation from the human body. Heat dissipation
is generated by the perspiration function, which is a physi-
ological function of the human body. Specifically, the human
body perspires through sweat glands in the skin and vaporizes
(evaporates) water from the skin surface, thus dissipating heat
outside the body as heat of vaporization (evaporative heat
loss).

[0006] JP-A-2011-120917 discloses a technique of finding
physiological information or context information from the
wearer’s body. For example, the publication discloses a
method of acquiring heart rate, pulse rate, respiratory rate,
heat flow, oxygen consumption and the like and thus finding
the calories burned and basal metabolic rate.

[0007] While JP-A-2011-120917 discloses a configuration
for detecting the amount of perspiration by measuring the
electrical skin resistance, it does not disclose a technique of
finding the evaporative heat loss, that is, the quantity of heat
of vaporization due to perspiration. Since how much of the
perspiration water is evaporated varies depending on the
humidity and water vapor pressure in the external environ-
ment, there are cases where the quantity of heat of vaporiza-
tion cannot be accurately measured on the basis of the amount
of perspiration alone, for example, at the time ofexercise orin
hot environment or the like where the person perspires a lot.
[0008] This problem is not limited to the case where the
measuring target is a human body. The same applies to mea-
suring the quantity of heat of vaporization due to perspiration
of other organisms and also to measuring the quantity of heat
of vaporization in objects which generate heat of vaporiza-
tion.

SUMMARY

[0009] An advantage of some aspects of the invention is
that the quantity of heat of vaporization from a measurement
target can be measured.

[0010] A first aspect of the invention is directed to a vapor-
ization heat quantity measuring device including: a contact
thermometer which contacts a surface of a measuring target
and measures a temperature of the surface (first temperature),
a radiation thermometer which measures a second tempera-
ture of the surface of the measuring object; and a computing
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unit which calculates a quantity of heat of vaporization, using
the first temperature and the second temperature.

[0011] As water evaporates from the surface of the measur-
ing object, heat of vaporization is taken away and therefore
the temperature of the surface drops. However, since the
portion which the contact thermometer contacts is not
exposed to the external environment, a temperature drop is
less likely to happen. Therefore, the second temperature mea-
sured of the surface of the measuring target is lower than the
first temperature measured in contact with the surface.
According to the first aspect of the invention, the quantity of
heat of vaporization from the measuring target can be mea-
sured, using the first temperature and the second temperature
of the surface of the measuring target.

[0012] A second aspect of the invention is directed to the
vaporization heat quantity measuring device according to the
first aspect of the invention, in which the computing unit
executes predetermined vaporization heat quantity comput-
ing processing in which the first temperature and the second
temperature are variables, and thus may calculate the quantity
of heat of vaporization.

[0013] According to the second aspect of the invention, the
quantity of heat of vaporization can be calculated by the
computing processing using the first temperature and the
second temperature.

[0014] A third aspect of the invention is directed to the
vaporization heat quantity measuring device according to the
second aspect of the invention, in which the computing unit
executes computing processing in which the quantity of heat
of vaporization is calculated on the basis ofa linear sum of the
first temperature and the second temperature, as the vapor-
ization heat quantity computing processing.

[0015] According to the third aspect of the invention, the
quantity ofheat of vaporization can be calculated on the basis
of the linear sum of the first temperature and the second
temperature.

[0016] A fourth aspect of the invention is directed to the
vaporization heat quantity measuring device according to the
second aspect of the invention, in which the computing unit
executes computing processing in which the quantity of heat
of vaporization is calculated on the basis of a sum of squares
of the first temperature and the second temperature, as the
vaporization heat quantity computing processing.

[0017] According to the fourth aspect of the invention, the
quantity of heat of vaporization can be calculated on the basis
of the sum of squares of the first temperature and the second
temperature.

[0018] A fifth aspect of the invention is directed to a bio-
logical information measuring device including a plurality of
the vaporization heat quantity measuring devices according
to any of the first to fourth aspects of the invention which
measure the quantity of heat of vaporization at different sites
on a living body as the measuring target, in which the bio-
logical information measuring device measures biological
information including at least a metabolic rate of the living
body, using the quantity of heat of vaporization measured at
each of the sites.

[0019] According to the fifth aspect of the invention, the
quantity ofheat of vaporization can be measured at a plurality
of sites of the living body and the metabolic rate of the living
body can be measured on the basis of the quantity of heat of
vaporization at each site.

[0020] A sixth aspect of the invention is directed to a bio-
logical information measuring device including: the vapor-
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ization heat quantity measuring device according to any of the
first to fourth aspects of the invention which measures the
quantity of heat of vaporization from a living body as the
measuring target; and a heat flow meter which measures a
heat flow generated on a surface of the living body, in which
the biological information measuring device measures bio-
logical information including at least a metabolic rate of the
living body, using the quantity of heat of vaporization mea-
sured by the vaporization heat quantity measuring device and
the heat flow measured by the heat flow meter.

[0021] According to the sixth aspect of the invention, the
metabolic rate of the living body can be measured on the basis
of the quantity of heat of vaporization from the living body
and the heat flow generated on the surface of the living body.
[0022] A seventh aspect of the invention is directed to an
electronic apparatus mounted on a skin surface at a predeter-
mined site of a user by having a band thereof wound on the
site, including: a contact thermometer which contacts the skin
surface and measures a first temperature of the skin surface; a
radiation thermometer which measures a second temperature
of the skin surface; and a computing unit which calculates a
quantity of heat of vaporization, using the first temperature
and the second temperature.

[0023] According to the seventh aspect of the invention, an
electronic apparatus having advantageous effects similar to
those of the first aspect can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0025] FIG.1isanexternal view showing an example of the
overall configuration of an electronic apparatus according to
a first embodiment.

[0026] FIG. 2 is a schematic view showing the positional
relation between a contact thermometer, a radiation ther-
mometer and a reflection mirror.

[0027] FIG.3isablock diagram showing an example of the
main functional configuration of the electronic apparatus
according to the first embodiment.

[0028] FIG.4isablock diagram schematically showing an
example of the internal configuration of a thermometer unit.
[0029] FIG. 5 is a flowchart showing the flow of vaporiza-
tion heat quantity computing processing according to the first
embodiment.

[0030] FIG. 6isablock diagram schematically showing an
example of the internal configuration of a thermometer unit
according to a modification.

[0031] FIG. 7 shows the result of an experiment.

[0032] FIG.8isablock diagram showing an example of the
main functional configuration of an electronic apparatus
according to a second embodiment.

[0033] FIG. 9 is a flowchart showing the flow of metabolic
rate computing processing according to the second embodi-
ment.

[0034] FIG. 10 is a block diagram showing an example of
the main functional configuration of an electronic apparatus
according to a third embodiment.

[0035] FIG.11is aflowchart showing the flow of metabolic
rate computing processing according to the third embodi-
ment.

[0036] FIG. 12 is a block diagram showing an example of
the main functional configuration of an electronic apparatus
according to a fourth embodiment.
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[0037] FIG. 13 is a flowchart showing the flow of metabolic
rate computing processing according to the fourth embodi-
ment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0038] Hereinafter, a form of embodiment for carrying out
the vaporization heat quantity measuring device and the like
according to the invention will be described. However, the
invention is not limited to the embodiment described below
and the form of embodiment to which the invention is appli-
cable is not limited to the embodiment below, either. In the
drawings, the same parts are denoted by the same reference
numbers.

First Embodiment

[0039] First, as a first embodiment, an electronic apparatus
which is mounted on a user and measures the quantity of heat
of vaporization due to perspiration (hereinafter also referred
to as “quantity of heat of perspiration vaporization”) If the
quantity of heat of perspiration vaporization is known, heat
dissipation to the outside from the body due to perspiration
canbe grasped. Heat dissipation from a human body is related
to human homeostasis such as thermoregulation, for
example. Therefore, knowing this is important for health
sciences and medicine.

[0040] FIG.1isanexternal view showing an example of the
overall configuration of an electronic apparatus 1 according
to the first embodiment. This electronic apparatus 1 is con-
figured as a wristwatch-type wearable apparatus. When in
use, the electronic apparatus 1 is mounted and fixed on the
skin surface by causing a band 20 provided on a main body
case 10 to be wound around the wrist of a user 100. The form
of mounting the apparatus is not limited to the mounting on
the skin surface of the wrist and the apparatus may also be
mounted on the skin surfaces of other sites such as the neck,
upper arm, ankle, chest, and trunk.

[0041] The electronic apparatus 1 has an operation switch
11 on a lateral side of the main body case 10, as an operation
input unit, and has a touch panel 12 which also functions as an
image display unit, on a face side of the main body case 10
(the side facing outward when the apparatus is mounted on
the user 100). The user 100 can input various operations such
as measurement start operation, using these components.
[0042] On a lateral side of the main body case 10, a com-
munication device 13 where a wire cable for communicating
with an external device can be attached and removed, and a
reader/writer 14 which implements reading data from and
writing data into a memory card 15. The main body case 10
also contains a rechargeable built-in battery 16, a control
board 17, a thermometer unit 30, and a heat flow meter 60.
[0043] The communication device 13 can be materialized
by a wireless communication module and an antenna, if it is
to have a configuration for performing wireless communica-
tion with an external device. The memory card 15 is a remov-
able non-volatile memory in which data is rewritable. As the
memory card 15, a rewritable non-volatile memory such as a
FeRAM (ferroelectric random access memory) or MRAM
(magnetoresistive random access memory) as well as flash
memory can be used.

[0044] The charging method for the built-in battery 16 can
be set suitably according to need. For example, an electrical
contact may be separately provided on the back side of the
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main body case 10, and the main body case 10 may be set in
a cradle connected to a household power supply so that the
built-in battery 16 can be electrified and charged via the
electrical contact and the cradle. Alternatively, contactless
wireless charging may be used.

[0045] The control board 17 is equipped with a CPU (cen-
tral processing unit) 171 and a storage medium 173 such as an
IC (integrated circuit) memory or hard disk. Also, necessary
electronic components such as an ASIC (application specific
integrated circuit) and various other integrated circuits can be
suitably installed according to need. The electronic apparatus
1 implements various functions such as vaporization heat
quantity measurement, by causing the CPU 171 to execute a
program stored in the storage medium 173.

[0046] The thermometer unit 30 is made up of a contact
thermometer 40 and a radiation thermometer 50. The contact
thermometer 40 is configured to contact the skin surface and
measure its contact temperature and is arranged on the back
side of the main body case 10 (the side which contacts the skin
surface when the apparatus is mounted on the user 100) in
such a way that a sensor surface 401 is exposed. Meanwhile,
the radiation thermometer 50 is configured to measure the
radiation temperature of the skin surface via the outside air
between the skin surface and the radiation thermometer 50
and is arranged in a suitable position inside the main body
case 10.

[0047] Here, the main body case 10 has a penetration hole
18 vertically penetrating the main body case 10 near the
position of arrangement of the radiation thermometer 50 and
opening to the external environment, and also has a reflection
mirror 19 arranged in the penetration hole 18. The reflection
mirror 19 is supported on the inner side of the penetration hole
18 by a support member 191 attached to the sidewall of the
penetration hole 18.

[0048] FIG. 2 is a schematic view showing the positional
relation between the contact thermometer 40, the radiation
thermometer 50 and the reflection mirror 19 on a skin surface
101 of the user 100 when the electronic apparatus 1 is
mounted. In FIG. 2, the outer shape of the main body case 10
on its cross section taken along A-A shown in FIG. 1 is
indicated by dashed lines. As shown in FIG. 2, the contact
thermometer 40 is installed in contact with the skin surface
101 as the electronic apparatus 1 is mounted. The radiation
thermometer 50 is arranged in such a way that its height from
the skin surface 101 coincides with the height ofthe reflection
mirror 19 when the electronic apparatus 1 is mounted. The
reflection mirror 19 guides infrared rays radiated from the
skin surface 101 to the radiation thermometer 50, as indicated
by chain-dotted lines with arrows.

[0049] Back to FIG. 1, the heat flow meter 60 is configured
to measurea heat flow generated on the skin surface 101 of the
user 100. The heat flow meter 60 detects the temperature
difference between the temperature on the back side of the
main body case 10 (the side of the skin surface 101) and the
temperature on the face side of the main body case 10 (the
external environment side) and measures a heat flow on the
basis of the detected heat flow. In the first embodiment, the
heat flow meter 60 is not an essential component. However,
with the electronic apparatus 1 having the configuration with
the heat flow meter 60, the measurement of a heat flow can be
carried out along with the measurement of the contact tem-
perature and the radiation temperature at the measuring site
(for example, wrist), which is the site where the electronic
apparatus 1 is mounted.
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[0050] Here, the principle of measuring the quantity of heat
of perspiration vaporization using the contact temperature
(first temperature) measured by the contact thermometer 40
and the radiation temperature (second temperature) measured
by the radiation thermometer 50 will be described. When
water evaporates by perspiration from the skin surface 101 of
the user 100 as a measuring target, heat of vaporization is
taken away and therefore the temperature of the skin surface
101 drops. However, as far as the part of the skin surface 101
in contact with the contact thermometer 40 is concerned,
since this part is not in contact with the outside air, water does
not evaporate and heat of vaporization is not taken away, and
therefore the temperature of the skin surface 101 does not
drop. That is, if the contact temperature measured by the
contact thermometer 40 is Ts and the radiation temperature
measured by the radiation thermometer 50 is Tr, the relation
between the contact temperature Ts and the radiation tem-
perature Tr expressed by the following equation (1) holds.

Ts>Tr (1)

[0051] The temperature difference between the contact
temperature Ts and the radiation temperature Tr is the tem-
perature difference generated as water evaporates and heat of
vaporization is taken away from the skin surface 101, and
therefore this temperature different is proportionate to the
quantity of heat of perspiration vaporization. The relation
between the temperature difference and the quantity ofheat of
perspiration vaporization can be expressed by the following
equation (2), where Q [W] is the quantity of heat of perspi-
ration vaporization per unit time and K is a predetermined
constant of proportionality.

O=K(I's-Tr) 2)

[0052] Therefore, the quantity of heat of perspiration
vaporization Q can be calculated, that is, measured on the
basis of the contact temperature Ts and the radiation tempera-
ture Tr, for example, according to the equation (2).

[0053] However, the method for measuring the quantity of
heat of perspiration vaporization is not limited to this. For
example, a true value of the quantity of heat of perspiration
vaporization is actually measured by a heat analyzer or the
like, and at the same time, the contact temperature and the
radiation temperature is measured so as to acquire the relation
between the quantity of heat of vaporization, and the contact
temperature and the radiation temperature, in advance. When
the electronic apparatus 1 is in use, the quantity of heat of
perspiration vaporization Q may be calculated by regression
analysis based on the contact temperature Ts measured by the
contact thermometer 40 and the radiation temperature Tr
measured by the radiation thermometer 50. In this case, the
quantity of heat of perspiration vaporization Q is calculated
on the basis of the linear sum of the contact temperature Ts
and the radiation temperature Tr according to the following
equation (3), where S and R are predetermined constants of
proportionality and D1 is a predetermined constant.

O=3xTs+RxTr+D1 (3)

[0054] Alternatively, the quantity of heat of perspiration
vaporization Q may be calculated by multiple regression
analysis based on the contact temperature Ts measured by the
contact thermometer 40 and the radiation temperature Tr
measured by the radiation thermometer 50. In this case, the
quantity of heat of perspiration vaporization Q is calculated
on the basis of the sum of squares of the contact temperature
Ts and the radiation temperature Tr according to the follow-
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ing equation (4), where S1, S2, R1 and R2 are predetermined
constants of proportionality and D2 is a predetermined con-
stant.

O=SIxTs5+S2x Ts2+R1x Tr+R2x T¥2+D2 4)

[0055] FIG.3isablock diagram showing an example of the
main functional configuration of the electronic apparatus 1
according to the first embodiment. FIG. 4 is a block diagram
schematically showing an example of the internal configura-
tion of the thermometer unit 30. As shown in FIG. 3, the
electronic apparatus 1 has the thermometer unit 30, an opera-
tion unit 71, a display unit 73, a communication unit 75, a
processing unit 77, and a storage unit 79.

[0056] The thermometer unit 30 has a contact-type tem-
perature measuring element 41, an amplifier 43, and an AD
converter 45, as the configuration of the contact thermometer
40, as shown in FIG. 4. The contact-type temperature mea-
suring element 41 is formed using a thermistor, thermocouple
or the like, for example. An output signal from the contact-
type temperature measuring element 41 is amplified by the
amplifier 43, then AD-converted by the AD converter 45, and
outputted as the contact temperature Ts to the processing unit
77 at all times.

[0057] The thermometer unit 30 also has an infrared con-
densing lens 51, a radiation temperature measuring element
53, amplifier 55, and an AD converter 57, as the configuration
of the radiation thermometer 50. The infrared condensing
lens 51 condenses infrared rays from the skin surface 101 and
makes the condensed infrared rays incident on the radiation
temperature measuring element 53. Although not illustrated
in FIG. 4, the reflection mirror 19 shown in FIG. 1 and the like
is suitably arranged according to need, between the infrared
condensing lens 51 and the skin surface 101. In this case, the
infrared condensing lens 51 is arranged on the optical path of
the infrared rays bent by the reflection mirror 19. The radia-
tion temperature measuring element 53 is formed using a
thermopile, for example, and detects the intensity of the infra-
red rays incident thereon via the infrared condensing lens 51.
An output signal from the radiation temperature measuring
element 53 is amplified by the amplifier 55, then AD-con-
verted by the AD converter 57, and outputted as the radiation
temperature Tr to the processing unit 77 at all times.

[0058] The operation unit 71 is materialized by various
switches such as a button switch, lever switch and dial switch,
and an input device such as a touch panel, and outputs an
operation signal corresponding to an operation input to the
processing unit 77. For example, the operation switch 11 and
the touch panel 12 shown in FIG. 1 are equivalent to these.
[0059] The display unit 73 is materialized by a display
device such as an LCD (liquid crystal display) or EL (elec-
troluminescence display). and displays various screens based
on display signals inputted from the processing unit 77. In
FIG. 1, the touch panel 12 is equivalent to this. On the display
unit 73, the results of measuring the quantity of heat of per-
spiration vaporization and the like are displayed. For
example, the results of measuring the quantity of heat of
perspiration vaporization are displayed in the form of a cur-
rent vaporization heat quantity display screen, or a heat
vaporization heat quantity display screen showing changes in
the quantity of heat of perspiration vaporization as a graph
based on past logging data, or the like, in response to a display
mode switch operation on the operation unit 71.

[0060] The communication unit 75 is a communication
device for transmitting and receiving information used inside
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the device to and from an external information processing
device, under the control of the processing unit 77. The com-
munication device 13 in FIG. 1 is equivalent to this. As the
communication method of the communication unit 75, vari-
ous methods can be used, such as wired connection via a cable
conforming to a predetermined communication standard,
connection via an intermediate device which also functions as
acharger, called cradle, or wireless connection utilizing wire-
less communication.

[0061] The processing unit 77 is a control device and com-
puting device which centrally controls each part of the elec-
tronic apparatus 1, and is materialized by a microprocessor
such as a CPU (central processing unit) or GPU (graphic
processing unit), and an ASIC (application specific integrated
(integrated circuit) memory or the like. In FIG. 1, the CPU
171 on the control board 17 is equivalent to this. The process-
ing unit 77 includes a vaporization heat quantity calculating
unit 771 which calculates the quantity of heat of perspiration
vaporization, using the contact temperature Ts inputted form
the contact thermometer 40 and the radiation temperature Tr
inputted from the radiation thermometer 50.

[0062] The storage unit 79 is materialized by a storage
medium including various IC memories such as a ROM (read
only memory), flash ROM, and RAM (random access
memory), and a hard disk or the like, and suitably includes a
device for reading and writing data according to need. In FIG.
1, the storage medium 173 on the control board 17, the
memory card 15, and the reader/writer 14 are equivalent to
this. In the storage unit 79, a program for implement various
functions provided in the electronic apparatus 1 and data or
the like used during execution of the program are stored in
advance, or temporarily stored every time processing is pet-
formed. In the storage unit 79, a first measurement program
791 for causing the processing unit 77 to function as the
vaporization heat quantity calculating unit 771 and executing
vaporization heat quantity measurement processing is stored
as well.

[0063] FIG. 5 is flowchart showing the flow of the vapor-
ization heat quantity measurement processing according to
the first embodiment. The processing described here can be
implemented by the processing unit 77 reading and executing
the first measurement program 791 from the storage unit 79.
[0064] Inthis vaporization heat quantity measurement pro-
cessing, the vaporization heat quantity calculating unit 771
first acquires the contact temperature Ts from the contact
thermometer 40 (Step S11) and acquires the radiation tem-
perature Tr from the radiation thermometer 50 (step S13).
[0065] Then, the vaporization heat quantity calculating unit
771 executes computing processing of substituting the con-
tact temperature Ts acquired in Step S11 and the radiation
temperature Tr acquired in Step S13 in the equation (2) and
thus calculating the quantity of heat of perspiration vaporiza-
tion Q, as vaporization heat quantity computing processing
(Step S15). Computing processing using the equation (3) or
the equation (4) or the like to calculate the quantity of heat of
perspiration vaporization Q may be executed as vaporization
heat quantity computing processing. The quantity of heat of
perspiration vaporization Q calculated here is displayed on
the display unit 73 according to need.

[0066] As described above, according to the first embodi-
ment, the quantity of heat of perspiration vaporization can be
calculated using the contact temperature and the radiation
temperature measured as the temperature of the skin surface
of the user 100, and the quantity of heat of perspiration
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vaporization from the user 100 can be measured. Thus, even
in environments where perspiration occurs, for example, at
the time of exercise or in a hot environment or the like, the
quantity of heat of perspiration vaporization can be measured
accurately.

[0067] Inthe first embodiment, the case where the measur-
ing target is a human body whose quantity of heat of perspi-
ration vaporization is measured is described. However, the
technique can similarly applied to the case where the mea-
suring target is other animals than human and where the
quantity of heat of vaporization due to perspiration of the
animals is measured, or the case where the measuring target is
an object which generates heat of vaporization (for example,
a vegetable or fruit) and where the quantity of heat of vapor-
ization from the object is measured.

[0068] The internal configuration of the thermometer unit
30 is not limited to the configuration shown in FIG. 4. F1G. 6
is a block diagram schematically showing an example of the
internal configuration of a thermometer unit 30a according to
a modification. In FIG. 6, the same components as in the
configuration of FIG. 4 are denoted by the same reference
numbers. The thermometer unit 30a shown in FIG. 6 has a
differential amplifier 31a which performs differential ampli-
fication of the contact temperature T's and the radiation tem-
perature Tr, and an AD converter 33a, subsequent to the
amplifiers 43, 55. The temperature difference between the
contact temperature Ts and the radiation temperature Tr is
outputted to the processing unit 77 at all times. In the case
where the configuration of the thermometer unit 30a accord-
ing to this modification is employed, the vaporization heat
quantity calculating unit 771 of the processing unit 77 per-
forms, for example, computing processing of multiplying the
temperature difference between the contact temperature Ts
and the radiation temperature Tr inputted form the thermom-
eter unit 30a by the constant of proportionality K in the
equation (2), as vaporization heat quantity computing pro-
cessing, and thus calculates the quantity of heat of perspira-
tion vaporization Q.

[0069] Meanwhile, the measurement of the quantity of heat
of perspiration vaporization according to the first embodi-
ment is configured on the assumption that a temperature
difference occurs between the contact temperature and the
radiation temperature of the skin surface due to perspiration
(more specifically, the radiation temperature is lower than the
contact temperature). In order to confirm this assumption, an
experiment to prove that a temperature difference occurs
between the contact temperature and the radiation tempera-
ture due to the heat of vaporization being taken away from the
surface of a measuring target is carried out. In the experiment,
a thermostatic chamber is prepared as a heat source and a
nonwoven fabric impregnated with water is used as a mea-
suring target. Specifically, while the nonwoven fabric is
heated stepwise (for example, by 2[° C.] each) within the
range of 37.0[° C.] to 45.0[° C.] by controlling the tempera-
ture of the thermostatic chamber, the contact thermometer is
brought in contact with a part of the nonwoven fabric and the
contact temperature is thus measured, and at the same time,
the surface temperature of the nonwoven fabric is remotely
measured as the radiation temperature, using thermography.
[0070] FIG. 7 shows the results of the experiment. In FIG.
7, change in the contact temperature and change in the radia-
tion temperature measured with each temperature of the ther-
mostatic chamber are shown, and the temperature difference
between the contact temperature and the radiation tempera-
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ture measured with each temperature of the thermostatic
chamber (contact temperature-radiation temperature) is
shown as well. As shown by the results of the experiment in
FIG. 7, this experiment successfully confirms that a tempera-
ture difference occurs between the contact temperature and
the radiation temperature due to the evaporation of water from
the surface of the measuring target and that the radiation
temperature is lower than the contact temperature. Also,
though not illustrated, it is successfully confirmed from the
distribution of the radiation temperature on the surface of the
nonwoven fabric obtained by thermography that the tempera-
ture at the site of contact of the contact temperature is higher
than in the other areas.

Second Embodiment

[0071] Next, asecond embodiment will be described. Inthe
second embodiment, the metabolic rate due to perspiration of
the user 100 is measured, using the quantity of heat of per-
spiration vaporization found in the first embodiment. In the
description below, the same components as in the configura-
tion of the first embodiment are denoted by the same refer-
ence numbers.

[0072] Ifthe quantity ofheat of perspiration vaporization is
expressed by Qsw, the metabolic rate due to perspiration Csw
can be found by multiplying the quantity of heat of perspira-
tion vaporization Qsw by a predetermined constant of pro-
portionality Ka, as expressed by the following equation (5).

Csw=KaxQsw (5)

[0073] Theconstant of proportionality Ka varies depending
on the site for measuring the quantity of heat of perspiration
vaporization and its surface area, and also depending on the
measuring conditions such as the weight, height, age and
gender of the user 100. The degree of perspiration (quantity of
perspiration) varies from one part to another of the entire
body and also changes according to the weight or the like of
the user 100. Thus, parent sets in which the measuring con-
ditions such as weight are different are selected, for example.
Then, the quantity of heat of perspiration vaporization is
measured by the method according to the first embodiment,
for example, and at the same time, the true value of the
metabolic rate is actually measured by a respiratory gas ana-
lyzer. Based on this statistical value, the constant of propor-
tionality Ka is found for each parent set. Thus, the constant of
proportionality Ka corresponding to the measuring condi-
tions is set in advance. When an electronic apparatus 15 (see
FIG. 8) is in use, an input operation to input each measuring
condition item such as weight by the user 100 is accepted at
the beginning, and the constant of proportionality Ka to be
used for the calculation of the metabolic rate due to perspi-
ration Csw 1is decided on the basis of the inputted value of
each measuring condition item. Measurement is carried out
subsequently.

[0074] FIG. 8is ablock diagram showing an example of the
main functional configuration of the electronic apparatus 15
according to the second embodiment. As shown in F1G. 8, the
electronic apparatus 15 has a thermometer unit 30, an opera-
tion unit 71, a display unit 73, a communication unit 75, a
processing unit 77, and a storage unit 795.

[0075] Inthe second embodiment, the processing unit 775
includes a vaporization heat quantity calculating unit 771,
and a metabolic rate calculating unit 7726 which calculates
the metabolic rate due to perspiration, using the quantity of
heat of perspiration vaporization. In the storage unit 795, a
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second measurement program 7915 for causing the process-
ing unit 77 to function as the vaporization heat quantity
calculating unit 771 and the metabolic rate calculating unit
772b and execute metabolic rate measurement processing is
stored.

[0076] FIG.9 is a flowchart showing the flow of the meta-
bolic rate measurement processing according to the second
embodiment. The processing described here can be imple-
mented by the processing unit 775 reading and executing the
second measurement program 79156 from the storage unit
794. In FIG. 9, the same steps as in the first embodiment are
denoted by the same reference numbers.

[0077] In this metabolic rate measurement processing, fol-
lowing Step S15, the metabolic rate calculating unit 7725
substitutes the quantity of heat of perspiration vaporization Q
calculated in Step S15 as Qsw in the equation (5) and thus
calculates the metabolic rate due to perspiration Csw (Step
S17). The metabolic rate due to perspiration Csw calculated
here is displayed on the display unit 73 together with the
quantity of heat of perspiration vaporization Q (Qsw) accord-
ing to need.

[0078] As described above, according to the second
embodiment, the metabolic rate dueto perspiration of the user
100 can be measured, using the quantity of heat of perspira-
tion vaporization found by measuring the contact temperature
and the radiation temperature of the skin surface of the user
100.

Third Embodiment

[0079] Next, a third embodiment will be described. In the
description below, the same components as in the configura-
tion according to the second embodiment are denoted by the
same reference numbers.

[0080] Inthesecond embodiment, the metabolic rate due to
perspiration is found on the basis of the quantity of heat of
perspiration vaporization measured at one measuring site.
However, if the quantity of heat of perspiration vaporization
is measured at different measuring sites on the user 100, the
metabolic rate due to perspiration can be measured with
higher accuracy. The metabolic rate due to perspiration Csw
in this case is expressed by the following equation (6).

Csw=Kb1xQOswl+Kb2xOsw2+. .. +KbnxQswn (6)

[0081] Here, in the equation (6), Qswl, Qsw2, ..., Qswn
represent the quantities of heat of perspiration vaporization
Qsw atthe measuring sites identified by the added numbers 1,
2,...,n.Also,Kbl,Kb2, ..., Kbn represent predetermined
constants of proportionality set in advance for the respective
measuring sites identified by the added numbers 1, 2, .. ., n.
The reason for setting the constants of proportionality Kbl,
Kb2, ..., Kbn for the respective measuring sites is that the
degree of perspiration varies from one site to another on the
entire body and also changes according to the surface area or
the like of the measuring site. For example, the quantity of
heat of perspiration vaporization is measured at each measur-
ing site by the method according to the first embodiment, and
at the same time, the true value of the metabolic rate is
actually measured by a respiratory gas analyzer. Then, mul-
tivariate analysis such as multiple regression analysis is per-
formed, thus finding and setting the constants of proportion-
ality Kb1, Kb2, . .., Kbn.

[0082] FIG. 10 is a block diagram showing an example of
the main functional configuration of an electronic apparatus
1¢ according to the third embodiment. As shown in FIG. 10,
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the electronic apparatus 1c has a plurality of thermometer
units 30 (30-1, 2, .. ., n), an operation unit 71, a display unit
73, a communication unit 75, a processing unit 77¢, and a
storage unit 79¢.

[0083] The plurality of thermometer units 30 (301, 2, . . .,
n) are mounted at different measuring sites on the user 100
and measure the contact temperature Ts and the radiation
temperature Tr on the skin surface. The configuration of each
individual thermometer unit 30 can be formed similarly to the
configuration described in the first embodiment. As a specific
method for materialization, for example, apart from the elec-
tronic apparatus 1¢ having one thermometer unit 30 similarly
to the apparatus shown in FIG. 1, one or a plurality of mea-
suring apparatuses, each having a main body case with a
thermometer unit 30, a reflection mirror 19, a communication
device 13, a reader/writer 14 or the like similarly arranged
therein and having a band provided thereon, are prepared and
these are mounted and fixed at target measuring sites in such
a direction that the contact temperature 40 contacts the skin
surface. In this case, each of the plurality of thermometer
units 30, with a vaporization heat quantity calculating unit
771¢, forms a vaporization heat quantity measuring device.
The exchange of the results of measurement between the
individual apparatuses may be carried out via the communi-
cation device 13 and the reader/writer 14.

[0084] Theprocessing unit 77¢ includes a vaporization heat
quantity calculating unit 771¢ and a metabolic rate calculat-
ing unit 772¢. In the storage unit 79¢, a third measurement
program 791¢ is stored.

[0085] FIG. 11 is a flowchart showing the flow of the meta-
bolic rate measurement processing according to the third
embodiment. The processing described here can be imple-
mented by the processing unit 77¢ reading and executing the
third measurement program 791c¢ from the storage unit 79¢.
[0086] In the metabolic rate measurement processing
according to the third embodiment, first, the vaporization heat
quantity calculating unit 771¢ acquires the contact tempera-
ture Ts measured by each contact thermometer 40 at each
measuring site (Step S201) and also acquires the radiation
temperature Tr measured by eachradiation thermometer 50 at
each measuring site (Step S203).

[0087] Subsequently. the vaporization heat quantity calcu-
lating unit 771¢ executes processing of loop B, sequentially
taking the measuring sites where the respective thermometer
units 30 are installed, as processing target sites (Step S205 to
Step S209). That is, in the loop B, the vaporization heat
quantity calculating unit 771¢ calculates the quantity of heat
of perspiration vaporization Q at the processing target site, for
example, according to the equation (2) using the contact
temperature Ts and the radiation temperature Tr acquired
from the contact thermometer 40 and the radiation thermom-
eter 50 at the processing target site in Step S201 and Step
S203 (Step S207).

[0088] Then, after the quantities of heat of perspiration
vaporization Q at all the measuring sites are calculated, the
metabolic rate calculating unit 772¢ substitutes the quantity
of heat of perspiration vaporization Q at each measuring site
calculated in Step S207, as Qswl, Qsw2, . .., Qswn in the
equation (6) and thus calculates the metabolic rate due to
perspiration Csw (Step S211). The metabolic rate due to
perspiration Csw calculated here is displayed on the display
unit 73 together with the quantity of heat of perspiration
vaporization Q (Qsw1, Qsw2, . . ., Qswn) at each measuring
site according to need.
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[0089] As described above, according to the third embodi-
ment, the quantity of heat of perspiration vaporization is
measured at different measuring sites on the user 100, and the
metabolic rate to due perspiration can be calculated from the
quantity of heat of perspiration vaporization at each measur-
ing site. Therefore, the accuracy of measurement of the meta-
bolic rate due to perspiration of the user 100 is improved.

Fourth Embodiment

[0090] Next, a fourth embodiment will be described. In the
fourth embodiment, the metabolic rate due to heat flow is
calculated apart from the metabolic rate due to perspiration,
and the total metabolic rate of the user 100 is measured. In the
description below, the same components as in the configura-
tion according to the third embodiment are denoted by the
same reference numbers.

[0091] Heat dissipation from a human body includes heat
dissipation generated by the perspiration function (evapora-
tive heat loss) and heat dissipation due to heat transfer (con-
vection), radiation of electromagnetic waves, and the like
(non-evaporative heat loss). Therefore, the metabolic rate can
be measured with higher accuracy by taking both into
account.

[0092] Theheat dissipation from a human body due to heat
transfer and the like can be measured as a heat flow generated
on the skin surface of the user 100. For example, in the case of
measuring the heat flow at a plurality of measuring sites, the
metabolic rate due to heat flow Cc can be found by the
following equation (7).

Ce=L1xQcl+L2xQc2+ . .. +LnxQcn (7

[0093] Here, in the equation (7), Qcl, Qet, . . ., Qen rep-
resent the heat flows Qc identified by the added numbers 1, 2,
...,n.L1,L2, ..., Lonrepresent constants of proportionality
set in advance for the respective measuring sites identified by
the added numbers 1, 2, . . ., n. The reason for setting the
constants of proportionality L1, L2, . .., Ln for the respective
measuring sites is that the heat dissipation from the human
body due to heat transfer is not uniform at each site on the
entire body and also varies depending on the area of the
measuring site and the like. For example, the true value of the
metabolic rate is actually measured by a respiratory gas ana-
lyzer, and at the same time, the heat flow at each measuring
site is measured. Then, multivariate analysis such as multiple
regression analysis is performed. The constants of propor-
tionality L1, L2, .. ., Ln are thus found and set.

[0094] The total metabolic rate C can be found by the
following equation (8) based on the metabolic rate due to
perspiration Csw and the metabolic rate due to heat flow Cc.
In the equation (8), Asw and Ac are predetermined constants
of proportionality.

C=AswCsw+dcCe (8

[0095] FIG. 12 is a block diagram showing an example of
the main functional configuration of an electronic apparatus
1d according to the fourth embodiment. As shown in FI1G. 12,
the electronic apparatus 1d has a plurality of thermometer
units 30 (30-1, 2, . . ., n), a plurality of heat flow meters 60
(60-1, 2, .. ., n), an operation unit 71, a display unit 73, a
communication unit 75, a processing unit 774, and a storage
unit 794.

[0096] The plurality of thermometer units 30 (30-1,2, .. .,
n) measure the contact temperature Ts and the radiation tem-
perature Tr of the skin surface at different measuring sites on
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the user 100. Meanwhile, the plurality of heat flow meters 60
(60-1,2, . ... n) measure the heat flows Qcl, Qc2, .. ., Qcn
generated on the skin surface at different measuring sites on
the user 100. As a specific method for implementation, for
example, the electronic apparatus 14 having one thermometer
unit 30 as in the configuration described in FIG. 1 and having
one heat flow meter 60, and one or a plurality of measuring
apparatuses configured as described in the third embodiment
and also having a heat flow meters 60, are prepared, and these
apparatuses are mounted and fixed at the target measuring
sites in such a direction that the contact thermometer 40
contacts the skin surface. However, this is not limiting and the
thermometer unit 30 and the heat flow meter 60 may be
separate units, for example.

[0097] The processing unit 77d includes a vaporization
heat quantity calculating unit 771¢ and a metabolic rate cal-
culating unit 7724. The metabolic rate calculating unit 7724
includes a first metabolic rate calculating unit 7734 which
calculates the metabolic rate due to perspiration, and a second
metabolic rate calculating unit 774d which calculates the
metabolic rate to heat flow, using the heat flows Qc1, Qc2, ..
., Qen inputted from the heat flow meters 60 at the respective
measuring sites. The metabolic rate calculating unit 7724 thus
calculates the total metabolic rate based on the metabolic rate
due to perspiration and the metabolic rate due to heat flow. In
the storage unit 794, a fourth measurement program 791d is
stored.

[0098] FIG. 13 is a flowchart showing the flow of the meta-
bolic rate calculation processing according to the fourth
embodiment. The processing described here can be imple-
mented by the processing unit 774 reading and executing the
fourth measurement program 791d from the storage unit 79d.
In FIG. 13, the same steps as in the third embodiment are
denoted by the same reference numbers.

[0099] Inthe metabolic rate calculation processing accord-
ing to the fourth embodiment, after Step S203, the metabolic
rate calculating unit 7724 acquires the heat flows Qcl, Qc2, .
.., Qen from the plurality of heat flow meters 60 (step S204).
[0100] After the processing of loop B, the first metabolic
rate calculating unit 7734 calculates the metabolic rate due to
perspiration Csw according to the equation (6) (Step S211).
Subsequently, the second metabolic rate calculating unit
774d substitutes the heat flows Qcl, Qc2, . . ., Qcn at the
respective measuring sites acquired in Step S204, in the equa-
tion (7), and thus calculates the metabolic rate due to heat flow
Cc (step S213). Then, the metabolic rate calculating unit 7724
substitutes the metabolic rate due to perspiration Csw calcu-
lated in Step S211 and the metabolic rate due to heat flow Cc
calculated in Step S213, in the equation (8), and thus calcu-
lates the total metabolic rate C (Step S215). The total meta-
bolic rate C calculated here is displayed on the display unit 73
together with the quantities of heat of perspiration vaporiza-
tion Q (Qswl, Qsw2, . . .. Qswn) at the respective measuring
sites calculated in Step S207, the metabolic rate due to per-
spiration Csw and the metabolic rate due to heat flow Cc,
according to need.

[0101] Asdescribed above, according to the fourth embodi-
ment, the heat flow generated in the skin surface is measured
at different measuring sites on the user 100, and the metabolic
rate due to heat flow of the user 100 can be calculated. Then,
the total metabolic rate can be calculated on the basis of the
metabolic rate due to perspiration and the metabolic rate due
to heat flow. Thus, the total metabolic rate can be found,
taking into account not only the heat dissipated as heat of
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vaporization from the skin surface due to perspiration but also
the heat dissipated from the skin surface due to heat transfer
orthelike. Therefore, the metabolic rate of the user 100 can be
measured with higher accuracy.

[0102] While the case of measuring the quantity of heat of
perspiration vaporization and the heat flow at a plurality of
measuring sites is described in the fourth embodiment, a
single measuring site may be used. That is, the metabolic rate
due to perspiration may be found on the basis of the quantity
of heat of perspiration vaporization measured at a single
measuring site, and the metabolic rate due to heat flow may be
found on the basis of the heat flow measured at a single
measuring site, so as to calculate the total metabolic rate.
[0103] In the embodiments, the measurement of the quan-
tity of heat of perspiration vaporization, and the measurement
of the metabolic rate using the quantity of heat of perspiration
vaporization and the heat flow are described. However, it is
also possible to measure biological information other than
metabolic rate, for example, to find the calories burned, using
the quantity of heat of perspiration vaporization and the heat
flow, or to measure the functions of autonomic nerves of the
human body.

What is claimed is:
1. A vaporization heat quantity measuring device compris-
ing:
a contact thermometer which contacts a surface of a mea-
suring target and measures a first temperature of the
surface;

a radiation thermometer which measures a second tem-
perature of the surface of the measuring object; and

a computing unit which calculates a quantity of heat of
vaporization, using the first temperature and the second
temperature.

2. The vaporization heat quantity measuring device accord-
ing to claim 1, wherein the computing unit executes prede-
termined vaporization heat quantity computing processing in
which the first temperature and the second temperature are
variables, and thus calculates the quantity of heat of vapor-
ization.

3. The vaporization heat quantity measuring device accord-
ing to claim 2, wherein the computing unit executes comput-
ing processing in which the quantity of heat of vaporization is
calculated on the basis of a linear sum of the first temperature
and the second temperature, as the vaporization heat quantity
computing processing.

4. The vaporization heat quantity measuring device accord-
ing to claim 2, wherein the computing unit executes comput-
ing processing in which the quantity of heat of vaporization is
calculated on the basis of a sum of squares of the first tem-
perature and the second temperature, as the vaporization heat
quantity computing processing.

5. A biological information measuring device comprising a
plurality of the vaporization heat quantity measuring devices
according to claim 1 which measure the quantity of heat of
vaporization at different sites on a living body as the measur-
ing target,

wherein the biological information measuring device mea-

sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured at each of the sites.

6. A biological information measuring device comprising a
plurality of the vaporization heat quantity measuring devices
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according to claim 2 which measure the quantity of heat of
vaporization at different sites on a living body as the measur-
ing target,

wherein the biological information measuring device mea-

sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured at each of the sites.

7. A biological information measuring device comprising a
plurality of the vaporization heat quantity measuring devices
according to claim 3 which measure the quantity of heat of
vaporization at different sites on a living body as the measur-
ing target,

wherein the biological information measuring device mea-

sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured at each of the sites.

8. A biological information measuring device comprising a
plurality of the vaporization heat quantity measuring devices
according to claim 4 which measure the quantity of heat of
vaporization at different sites on a living body as the measur-
ing target,

wherein the biological information measuring device mea-

sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured at each of the sites.
9. A biological information measuring device comprising:
the vaporization heat quantity measuring device according
to claim 1 which measures the quantity of heat of vapor-
ization from a living body as the measuring target; and

aheat flow meter which measures a heat flow generated on
a surface of the living body;

wherein the biological information measuring device mea-
sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured by the vaporization heat quantity
measuring device and the heat flow measured by the heat
flow meter.
10. A biological information measuring device compris-
ing:
the vaporization heat quantity measuring device according
to claim 2 which measures the quantity of heat of vapor-
ization from a living body as the measuring target; and

aheat flow meter which measures a heat flow generated on
a surface of the living body;

wherein the biological information measuring device mea-
sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured by the vaporization heat quantity
measuring device and the heat flow measured by the heat
flow meter.

11. A biological information measuring device compris-
ing:

the vaporization heat quantity measuring device according

to claim 3 which measures the quantity of heat of vapor-
ization from a living body as the measuring target; and
a heat flow meter which measures a heat flow generated on
a surface of the living body;

wherein the biological information measuring device mea-
sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured by the vaporization heat quantity
measuring device and theheat flow measured by the heat
flow meter.
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12. A biological information measuring device compris-
ing:
the vaporization heat quantity measuring device according
to claim 4 which measures the quantity of heat of vapor-
ization from a living body as the measuring target; and

aheat flow meter which measures a heat flow generated on
a surface of the living body;

wherein the biological information measuring device mea-
sures biological information including at least a meta-
bolic rate of the living body, using the quantity of heat of
vaporization measured by the vaporization heat quantity
measuring device and the heat flow measured by the heat
flow meter.

13. An electronic apparatus mounted on a skin surface at a
predetermined site of a user by having a band thereof wound
on the site, the electronic apparatus comprising:

a contact thermomnieter which contacts the skin surface and

measures a first temperature of the skin surface;

a radiation thermometer which measures a second tem-

perature of the skin surface; and

a computing unit which calculates a quantity of heat of

vaporization, using the first temperature and the second
temperature.
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