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(54) HEAT FLOW MEASURING APPARATUS AND METABOLISM MEASURING APPARATUS

(57) A ring type heat flow measuring apparatus has
a heat receiving section that comes into contact with a
measurement target and receives heat and releases heat
through transferring from a first heat diffusing member,
a heat transfer layer, a second heat diffusing member,
and a heat releasing section in this order. A first temper-
ature sensor measures a temperature of the first heat
diffusing member, a second temperature sensor meas-
ures a temperature of the second heat diffusing member,
and heat flow is calculated using these temperatures.
Heat diffusing effects of the first heat diffusing member
and the second heat diffusing member enable highly ac-
curate temperature measurement to be stably performed
regardless of relative positions between an arterial blood
vessel as a heat source and the first temperature sensor
and the second temperature sensor.
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Description

BACKGROUND

1. Technical Field

[0001] The present invention relates to a heat flow measuring apparatus which measures heat flow or the like.

2. Related Art

[0002] Measurement of a temperature or heat flow is important for estimating the state of a measurement target.
[0003] For example, it is possible to check health through continuous monitoring of a body temperature over a long
period of time or it is possible to check biological rhythm, functions of metabolism and autonomic nerves, or the like
through measuring heat flow released from the trunk of a body or extremities.
[0004] As a known technology related to the measurement of the body temperature, there is a technology in which,
for example, two temperature sensors adhere to a measurement target such that the body temperature is measured,
and correction is performed using a difference between values from the measurement positions such that accurate
measurement is realized (for example, see JP-A-2014-55963), or a technology in which strong adhesion of the temper-
ature sensor to skin enables accuracy of measurement to be enhanced (for example, see JP-T-2007-530154).
[0005] In addition, as a known technology related to measurement of heat flow, there is a technology in which heat
released from skin is guided to a heat flux sensor through a heat pipe (for example, see JP-T-2004-532065), or a
technology in which an electric heater is provided around a probe that measures a skin’s surface temperature and heat
distribution from the skin’s surface is compensated such that accuracy of measurement is enhanced (for example, see
JP-A-2002-202205).
[0006] A representative example of a heat source in a living body such as a human body includes an arterial blood
vessel; however, to be more exact, positions of the arterial blood vessels are different for each individual. Accordingly,
measured temperatures can be different based on positional relationships between a heat source and a temperature
sensor.
[0007] As a method of compensating for a measurement difference based on the positional relationship, for example,
it has been concerned to mount more temperature sensors and employ an average value obtained therefrom. However,
the method is not preferable in terms of manufacturing costs or an increased size of a measurement apparatus. Partic-
ularly, in recent years, there is high demand for performing monitoring over a long period of time in a state in which the
measurement apparatus is worn such that the increased size of the measurement apparatus is not preferable in terms
of wearability or usability.

SUMMARY

[0008] An advantage of some aspects of the invention is to provide a technology in which it is possible to compensate
for a difference in a measured temperature due to a positional relationship between a heat source and a temperature
sensor.
[0009] A first aspect of the invention is directed to a heat flow measuring apparatus including: a first heat diffusing
member; a first temperature sensor that is thermally connected to the first heat diffusing member; a second heat diffusing
member; a second temperature sensor that is thermally connected to the second heat diffusing member; and a heat
transfer layer that is disposed between the first heat diffusing member and the second heat diffusing member.
[0010] According to the first aspect, in a configuration in which heat flow is measured using the transfer of heat from
the first heat diffusing member to the second heat diffusing member through the heat transfer layer or reverse transfer,
the heat diffusing effects cause the temperature of the first heat diffusing member or the second heat diffusing member
to be uniform even when positional irregularity occurs in transferring heat to the first heat diffusing member or to the
second heat diffusing member. Therefore, it is possible to perform temperature measurement and heat flow measurement
without the influence of the positional relationship between a heat source and the first temperature sensor or a positional
relationship between the heat source and the second temperature sensor.
[0011] A second aspect of the invention is directed to the heat flow measuring apparatus according to the first aspect,
in which the thermal conductivity of the first heat diffusing member is higher than the thermal conductivity of the heat
transfer layer, and the thermal conductivity of the second heat diffusing member is higher than the thermal conductivity
of the heat transfer layer.
[0012] According to the second aspect, it is possible to ensure a sufficient period of time to maintain uniform temperature
due to the heat diffusing effect of the first heat diffusing member until transfer is performed from the first heat diffusing
member to the second heat diffusing member. Thus, irregular transferring is suppressed from the first heat diffusing



EP 2 995 247 A1

3

5

10

15

20

25

30

35

40

45

50

55

member to the second heat diffusing member and further, the measurement is unlikely to be influenced by the relative
positional relationship between the heat source and the temperature sensor.
[0013] As a third aspect of the invention, it is preferable that the heat flow measuring apparatus according to the first
or second aspect is configured such that the thermal conductivity of the first heat diffusing member and the thermal
conductivity of the second heat diffusing member are 100 (W/(m-K)) or more and the thermal conductivity of the heat
transfer layer is 0.3 (W/(m·K)) to 100 (W/(m·K)).
[0014] When the heat flow measuring apparatus is configured in a structure in which an outer circumference of ex-
tremities of the measurement target (for example, a finger) like a finger ring, the heat flow measuring apparatus according
to any one of the first to third aspects in which the first heat diffusing member has a heat receiving area which is in
contact with a measurement target and is 204 (mm2) to 690 (mm2) can be configured.
[0015] According to this fourth aspect, since an annular shape which is properly fitted as a knuckle ring depending on
various sizes of fingers is formed such that the apparatus is good in terms of wearability and usability. Thus, the ring is
considered appropriate for a method in which the monitoring over a long period of time is assumed.
[0016] A fifth aspect of the invention is directed to the heat flow measuring apparatus according to any one of the first
to fourth aspects, in which the maximum temperature gradient of the first heat diffusing member is larger than the
maximum temperature gradient of the heat transfer layer and the maximum temperature gradient of the second heat
diffusing member is larger than the maximum temperature gradient of the heat transfer layer.
[0017] According to the fifth aspect, the measurement is further unlikely to be influenced by the relative positional
relationship between the heat source and the temperature sensor.
[0018] A sixth aspect of the invention is directed to the heat flow measuring apparatus according to any one of the
first to fifth aspects, in which the first heat diffusing member has a first curved surface, the second heat diffusing member
has a second curved surface, and the heat transfer layer is interposed between the first curved surface and the second
curved surface.
[0019] According to the sixth aspect, the ring is preferred in a case where the measurement target has a curved
appearance, such as a human body.
[0020] A seventh aspect of the invention is directed to the heat flow measuring apparatus according to any one of the
first to sixth aspects, in which the heat flow measuring apparatus further includes: a third heat diffusing member, and a
third temperature sensor that is thermally connected to the third heat diffusing member, and the third heat diffusing
member and the third temperature sensor are disposed in the heat transfer layer.
[0021] According to the seventh aspect, since all of the heat diffusing effects can be enhanced, an influence of the
relative positions of the heat source and the temperature sensor on measurement accuracy can be still further reduced.
[0022] An eighth aspect of the invention is directed to the heat flow measuring apparatus according to any one of the
first to seventh aspects, in which the second heat diffusing member has a third curved surface which is a surface opposite
to the second curved surface, and a protective section that has an opening on the third curved surface side may be
further provided.
[0023] According to the eighth aspect, heat releasability from the second heat diffusing member is secured and thus,
it is possible to form a structure in which another object is unlikely to come into contact with the second heat diffusing
member.
[0024] A ninth aspect of the invention is directed to the heat flow measuring apparatus according to the eighth aspect,
in which thermal conductivity of the protective section is lower than the thermal conductivity of the heat transfer layer.
[0025] According to the ninth aspect, even in a case where an object other than the measurement target comes into
contact with the protective section, there can be a low amount of influence on the measurement.
[0026] A tenth aspect of the invention is directed to a metabolism measuring apparatus including: the heat flow meas-
uring apparatus according to any one of the first to ninth aspects; and a computing apparatus that estimates a metabolic
rate based on the measurement results by the heat flow measuring apparatus.
[0027] According to the tenth aspect, it is possible to estimate metabolic rate based on highly accurate measurement
results obtained by the heat flow measuring apparatus according to any one of the first to ninth aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be described with reference to the accompanying drawings, wherein like numbers reference
like elements.

Fig. 1 is a view illustrating an example of a configuration of a heat flow measuring apparatus.
Fig. 2 is a radial section view of the heat flow measuring apparatus.
Fig. 3 is an axial section view of the heat flow measuring apparatus.
Fig. 4 is a side view of one end of the heat flow measuring apparatus when viewed from the axis side.
Fig. 5 is a side view of the other end of the heat flow measuring apparatus when viewed from the axis side.
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Fig. 6 is a sectional view in a radial direction for depicting how to transfer heat in the heat ring.
Fig. 7 is a sectional view in a radial direction for depicting how to transfer heat in the heat ring.
Fig. 8 is a sectional view in a radial direction for depicting how to transfer heat in the heat ring.
Fig. 9 is a graph illustrating an example of a relationship between heat flow and a metabolic rate.
Fig. 10 is a sectional view illustrating a modification example of the heat ring.
Fig. 11 is a perspective view illustrating a modification example of the metabolism measuring apparatus.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

First Embodiment

[0029] Fig. 1 illustrates an example of a configuration of a metabolism measuring apparatus according to the present
embodiment. A metabolism measuring apparatus 2 includes a ring-shaped heat flow measuring apparatus 4 worn on a
finger as a measurement target and a computing apparatus 6 that computes a metabolic rate using estimation based
on a temperature measured by the heat flow measuring apparatus 4 or heat flow Q.
[0030] The computing apparatus 6 corresponds to a computer which includes a computing unit, a storage unit, a
communication unit, an input unit, and an image displaying unit and which can execute a program by which the metabolic
rate is computed. The computing apparatus 6 can be realized by dedicated hardware; however, may also be realized
by a general-purpose personal computer, a smart phone, a tablet type computer, a wearable computer such as a wrist
watch type, or the like by executing an application program which performs data communication with the heat flow
measuring apparatus 4 and computing of metabolic rate.
[0031] The heat flow measuring apparatus 4 is a wearable computer which means an electronic apparatus having 1)
a continuous temperature measuring function, 2) a computing function of calculating living body information such as the
heat flow Q using the measured temperature, 3) a data logger function of storing the measured value and the calculated
living body information, and 4) a data communicating function of transmitting the stored data to the computing apparatus 6.
[0032] Specifically, the heat flow measuring apparatus 4 has an annular body which is worn on an outer circumference
of a measurement target which contains a heat source, includes a heat ring 41 and a protective section 47 that covers
both end surfaces and the outer circumference of the heat ring 41, and has a wide ring-like appearance.
[0033] The heat ring 41 corresponds to an apparatus that surrounds the measurement target (finger of a person in
the present embodiment), receives heat from the contact portion on the inner circumference, and naturally releases heat
to the atmosphere from the outer circumference. Each temperature on the radially inner side (upstream side in the
transfer) and on the radially outer side (downstream side in the transfer) can be measured and it is possible to obtain
the heat flow Q based on the measured value. The inner diameter of the heat ring 41 can be appropriately set depending
on the external appearance of the assumed measurement target. According to the present embodiment, a finger of a
person is assumed as the measurement target such that the ring is formed as an ellipse including a circle. Various sizes
are prepared for the inner diameter thereof and the diameter is substantially 10 mm to 30 mm.
[0034] The protective section 47 is molded using a synthetic resin such as an acrylonitrile butadiene styrene copolymer
(ABS) resin or a poly methyl methacrylate (PMMA) resin, prevents the object other than the measurement target from
coming into contact with the heat ring 41, and contains a controlling electronic component (to be described below) of
the heat flow measuring apparatus 4 or the like. In terms of heat insulation, it is desirable to use a material which has
thermal conductivity λp<0. 3 (W/(m·K)). It is preferable that the heat ring 41 is covered with a portion having a significant
thickness in terms of the heat insulation; however, the thickness is set to about 1 mm to 5 mm in terms of a weight
increase and wearability.
[0035] One or a plurality of appropriate outer circumferential openings 471 are provided on the portion which covers
the outer circumferential surface of the heat ring 41 among the protective section 47 and the heat ring 41 is in contact
with surroundings and the natural release of heat is improved. An opening ratio is appropriately set taking into account
the effects of preventing contact with another object and heat releasability of the heat ring 41. For example, the opening
ratio is set to 30% to 90%. Shapes or the distribution of the openings are not limited to one but the opening ratio may
be lowered on the side portion with which an adjacent finger is likely to come into contact, and the upper portion and
the lower portion may have a high opening ratio such that openings may be unevenly formed to have a high opening
ratio on the upper and lower portions.
[0036] Fig. 2 and Fig. 3 are a sectional view in the radial direction and a sectional view in the axial direction of the
heat flow measuring apparatus 4, respectively.
[0037] The heat ring 41 has a layer structure in the radial direction and includes, from the inner side, a heat receiving
section 411, a first heat diffusing member 412, a heat transfer layer 413, a second heat diffusing member 414, a heat
releasing section 415. The heat ring 41 also has a first temperature sensor 416 that measures a temperature of the first
heat diffusing member 412, and a second temperature sensor 417 that measures a temperature of the second heat
diffusing member 414.
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[0038] The heat receiving section 411 comes into contact with the measurement target and receives heat. According
to the present embodiment, the heat receiving section 411 is realized by a Teflon (registered trademark) thin film layer
in terms of protecting the surface and an inner surface of the first heat diffusing member 412 may also function as the
heat receiving section 411.
[0039] The first heat diffusing member 412 is thermally connected to the heat receiving section 411 and is an annular
member that diffuses heat transferred from the heat receiving section 411 in a circumferential direction of the heat ring
41. For example, the first heat diffusing member 412 is formed of a material with high thermal conductivity (thermal
conductivity λs>100 (W/(m·K))), such as aluminum, copper, silver, and carbon nanotube.
[0040] A thickness d of the first heat diffusing member 412 in the radial direction can be set in terms of the thermal
conductivity and mechanical strength and for example, thickness d=0.05 mm to 0.5 mm.
[0041] A width w of the first heat diffusing member 412 in the axial direction depends on a size of the assumed heat
source. Since the finger is assumed in the present embodiment and an arterial blood vessel is assumed to have the
diameter of maximum 10 mm as the heat source, at least half the diameter is assumed in terms of promoting equalization
of the temperature distribution. Then, the width w is set to about 5 mm to 10 mm, taking into account a distance between
knuckles of the finger.
[0042] The heat transfer layer 413 is interposed between the outer circumferential surface (first curved surface) of the
first heat diffusing member 412 and the inner circumferential surface (second curved surface) of the second heat diffusing
member 414 and a thermally connected heat transfer material transfers heat diffused over the entire circumference in
the first heat diffusing member 412 to the second heat diffusing member 414.
[0043] A material of the heat transfer layer 413 is selected such that the thermal conductivity λ is less than the thermal
conductivity λs of the first heat diffusing member and such that the heat is transferred as uniformly as possible from the
first heat diffusing member 412 to the second heat diffusing member 414. For example, when the first heat diffusing
member has the thermal conductivity λs>100 (W/(m·K)), the thermal conductivity λ of the heat transfer layer 413 is from
0.3 (W/(m·K)) to 100 (W/(m·K)) and thus it is possible to select from materials such as glass, ceramic, metal such as
stainless steel or titanium, plastic, a synthetic material which is formed by metal power or a carbon material (carbon
nanotube, or the like) dispersed in glass or a resin, or the like. The material of the heat transfer layer 413 includes glass,
ceramic, metal such as stainless steel or titanium, plastic, or the like and it is preferable that the thermal conductivity λ
is 0.3 (W/(m·K))to 20 (W/(m·K)).
[0044] The thicker the thickness of the heat transfer layer 413 is, the more likely the temperature difference between
the inner and outer sides of the heat ring 41 is to be generated, such that it is advantageous to measure the heat flow
with high accuracy. However, since the heat flow measuring apparatus 4 of the present embodiment is assumed to be
worn on a finger, the thickness is set to about 1 mm to 5 mm taking into account weight or wearability, or interference
from other fingers or clothing.
[0045] The second heat diffusing member 414 causes the heat transferred from the heat transfer layer 413 to further
diffuse in the circumferential direction of the heat ring 41 and to be equalized. The second heat diffusing member 414
is formed of a material which has a thermal conductivity λe which is higher than the thermal conductivity λ of the heat
transfer layer 413. The same material as the first heat diffusing member 412 may be selected.
[0046] The heat releasing section 415 releases heat transferred from the second heat diffusing member 414 to the
surroundings. In the present embodiment, the heat releasing section 415 is realized by a Teflon thin film layer in terms
of a surface protection; however, the outer circumferential surface of the second heat diffusing member 414 may function
as the heat releasing section 415 also.
[0047] The first temperature sensor 416 and the second temperature sensor 417 are realized using a known temper-
ature measurement sensor such as a thermistor or a thermocouple and are connected to a CPU module 42.
[0048] An insulation material 49 is provided to be bonded on one end surface of the heat ring 41 in the axial direction
and thus, the transferring of the heat to the protective section 47 from a surface in the axial direction is suppressed.
[0049] Fig. 4 and Fig. 5 are one end side view and the other end side view of the heat flow measuring apparatus 4
when viewed from the axial side. The protective section 47 contains a controlling electronic component or the like (to
be described below) of the heat flow measuring apparatus 4 at a portion which covers the end surface of the heat ring
41 in the axial direction.
[0050] Specifically, the protective section contains the central processing unit (CPU) module 42, a main memory
module 431, an analysis data memory module 432, a wireless communication module 44 , and an antenna module 45.
In addition, a battery 46 is contained to supply power to the modules. A wire 48 for associated data communication or
power supply is also appropriately contained in the protective section 47. The battery 46 preferably has a rechargeable
configuration through non-contact or wireless charge.
[0051] The CPU module 42 corresponds to a control board that controls the heat flow measuring apparatus 4. For
example, a CPU 421 or an IC memory 422, an interface circuit 423, an operation switch 424, and a status displaying
LED 425 are mounted in the CPU module 42. It is needless to say that a configuration which is realized through integration
of a part or all of the components into one integrated circuit can be employed.
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[0052] Thus, the CPU module 42 causes the CPU 421 to execute a program stored in the IC memory 422 and
collectively controls the heat flow measuring apparatus 4.
[0053] Specifically, the CPU module 42 realizes the following functions.

1) a timekeeping function using a system clock of the CPU 421
2) a measuring function of cyclically acquiring a temperature Ts of the first heat diffusing member 412 and a tem-
perature Te of the second heat diffusing member 414 from the first temperature sensor 416 and the second tem-
perature sensor 417, respectively, which are connected to each other through the interface circuit 423
3) a computing function of calculating heat flow Q and heat flux q of heat flowing through the heat ring 41 per unit
time with the measured temperature Ts and temperature Te using the main memory module 431
4) a data logger function of storing the temperature Ts, the temperature Te, the heat flow Q, and the like, in time
series, to the analysis data memory module 432
5) a data communicating function of realizing data communication with the computing apparatus 6 through the
wireless communication module 44 and the antenna module 45 and transmitting analysis data which is stored in
the analysis data memory module 432

[0054] It is needless to say that other functions may be appropriately realized.

Description of Operation

[0055] Next, an operation of the metabolism measuring apparatus 2 will be described.
[0056] First, the heat flow measuring apparatus 4 is worn on the measurement target and power is applied through
operating the operation switch 424. In the present embodiment, the heat flow measuring apparatus 4 is fit on a finger
of a measurement target subject and skin of the finger is substantially in full contact with the inner circumferential surface
of the heat ring 41.
[0057] Fig. 6 to Fig. 8 are sectional views in the radial direction for depicting how the heat is transferred in the heat
ring 41 and show movement of the heat by an arrow. For easy understanding, hatching of sectional surfaces is omitted.
[0058] As illustrated in Fig. 6, when a finger of a person is set as a measurement target 7, the heat source is an arterial
blood vessel 8 and heat flow is dispersed from the arterial blood vessel 8 in every direction (bold black arrows around
the arterial blood vessel 8).
[0059] At this time, since the arterial blood vessel 8 is close to the palm side of the finger (lower side in Fig. 6), the
heat first reaches a portion on the heat receiving section 411 of the heat ring 41, which is in contact with the palm side
of the finger. In contrast, since the arterial blood vessel 8 is farthest from the dorsum of the finger, heat last reaches a
portion on the heat receiving section 411, which is in contact with dorsum (upper side in Fig. 6) of the finger. That is,
distribution of heat from the heat receiving section 411 can be irregular.
[0060] However, even when the distribution of the heat imparted from the heat receiving section 411 is irregular, the
heat is diffused almost uniformly to the entire first heat diffusing member 412 (small black arrows in the circumferential
direction of the heat receiving section 411 and the first heat diffusing member 412) such that there is no irregular
distribution in the transferred heat, because the first heat diffusing member 412 to which the heat is transferred from the
heat receiving section 411 has high thermal conductivity λs. In other words, the first heat diffusing member 412 obtains
the same temperature from the entire body regardless of a position of the heat source due to the heat diffusing effect.
Normally, the temperature measured by the first temperature sensor 416 is not also influenced by the position of the
heat source. In other words, even when one first temperature sensor 416 is provided, it is said that there is no influence
on the measurement regardless of which orientation the heat flow measuring apparatus 4 has to be fitted to the finger.
Reduction in the number of the temperature sensors significantly contributes to reduction in manufacturing costs and
arbitrarily selectable wearing orientations enhance convenience in use.
[0061] When the first heat diffusing member 412 has a uniform temperature, as illustrated in Fig. 7, heat is transferred
from the first heat diffusing member 412 to the heat transfer layer 413 in the radial direction and reaches the second
heat diffusing member 414 before long (hatched arrows radially arranged in the heat transfer layer 413). Further, the
heat is transferred to the heat releasing section 415 and is released to the surroundings (atmosphere in the present
embodiment) from an exposed portion as the outer circumferential opening 471.
[0062] The outer circumferential openings 471 do not have to be arranged uniformly over the entire circumference of
the protective section 47. At first glance, it is considered that temperature irregularity will occur because a portion of the
heat releasing section 415 which is covered by the protective section 47 and a portion which is exposed by the outer
circumferential opening 471 have different degrees of releasing heat from each other; however, this is not a problem
because the second heat diffusing member 414 has a high terminal conductivity λe. Therefore, the temperature measured
by the second temperature sensor 417 does not depend on a relative position to the outer circumferential openings 471.
In this manner, when the heat flow measuring apparatus 4 is manufactured as thin as possible, design of the outer
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circumferential openings 471 or a layout of the second temperature sensor 417 is determined in a significantly flexible
way and thus, effects that increase room for enhancing the wearability or usability are achieved.
[0063] When the power of the heat flow measuring apparatus 4 is ON, the CPU 421 reads and executes a program
from the IC memory 422 in the CPU module 42 and a timekeeping process of measurement time using a system clock
and a continuous measuring process of the temperature Ts by the first temperature sensor 416 and the temperature Te
by the second temperature sensor 417 are started.
[0064] When an appropriate period of time elapses after the measurement start to the extent that a temperature can
be stably measured by the second temperature sensor 417, the CPU module 42 calculates the heat flow Q and a deep
temperature Tc through a following method.
[0065] First, heat flux q which is transferred to the heat ring in the radial direction is represented by Equation (1). Here,
λ= thermal conductivity of the heat transfer layer 413, and dT/dr= a temperature gradient of the heat ring 41 in the radial
direction. 

[0066] Here, the heat flux q at a position r of the heat ring 41 in the radial direction has a relationship of Equation (2)
with respect to the heat flow Q of heat flowing a surface of a cylinder by unit time. 

[0067] A differentiated temperature gradient dT is represented by Equation (3) from Equation (1) and Equation (2) . 

[0068] When Equation (3) is integrated by r in the radial direction and the temperature T=Ts (temperature measured
by the first temperature sensor 416) at a position r=Rs (a radius of the inner circumference of the heat receiving section
411: refer to Fig. 2) as a boundary condition, the temperature T at the position r in the radial direction is represented by
Equation (4). Here, log means a natural logarithm. 

[0069] In Equation (4), when the temperature T=Te (temperature measured by the second temperature sensor 417)
at the position r=Re (a radius of the outer circumference of the heat releasing section 415: refer to Fig. 2), a temperature
gradient within the heat ring 41 is represented by Equation (5). 

[0070] Accordingly, using the temperature Ts measured by the first temperature sensor 416 and the temperature Te
measured by the second temperature sensor 417 from Equation (5), the heat flow Q which is started from the measurement
target can be calculated by Equation (6). 
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[0071] When the heat flow Q is calculated, the CPU module 42 further calculates the deep temperature Tc of the
measurement target. The deep temperature Tc means a temperature at a core portion which is unlikely to be influenced
by a surrounding temperature, that is, a deep body temperature. In recent years, the deep body temperature is used as
a parameter of various types of healthcare for achieving heat stroke prevention or sound sleep. In a measurement
apparatus of the related art, which measures the deep temperature Tc using a temperature on the skin’s surface, there
is a need to separately provide an electronic heater unit for compensating (heat flow compensation) for heat released
from the skin’s surface; however, according to the present embodiment, the heat flow compensation is realized by a
heat diffusing effect of the first heat diffusing member 412 and by using the structure in which the first heat diffusing
member 412 is covered with the heat transfer layer 413 having low thermal conductivity λ and thereby, it is possible to
measure the deep temperature Tc without providing the heater unit.
[0072] Specifically, as described above, the heat from the measurement target 7 regardless of the position of the heat
source becomes uniform over the entire circumference due to the heat diffusing effect of the first heat diffusing member
412 (refer to Fig. 6). It is considered that the farther apart a portion (upper side in Fig. 6 and dorsum of the finger) of the
measurement target 7 is from the heat source (arterial blood vessel 8), the lower the temperature is; however, the heat
is transferred through the first heat diffusing member 412 (refer to hatched arrows depicted to have a central orientation
above from the arterial blood vessel 8 in Fig. 6) and thereby, the temperature of a portion which is apart from the heat
source and thus is likely to have a relatively low temperature is increased. Then, before long, as illustrated in Fig. 8, it
is considered that a cylindrical heat source (deep layer 9) having the deep temperature Tc is present to a certain depth
such that the heat is propagated in the outer circumferential direction of the heat ring 41 with a constant gradient.
[0073] When a temperature of the deepest portion, that is, a portion having the highest temperature, in the deep layer
9 is referred to as the deep temperature Tc, the deep layer 9 is considered as a transferring portion through which heat
is transferred at thermal conductivity λt. Hence, when a thickness of the deep layer 9 is represented by d, a temperature
difference between the deep temperature Tc and the temperature Ts of the heat receiving section 411 is represented
by Equation (7), using Equation (5) above. 

[0074] In addition, using Equation (5) and Equation (7), a temperature difference between the deep temperature Tc
and the temperature Te which is measured by the second temperature sensor 417 is represented by Equation (8). 

[0075] Then, both sides of Equation (8) and Equation (7) are divided by the heat flow Q and the heat flow Q is removed.
Then, when the result is referred to as D, Equation (9) is obtained. 

[0076] Here, D can be regarded as a constant which does not depend on the heat flow Q from the measurement target
7. Accordingly, it is possible to calculate the deep temperature Tc using Equation (10). 
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[0077] The CPU module 42 calculates the heat flow Q using Equation (6) whenever the temperature Ts and the
temperature Te are measured. Then, an elapsing time from the measurement start, the temperature Ts, the temperature
Te, the heat flow Q, and the deep temperature Tc are associated and are stored in time series in the analysis data
memory module 432 by storage control by the CPU module 42. In parallel with the storage control, the CPU module 42
may establish data communication with the computation apparatus 6 and may perform control of transmission of data
stored in the analysis data memory module 432.
[0078] The computation apparatus 6 obtains a metabolic rate Qall from the heat flow Q contained in data received
from the heat flow measuring apparatus 4 and displays the calculating results sequentially. Known statistical processing
such as graph display may be performed.
[0079] Specifically, a correlation function F between the heat flow Q and the metabolic rate Qall, which is obtained in
advance in experiments, is stored in the computation apparatus 6 such that the metabolic rate Qall is obtained with
reference to the correlation function.
[0080] The function F can be prepared using, for example, profile data, as follows.
[0081] When a person is assumed as the measurement target, an amount of inhaled oxygen VO2 and an amount of
exhaled carbon dioxide VCO2 are measured by an exhaled gas analyzer for many subjects who have different attribute
parameters (profile) of personal information such as gender, stature, weight, age, or body fat, in a state in which additional
conditions of exercise or temperature environment are changed, and the metabolic rate Qall is calculated by Equation
(11). In addition, at the same time, the heat flow Q is measured by the heat flow measuring apparatus 4. 

[0082] A correlation between the heat flow Q and the metabolic rate Qall is obtained for each group classified depending
on parameters such as gender, stature, weight, age, and body fat, the measurement data is subject to regression
analysis, and thereby, the function F is obtained (refer to Fig. 9). The conditions of the parameters which define a group
and the obtained function F are associated with each other and are stored in the computation apparatus 6 for each
group. Alternatively, the measurement data may be included in a program.
[0083] An operator of the metabolism measuring apparatus 2 inputs a value of the parameters of the measurement
target in the computation apparatus 6. The computation apparatus 6 determines a group suitable for the input value.
With reference to the function F corresponding to the determined group, a metabolic rate Qall is obtained using the heat
flow Q received from the heat flow measuring apparatus 4. Values of the heat flow Q and the metabolic rate Qall are
numerically displayed or displayed into a graph in time series.
[0084] As above, according to the present embodiment, even when positional irregularity occurs in transferring heat
to the heat receiving section 411 from the measurement target 7, a uniform temperature is obtained due to the heat
diffusing effect of the first heat diffusing member 412. Therefore, regardless of a positional relationship between the heat
source (arterial bloodvessel 8) and the first temperature sensor 416, it is possible to measure the temperature Ts with
stability and high accuracy. In addition, since the first temperature sensor 416 can be configured of only one temperature
sensor, it is possible to suppress the manufacturing costs to be lowered.
[0085] In addition, when heat releasing is focused, irregular heat releasing occurs because the heat releasing section
415 releases heat to the atmosphere from a portion which is exposed through the outer circumferential openings 471;
however, regardless of the irregular heat releasing, it is possible to measure the temperature Te by the second temperature
sensor 417 due to the heat diffusing effect of the second heat diffusing member 414 with stability and high accuracy.
[0086] In addition, in this configuration, the thermal conductivity of the first heat diffusing member 412 and the second
heat diffusing member 414 is higher than the thermal conductivity of the heat transfer layer 413 and the maximum
temperature gradient of the former is higher than that of the latter. In this manner, heat is transferred from the first heat
diffusing member 412 to the second heat diffusing member 414 and it is possible to reduce a period of time taken for
the temperature to become uniform. Accordingly, irregular heat transferring from the first heat diffusing member 412 to
the second heat diffusing member 414 is prevented and still further, in this structure, the relative positional relationship
between the heat source and the temperature sensor is unlikely to be influenced by the irregularity.
[0087] In addition, since the heat flow measuring apparatus 4 has a ring shape with which there is no need to concern
about the wearing orientation to a finger (measurement target), the heat flow measuring apparatus 4 is easily worn and
has a structure suitable for monitoring for a long period of time.
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Modification Examples

[0088] The embodiments of the invention are not limited to above, and it is possible to appropriately perform addition,
omitting, and modification of a component.

Modification Example 1

[0089] For example, as illustrated in Fig. 10, it is possible to employ a configuration in which a third heat diffusing
member 418 and a third temperature sensor 419 that measures a temperature of the third heat diffusing member 418
are added to the heat transfer layer 413. The third heat diffusing member 418 is realized similar to the first heat diffusing
member 412 and the second heat diffusing member 414. In addition, the third temperature sensor 419 is realized similar
to the first temperature sensor 416 or the second temperature sensor 417. According to the configuration, since it is
possible to further enhance heat diffusing performance in the circumferential direction of the heat ring 41 than in the
embodiments described above, it is possible to realize measurement without an influence of the relative positions of the
heat source and the temperature sensor and the relative positions of a cooling source and a temperature sensor.
[0090] In addition, in a case where the configuration is applied, the heat flow Q may be calculated using the temperature
measured by the third temperature sensor 419 instead of the temperature Te measured by the second temperature
sensor 417 in Equation (6) or the heat flow Q may be calculated using the temperature measured by the third temperature
sensor 419 instead of the temperature Ts measured by the first temperature sensor 416 in Equation (6).
[0091] Further, it is possible to employ a configuration in which a combination of the temperature sensors applied to
Equation (6) is formed by selecting a plurality of sensors from the first temperature sensor 416, the second temperature
sensor 417, the third temperature sensor 419 and the heat flow Q is primarily calculated, and then, an average of
calculated results becomes the final heat flow Q.

Modification Example 2

[0092] According to the present embodiment described above, the description is provided on a premise that a finger
of a person is set as the measurement target; however, when an outer diameter of the measurement target is about the
size of the finger, it is needless to say that the measurement may be performed on a toe or the like.
[0093] In addition, for a person, the measurement target may not be limited to extremities such as a finger but may
be the trunk of a body (for example, thorax or abdomen). In this case, for example, as illustrated by a metabolism
measuring apparatus 2B in Fig. 11, the heat ring 41 of the heat flow measuring apparatus 4 may have a diameter greater
than that in the embodiments described above. Specifically, when the heat ring 41 is a belt type having a width of about
10 mm to 100 mm in the axial direction and a perimeter of about 600 mm to 1200 mm, the belt type heat ring is suitable
because wearability is achieved and it is possible to have as small an influence of heat outflow as possible from a side
surface. In a portion corresponding to a buckle of a belt, the CPU module 42 or the main memory module 431, the
analysis data memory module 432, the wireless communicating module 44, the antenna module 45, or the like may be
installed and further, a small computation apparatus 6 may be provided removably. In the case of the belt type, the
protective section 47 can be omitted.

Modification Example 3

[0094] In addition, in the configuration, according to the present embodiment described above, the heat flow Q is
calculated using the temperature Ts and the temperature Te by the heat flow measuring apparatus 4; however, a
configuration may be employed, in which the heat flow measuring apparatus 4 functions only as a temperature measuring
and storing apparatus which measures the temperature Ts and the temperature Te and stores the temperatures in time
series and the heat flow Q is calculated by the computation apparatus 6.

Modification Example 4

[0095] In addition, in the present embodiment described above, a living body represented by a person is the meas-
urement target; however, the measurement target is not limited thereto. For example, an industrial pipe or tube, a tank,
a heat insulating case, a furnace, or the like for which a temperature control or the like is needed may be set as the
measurement target.
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Claims

1. A heat flow measuring apparatus comprising:

a first heat diffusing member;
a first temperature sensor that is thermally connected to the first heat diffusing member;
a second heat diffusing member;
a second temperature sensor that is thermally connected to the second heat diffusing member; and
a heat transfer layer that is disposed between the first heat diffusing member and the second heat diffusing
member.

2. The heat flow measuring apparatus according to claim 1 or 2,
wherein thermal conductivity of the first heat diffusing member is higher than thermal conductivity of the heat transfer
layer, and
wherein thermal conductivity of the second heat diffusing member is higher than thermal conductivity of the heat
transfer layer.

3. The heat flow measuring apparatus according to claim 1,
wherein the thermal conductivity of the first heat diffusing member and the thermal conductivity of the second heat
diffusing member are 100 (W/ (m·K)) or more and the thermal conductivity of the heat transfer layer is 0.3 (W/(m·K))
to 100(W/(m·K)).

4. The heat flow measuring apparatus according to one of the preceding claims,
wherein the first heat diffusing member has a heat receiving area which is to be in contact with a measurement
target and is 204 (mm2) to 690 (mm2).

5. The heat flow measuring apparatus according to one of the preceding claims,
wherein the maximum temperature gradient of the first heat diffusing member is larger than the maximum temperature
gradient of the heat transfer layer and the maximum temperature gradient of the second heat diffusing member is
larger than the maximum temperature gradient of the heat transfer layer.

6. The heat flow measuring apparatus according to one of the preceding claims,
wherein the first heat diffusing member has a first curved surface,
wherein the second heat diffusing member has a second curved surface, and
wherein the heat transfer layer is interposed between the first curved surface and the second curved surface.

7. The heat flow measuring apparatus according to one of the preceding claims, further comprising:

a third heat diffusing member; and
a third temperature sensor that is thermally connected to the third heat diffusing member,
wherein the third heat diffusing member and the third temperature sensor are disposed in the heat transfer layer.

8. The heat flow measuring apparatus according to one of the preceding claims,
wherein the second heat diffusing member has a third curved surface which is a surface opposite to the second
curved surface, and
wherein a protective section that has an opening on the third curved surface side is further provided.

9. The heat flow measuring apparatus according to claim 8,
wherein thermal conductivity of the protective section is lower than the thermal conductivity of the heat transfer layer.

10. A metabolism measuring apparatus comprising:

the heat flow measuring apparatus according to one of the preceding claims; and
a computing apparatus that estimates a metabolic rate.



EP 2 995 247 A1

12



EP 2 995 247 A1

13



EP 2 995 247 A1

14



EP 2 995 247 A1

15



EP 2 995 247 A1

16



EP 2 995 247 A1

17



EP 2 995 247 A1

18



EP 2 995 247 A1

19



EP 2 995 247 A1

20



EP 2 995 247 A1

21



EP 2 995 247 A1

22



EP 2 995 247 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 2 995 247 A1

24

5

10

15

20

25

30

35

40

45

50

55



EP 2 995 247 A1

25

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2014055963 A [0004]
• JP 2007530154 T [0004]

• JP 2004532065 T [0005]
• JP 2002202205 A [0005]



专利名称(译) 热流测量装置和代谢测量装置

公开(公告)号 EP2995247A1 公开(公告)日 2016-03-16

申请号 EP2015184452 申请日 2015-09-09

[标]申请(专利权)人(译) 精工爱普生株式会社

申请(专利权)人(译) SEIKO EPSON CORPORATION

当前申请(专利权)人(译) SEIKO EPSON CORPORATION

[标]发明人 IKEDA AKIRA
ITO MEGUMU

发明人 IKEDA, AKIRA
ITO, MEGUMU

IPC分类号 A61B5/01 A61B5/00 G01K13/00

CPC分类号 A61B5/01 A61B5/4866 A61B5/6826 G01K13/002 G01K17/06 A61B5/7278

优先权 2014184518 2014-09-10 JP

其他公开文献 EP2995247B1

外部链接 Espacenet

摘要(译)
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