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FIG. 2
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FIG 6
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FIG. 14
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MEASUREMENT APPARATUS,
MEASUREMENT INSTRUMENT,
MEASUREMENT SYSTEM, SERVER,
ANALYSIS METHOD, STORAGE MEDIUM,
AND DATA STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to and the
benefit of Japanese Patent Application No. 2017-105024
filed May 26, 2017, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a measurement
apparatus, a measurement instrument, a measurement sys-
tem, a server, an analysis method, a storage medium, and a
data structure.

BACKGROUND

[0003] Earphones capable of measuring body temperature
are known. For example, a canal type earphone provided
with a body temperature sensor is known.

SUMMARY

[0004] A measurement apparatus according to a first
aspect of the present disclosure includes a metal tube, a
measurement unit, and a sound output unit. The metal tube
has a first end and a second end. The measurement unit is
arranged at a first end side of the metal tube and is capable
of measuring electromagnetic radiation incident from the
second end of the metal tube. The sound output unit is
configured to output sound. The measurement apparatus
includes a first path and a second path to the first end of the
metal tube for sound outputted from the sound output unit.
The first path and the second path have different lengths.
[0005] A measurement instrument according to a second
aspect of the present disclosure includes a first measurement
unit configured as a blood flow measurement apparatus
capable of measuring blood flow, and the measurement
apparatus according to the first aspect.

[0006] A measurement system according to a third aspect
of the present disclosure includes the measurement appara-
tus according to the first aspect; a control apparatus for
controlling operation of the measurement apparatus; and a
server connected to the measurement apparatus via a net-
work, wherein the server is configured to receive informa-
tion on electromagnetic radiation measured by the measure-
ment apparatus, analyze the received information based on
information stored in a memory, and transmit the analyzed
information to the control apparatus.

[0007] A server according to a fourth aspect of the present
disclosure is connected to a control apparatus for controlling
operation of the measurement apparatus according to the
first aspect via a network; wherein the server is configured
to receive information on electromagnetic radiation mea-
sured by the measurement apparatus, analyze the received
information based on information stored in a memory, and
transmit analysis information indicating a result of the
analysis to the control apparatus.

[0008] An analysis method according to a fifth aspect of
the present disclosure is to be performed by a server con-
nected to a control apparatus configured to control operation
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of the measurement apparatus according to the first aspect
via a network; wherein the analysis method includes receiv-
ing information on electromagnetic radiation measured by
the measurement apparatus, analyzing the received infor-
mation based on information stored in a memory, and
transmitting analysis information indicating a result of the
analysis to the control apparatus.

[0009] A non-transitory computer readable storage
medium storing an analysis program according to a sixth
aspect of the present disclosure which, when executed by a
computer, causes the computer to receive information on
electromagnetic radiation measured by the measurement
apparatus according to the first aspect, analyze the received
information based on information stored in a memory, and
transmit analysis information indicating a result of the
analysis to a control apparatus.

[0010] A data structure according to a seventh aspect of
the present disclosure is configured for use in a computer,
including information on electromagnetic radiation mea-
sured by a measurement apparatus according to the first
aspect, a user ID of a user of the measurement apparatus, an
average body temperature of a group to which the user
belongs, and an individual average body temperature of the
user; wherein the computer is used to determine whether
information on electromagnetic radiation measured by the
measurement apparatus is abnormal based on at least one of
the average body temperature and the individual average
body temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

[0012] FIG. 1 is a schematic diagram illustrating the
internal structure of a measurement apparatus according to
Embodiment 1;

[0013] FIG. 2 illustrates an example of acoustic charac-
teristics;

[0014] FIG. 3 is a top view of the substrate in FIG. 1;
[0015] FIG. 4 is a schematic diagram illustrating a con-

nection configuration of a measurement instrument and a
control apparatus;

[0016] FIG. 5 illustrates an example of functional blocks
provided with the control apparatus in FIG. 4;

[0017] FIG. 6 is a conceptual diagram of sound data to be
stored in a memory of the control apparatus;

[0018] FIG. 7 is a schematic diagram illustrating a con-
figuration example of a measurement system in which the
measurement instrument in FIG. 4 is used;

[0019] FIG. 8 is a functional block diagram illustrating a
schematic configuration of the server in FIG. 7,

[0020] FIG. 9 is a sequence chart illustrating an example
of processing performed by the measurement system in FIG.

[0021] FIGS. 10A, 10B, 10C, and 10D are configuration
diagrams illustrating an example of data to be stored in the
server in FIG. 7,

[0022] FIG. 11 is a flowchart illustrating an example of
body temperature information analysis processing per-
formed by the server in FIG. 7;

[0023] FIG. 12 is a schematic diagram illustrating the
internal structure of a measurement apparatus according to
Embodiment 2;

[0024] FIG. 13 is a schematic diagram illustrating the
internal structure of a measurement apparatus according to
Embodiment 3;
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[0025] FIG. 14 is a schematic diagram illustrating the
appearance of a measurement instrument provided with the
measurement apparatus in FIG. 13;

[0026] FIG. 15 is a cross-sectional view taken from line
A-A of the measurement instrument in FIG. 14;

[0027] FIG. 16 illustrates a configuration example of a
measurement system according to Embodiment 4;

[0028] FIG. 17 illustrates an example of functional blocks
provided with the smartphone in FIG. 16;

[0029] FIG. 18 is a schematic diagram illustrating a dis-
play screen of the smartphone in FIG. 16; and

[0030] FIG. 19 is a sequence chart illustrating an example
of processing performed by the measurement system in FIG.
16.

DETAILED DESCRIPTION

[0031] For conventionally known earphones capable of
measuring body temperature, it is difficult to obtain good
acoustic characteristics while improving the accuracy of
body temperature detection.

[0032] For example, in a conventionally known earphone,
a body temperature sensor is provided substantially in the
center of an opening of an acoustic cylinder configured to
face an eardrum. In this case, body temperature measured by
the body temperature sensor may have absorbed infrared
energy radiated from, for example, the wall surface of an ear
canal or the like, other than the eardrum. The wall surface of
the ear canal or the like, however, is more easily affected by
outside air than the eardrum. Thus, when a body temperature
sensor measures body temperature based on infrared energy
radiated from the wall surface of an ear canal or the like, it
is difficult to accurately measure the body temperature of a
subject.

[0033] It would be helpful to provide a measurement
apparatus, a measurement instrument, a measurement sys-
tem, a server, an analysis method, a storage medium, and a
data structure that easily enable good acoustic characteristics
while improving the accuracy of body temperature detec-
tion.

[0034] A plurality of embodiments according to the pres-
ent disclosure will be described with reference to the accom-
panying drawings.

Embodiment 1

[0035] FIG. 1 is a schematic diagram illustrating the
internal structure of a measurement apparatus 10 according
to Embodiment 1. The measurement apparatus 10 is an
apparatus to be inserted into a subject’s ear canal for use.
The outer shape of the measurement apparatus 10 may be a
canal type earphone. The measurement apparatus 10, when
inserted in the subject’s ear, is capable of measuring bio-
logical information. The biological information may be
information that can be acquired by a biological sensor
described later. Hereinafter, the biological information will
be described as the subject’s body temperature. The mea-
surement apparatus 10 also functions as an earphone. Thus,
in a state in which the measurement apparatus 10 is inserted
in the subject’s ear (hereinafter, also referred to as “wearing
state”), the subject can listen to sound outputted from the
measurement apparatus 10 while measuring body tempera-
ture with the measurement apparatus 10.

[0036] As schematically illustrated in FIG. 1 as an
example, the measurement apparatus 10 includes a holder
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11, an earpiece 12, a metal tube 13, a substrate 14, a
measurement unit 15, and a sound output unit 16.

[0037] The holder 11 holds and protects various mecha-
nisms included in the measurement apparatus 10. The holder
11 may be formed from a resin or the like. When the
measurement apparatus 10 is connected to an external
device configured to control sound output in a wired manner,
a cable for connection with the external device may extend
from the holder 11. The holder 11 and the earpiece 12 are
coupled to form the outer shape of the measurement appa-
ratus 10. The holder 11 is formed so as to surround the
substrate 14.

[0038] The earpiece 12 is to be inserted into the subject’s
ear canal along the insertion direction indicated by the arrow
in FIG. 1. That is, the subject can wear the measurement
apparatus 10 by inserting the earpiece 12 into an ear canal.
The earpiece 12 may be formed from a flexible member such
as silicon or the like. Because of the flexibility of the
earpiece 12, the subject can easily insert the measurement
apparatus 10 into an ear canal and maintain the wearing state
of the measurement apparatus 10. The earpiece 12 may, for
example, be rotationally symmetrical with respect to the
virtual axis A illustrated in FIG. 1. The direction of the axis
A may be aligned with the insertion direction indicated by
the arrow. As viewed from the insertion direction, a cylin-
drical space is provided in the center of the earpiece 12. The
metal tube 13 is held in this space.

[0039] The metal tube 13 is a cylindrical metallic tube
which is rotationally symmetrical with respect to the axis A.
In the wearing state of the measurement apparatus 10, the
metal tube 13 functions as a waveguide for electromagnetic
radiation radiated from the subject. The electromagnetic
radiation may, for example, be infrared radiation. Infrared
radiation, for example, is electromagnetic radiation with a
wavelength in the range of 1 to 20 pm. Hereinafter, the
electromagnetic radiation will be described as infrared radia-
tion.

[0040] In order to reduce the emissivity of the inner
surface of the metal tube 13, gold plating may be applied
thereto. The inner surface of the metal tube 13 may be
formed from a material with low emissivity to infrared
radiation, such as silver. The length L of the metal tube 13
is longer than the diameter D of the metal tube 13 by a
predetermined length or more. For example, the length L
may be three times the diameter D or more. The metal tube
13 has a first end 13a¢ and a second end 13b4. In the
measurement apparatus 10, the metal tube 13 is arranged
such that the first end 13a is located at the holder 11 side, and
the second end 134 is located at the opening side of the
measurement apparatus 10. That is, the second end 135 faces
the incident direction of infrared radiation in the wearing
state of the measurement apparatus 10.

[0041] The substrate 14, for example, as illustrated in FIG.
1, is held in the holder 11 and is orthogonal to the axis A. The
substrate 14 has a first surface 14a facing the metal tube 13
and a second surface 145 on the other side. The substrate 14
has at least two openings. In the present embodiment, the
substrate 14 will be described as having two openings
hereinafter, namely, a first opening 17a and a second open-
ing 17b. The first opening 17a and the second opening 17
are provided on the substrate 14 at positions with different
distances from a point P at which the substrate 14 and the
axis A intersect.
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[0042] The shape of the openings 17a and 175 may be
circular, oval, polygonal, or any combination thereof. In the
present embodiment, the shape of the openings 17a and 175
are circular.

[0043] The measurement unit 15 is configured to acquire
infrared radiation radiated from the subject, and output a
photoelectric conversion signal for the acquired infrared
radiation as biological information related to body tempera-
ture to a control apparatus 500 described later. Then, the
control apparatus 500 measures the subject’s body tempera-
ture based on the photoelectric conversion signal outputted
from the measurement unit 15. The measurement unit 15 is
arranged on the first surface 144, and may be disposed at the
position of the intersection point P.

[0044] The sound output unit 16 is configured to output
sound based on an inputted sound signal. Here, the sound
signal, for example, is inputted to the sound output unit 16
from an external device in a wired manner, a wireless
manner, or the like. The sound output unit 16 may be
constituted, for example, by a dynamic speaker. The sound
output unit 16 is arranged at the second surface 145 side of
the substrate 14, for example, in a space provided in the
holder 11. The sound output unit 16 may be provided on the
axis A. Sound outputted from the sound output unit 16 is
configured to pass through the first opening 17a, the second
opening 176 and the metal tube 13, and then be outputted to
the outside of the measurement apparatus 10 from the
second end 135. In the wearing state of the measurement
apparatus 10, the subject can listen to sound outputted in this
way.

[0045] In the present embodiment, sound outputted from
the sound output unit 16 is configured to reach the first end
13a of the metal tube 13 through two paths, namely, a first
path and a second path. The first path is a path from the
sound output unit 16 to the first end 13a via the first opening
174, and the second path is a path from the sound output unit
16 to the first end 134 via the second opening 175.

[0046] Here, measurement of body temperature by the
measurement apparatus 10 will be described in detail. In the
measurement apparatus 10, the measurement unit 15 is
configured to acquire infrared radiation radiated from the
subject. Infrared radiation radiated from a subject is config-
ured to enter the metal tube 13 from the second end 135 and
then be received by the measurement unit 15. In the present
embodiment, the length L of the metal tube 13 is longer than
the diameter D thereof by a predetermined amount or more;
and the measurement unit 15 is arranged at the inner side of
the metal tube 13, namely, the first end 134 side.

[0047] It is assumed that the measurement unit 15 is able
to receive infrared radiation radiated from the wall surface
of an ear canal, when the length T of the metal tube 13 is not
longer than the diameter D thereof by the predetermined
amount, or when the measurement unit 15 is arranged at the
second end 135 side of the metal tube 13. The wall surface
of an ear canal, however, is easily affected by outside air.
Thus, infrared radiation received by the measurement unit
15 in this case is not necessarily based on the actual body
temperature of the subject, and may be based on a body
temperature affected by outside air temperature. Conse-
quently, it would be difficult to accurately measure the body
temperature of a subject.

[0048] On the contrary, according to the measurement
apparatus 10 of the present embodiment, the directivity of
infrared radiation to be received by the measurement unit 15
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can be increased, compared to the case that the length L of
the metal tube 13 is not longer than the diameter D thereof
by the predetermined amount, or the case that the measure-
ment unit 15 is arranged at the second end 135 side of the
metal tube 13. This allows the measurement unit 15 to
receive infrared radiation at a specific portion of the ear of
the subject when in the wearing state of the measurement
apparatus 10.

[0049] More particularly, for example, the measurement
unit 15 can receive infrared radiation radiated from the
subject’s eardrum. The eardrum, by virtue of being located
in an inner part of the ear, is not as affected by outside air.
Thus, by receiving infrared radiation radiated from the
eardrum, the measurement apparatus 10 can easily and
accurately measure the body temperature of the subject.

[0050] Next, sound to be outputted from the measurement
apparatus 10 will be described.

[0051] Sound outputted from the sound output unit 16 is
configured to pass through the inside of the metal tube 13
and then be outputted to the outside of the measurement
apparatus 10. Here, as described above, in the present
embodiment, the length L of the metal tube 13 1s longer than
the diameter D thereof by a predetermined amount or more.
The metal tube 13 has acoustic characteristics such that
amplitudes at predetermined frequencies (resonance fre-
quencies) would be amplified by resonance.

[0052] For example, as indicated by the solid line in FIG.
2, the metal tube 13 has acoustic characteristics such that
amplitudes at the predetermined frequencies f}, f,, f;, f, and
f; are higher than those in other frequency ranges. Thus,
when the characteristics of the sound inputted to the first end
13a of the metal tube 13 are uniform, sound at the prede-
termined frequencies f,, {5, f;, f, and f5 is amplified more
than sound in other frequency ranges due to the acoustic
characteristics of the metal tube 13, and is then outputted
from the second end 135. That is, in this case, sound
outputted at the predetermined frequencies f, f,, f;, f, and
f; is be stronger than that outputted in other frequency bands.
From the perspective of the subject listening to the sound, it
is undesirable for the sound pressure per frequency to differ
greatly.

[0053] In the measurement apparatus 10 according to the
present embodiment, by setting the acoustic characteristics
of sound to be inputted to the first end 134 of the metal tube
13 to predetermined acoustic characteristics (hereinafter,
also referred to as “target acoustic characteristics”), the
acoustic characteristics of sound outputted from the second
end 135 of the metal tube 13 can be improved. In the present
description, as indicated by the broken line in FIG. 2, the
target acoustic characteristics are such that amplitudes at the
frequencies f,, f,, {3, f, and {5, at which sound would be
amplified due to the acoustic characteristics of the metal
tube 13, are smaller than those in other frequency bands. The
target acoustic characteristics can be realized by the posi-
tional relationship between the metal tube 13, and the first
opening 17a and the second opening 175 provided on the
substrate 14. When sound having the acoustic characteristics
with smaller amplitudes at the predetermined frequencies fj,
f,, f3, f, and {5, as indicated by the broken line in FIG. 2, is
inputted, sound of the predetermined frequency band would
be amplified, as indicated by the solid line in FIG. 2 as the
acoustic characteristics of the metal tube 13. As a result,
sound having the characteristics of a smaller sound pressure
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difference for each frequency over the entire frequency band
is outputted from the second end 135 of the metal tube 13.

[0054] Next, the target acoustic characteristics of sound to
be inputted to the first end 13a of the metal tube 13 will be
further described.

[0055] FIG. 3 is a top view of the substrate 14 in FIG. 1,
as viewed from the first surface 14a side. As illustrated in
FIG. 3, the first opening 174, the second opening 175 and the
point P are provided on a straight line. The broken line in
FIG. 3 indicates a line obtained by projecting the metal tube
13 onto the first surface 14a of the substrate 14. The first
opening 17a and the second opening 175 are provided on the
substrate 14 at positions with different distances from the
point P. That is, when the distance between the center of the
first opening 17« and the point P is d1, and the distance
between the center of the second opening 175 and the point
P is d2, the lengths of distance d1 and distance d2 are
different. In the example illustrated in FIG. 3, d1>d2.

[0056] When the distance dl and the distance d2 are
different, the first path via the first opening 17¢ and the
second path via the second opening 17b, through which
sound outputted from the sound output unit 16 passes to
reach the first end 134 of the metal tube 13, are different in
distance. As illustrated in FIG. 1. the first path has a distance
D1 from the sound output unit 16 to the first end 134, and
the second path has a distance D2 from the sound output unit
16 to the first end 13a. Since the distance d1 and the distance
d2 are different as described with reference to FIG. 3, the
distance D1 and the distance D2 are also different. When
d1>d2 as illustrated in FIG. 3, D1>D2.

[0057] When the difference AD between the distance D1
and the distance D2 is (n+12) times the wavelength of sound,
where n is an integer greater than or equal to 0, sound
passing through the first opening 174 and sound passing
through the second opening 176 weaken each other due to
the interference of the sound. Here, of the frequencies at
which sound would be amplified due to the acoustic char-
acteristics of the metal tube 13, the fundamental frequency
is f, and the wavelength of sound at the fundamental
frequency f is fundamental wavelength A. That is, the
frequencies f}, f,, f;, f, and f in FIG. 2 are represented by
mf, where m is an integer greater than or equal to 0. In this
case, according to the interference of the sound described
above, by providing the first opening 17a and the second
opening 175 at positions satisfying AD=h(n+Y2), the target
acoustic characteristics indicated by the broken line in FIG.
2 according to which the amplitudes at the predetermined
frequencies f, £, {5, f, and f; are smaller can be realized.

[0058] The fundamental wavelength A is determined by
the length L of the metal tube 13. Thus, by providing the first
opening 17a and the second opening 175 at positions
satisfying AD(=ID1-D2I)=L(n+"%) the target acoustic char-
acteristics can be realized. In the present embodiment, the
first opening 17a and the second opening 175 are provided
on the substrate 14 so as to satisfy AD=L(n+'%). Thereby,
sound having the target acoustic characteristics indicated by
the broken line in FIG. 2 is inputted to the first end 13a. As
a result, sound having the characteristics with a smaller
sound pressure difference for each frequency over the entire
frequency band is outputted from the second end 13. In this
manner, the acoustic characteristics of the measurement
apparatus 10 according to the present embodiment can be
improved.
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[0059] The measurement apparatus 10 can be mounted on
a measurement instrument. FIG. 4 is a schematic diagram
illustrating a connection configuration of a measurement
instrument 100 and a control apparatus 500. As illustrated in
FIG. 4, the control apparatus 500 is connected to the
measurement instrument 100 by a cord 1010. The control
apparatus 500 and the measurement instrument 100 transmit
and receive information and power via the cord 1010. In
addition to the wired cord 1010, the control apparatus 500
and the measurement instrument 100 may transmit and
receive information and power in a wireless manner. This
wireless manner can be anything such as Bluetooth® (Blu-
etooth is a registered trademark in Japan, other countries, or
both), infrared radiation, NFC (Near Field Radio Commu-
nication), or the like. Further, the measurement instrument
100 may include a battery such as a cell or the like.
[0060] The measurement instrument 100 may be consti-
tuted, for example, by a headband type earphone. The
measurement instrument 100 may, for example, be wearable
on a subject’s head. Further, the measurement instrument
100 may be configured to include the measurement appa-
ratus 10 in a part to be inserted into an ear.

[0061] Next, the internal structure of the control apparatus
500 illustrated in FIG. 4 will be described with reference to
FIG. 5. FIG. 5 illustrates an example of functional blocks
included in the control apparatus 500 illustrated in FIG. 4.
The control apparatus 500 is configured to control the sound
output of the measurement apparatus 10.

[0062] The control apparatus 500 includes a measurement
interface 1067, a controller 1054, a memory 1055, a com-
munication interface 1056, a notification interface 1057, an
actuator 1058, an input interface 1065, and a power source
1066 as functional units.

[0063] The controller 1054 includes at least one processor
10544 for controlling and managing the whole control
apparatus 500, including each functional block of the control
apparatus 500. The controller 1054 includes at least one
processor 1054a such as a CPU (Central Processing Unit)
configured to execute a program prescribing a control pro-
cedure, and thus enables its function. Such a program is
stored in, for example, the memory 1055 or an external
storage medium connected to the control apparatus 500.
[0064] According to various embodiments of the present
disclosure, the at least one processor 1054a may be realized
as a single integrated circuit (IC), or a plurality of commu-
nicably connected integrated circuits and/or discrete circuits.
Further, the at least one processor 1054a can be performed
in accordance with various known techniques.

[0065] In one embodiment according to the present dis-
closure, the processor 1054a may include one or more
circuits or units, configured to perform one or more data
calculation procedures or processes by executing instruc-
tions stored in an associated memory. In another embodi-
ment according to the present disclosure, the processor
10544 may be a firmware, for example, a discrete logic
component, configured to perform one or more data calcu-
lation procedures or processes.

[0066] According to various embodiments of the present
disclosure, the processor 1054a may include one or more
processors, a controller, a microprocessor, a microcontroller,
an application specific integrated circuit (ASIC), a digital
signal processor, a programmable logic device, a field pro-
grammable gate array, any combination of these devices or
configurations, or any combination of other known devices
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or configurations; and thus perform the functions as the
controller 1054 described later.

[0067] The controller 1054 controls the output of sound
from the sound output unit 16 of the measurement apparatus
10. Further, the controller 1054 measures or calculates the
subject’s body temperature based on biological information
measured by the measurement unit 15 of the measurement
apparatus 10.

[0068] The memory 1055 can be constituted by a semi-
conductor memory, a magnetic memory, or the like. The
memory 1055 stores various kinds of information and/or a
program for operating the control apparatus 500, and the
like. The memory 1055 may also function as a working
memory. The memory 1055 may, for example, store a body
temperature calculated by the controller 1054.

[0069] In the memory 1055, music information and other
sound information to be outputted from the sound output
unit 16 of the measurement instrument 100 is stored. The
controller 1054 is configured to extract predetermined sound
information from the memory 1055 based on an input
operation or the like by the user, and output the extracted
information to the sound output unit 16 of the measurement
instrument 100 via the actuator 1058. Based on the received
sound information, the sound output unit 16 outputs sound.
[0070] Here, sound data to be stored in the memory 1055
will be described with reference to FIG. 6. FIG. 6 is a
conceptual diagram of sound data to be stored in the memory
1055.

[0071] As illustrated in FIG. 6, sound data of health
information 600, music information 630 and environment
information 650 are stored in the memory 1055. The health
information 600 includes, for example, information 601 for
notification of “the body temperature is higher than aver-
age”, and information 603 for notification of “the body
temperature is lower than average”. The average here may,
for example, be an average of a typical adult or an average
of a subject. In the present disclosure, the health information
600 is not limited to those illustrated in FIG. 6, and may be
any other sound information.

[0072] The music information 630 includes, for example,
pieces of music information 631, 633, 635, 637, 639 and
641. In the present disclosure, the music information is not
limited to six pieces, and may be any number.

[0073] The environment information 650 includes, for
example, sound information related to the surrounding envi-
ronment of the measurement instrument 100, such as infor-
mation 651 for notification of a temperature rise after a
predetermined time, information 653 for notification of a
temperature fall after a predetermined time, information 655
for notification of a rainfall after a predetermined time, and
the like. In the present disclosure, the environment infor-
mation 650 is not limited to those illustrated in FIG. 6, and
may be any other environment information, such as infor-
mation for notification of a snowfall or a fog, information
related to road conditions such as a traffic jam or a traffic
accident, and information related to operation status of a
train, a bus, an airplane, and the like.

[0074] The communication interface 1056 transmits and
receives various kinds of information by communicating
with an external device via a network. The external device
that the communication interface 1056 communicates with
may, for example, be server, a PC (Personal Computer), a
mobile phone, a smartphone, a tablet, a wristwatch, a
massage machine, any other devices, or any combinations of
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these. The communication interface 1056 transmits and
receives information to and from the external device using
a network configured in a wireless manner, a wired manner,
or a combination of these. For example, the communication
interface 1056 can use, for example, Bluetooth, infrared
radiation, NFC, wireless LAN (Local Area Network), wired
LAN, any other communication mediums, or any combina-
tions of these. The communication interface 1056 acquires
biological information related to body temperature mea-
sured by the measurement unit 15 by communicating with
the measurement instrument 100.

[0075] The notification interface 1057 notifies information
by sound, light, image, vibration, or other appropriate meth-
ods. The notification interface 1057 may be constituted, for
example, by a liquid crystal display, a speaker, a LED (Light
Emitting Diode), a vibrator, any other notification members,
or any combination of these. The notification interface 1057
may notify, for example, information related to a measured
body temperature.

[0076] The actuator 1058 outputs a signal for actuating the
sound output unit 16 based on a control signal from the
controller 1054.

[0077] The input interface 1065 is configured to receive
input operations made by the subject using the control
apparatus, and is constituted, for example, by operation
buttons (operation keys). The input interface 1065 may also
be constituted by a touch panel, and on a part of the display
device, operation keys may be displayed to receive touch
operation input by a subject.

[0078] The power source 1066 is a battery for supplying
power for the control apparatus 500 to perform various
operations.

[0079] The measurement interface 1067 is configured to
measure the surrounding environment and the like. In the
present disclosure, the measurement interface 1067 is a
thermometer for measuring the temperature at a predeter-
mined portion. In the present disclosure, the predetermined
portion is a part of human body, thus, the temperature is
body temperature, and the thermometer is a clinical ther-
mometer. The measurement interface 1067 may, for
example, be a clinical thermometer, a thermometer, a
hygrometer, an altimeter, any other measurement instru-
ments, or any combinations of these. The measurement
interface 1067 is capable of measuring body temperature,
temperature, humidity. altitude and other data in an envi-
ronment in which the control apparatus 500 is arranged.
[0080] The controller 1054 may be configured to acquire
weather information for a date and time when a body
temperature is measured, from a weather information server
connected to the control apparatus 500 via a network, and
then transmit the acquired information to a server 1000.
[0081] Next, a measurement system 10000 in which the
measurement instrument 100 illustrated in FIG. 4 is used
will be described with reference to FIG. 7. As illustrated in
FIG. 7, the control apparatus 500 connected to the measure-
ment instrument 100 is also connected to the server 1000 via
a network 2000. In the measurement system 10000, the
server 1000 may be a PC, a mobile phone, a smartphone, a
tablet, a wristwatch, a massage machine, any other devices,
or any combination of these.

[0082] In the present disclosure, the measurement instru-
ment 100 transmits and receives information to and from the
server 1000 connected to the network 2000 via the control
apparatus 500. However, the measurement instrument 100
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may be directly connected to the network 2000 to transmit
and receive information to and from the server 1000.

[0083] The network 2000 in the present disclosure may be
the Internet. However, the network 2000 is not limited to
this, and may be any appropriate network. Further, the
network 2000 may be configured in a wireless manner, a
wired manner, or a combination of these. That is, the control
apparatus 500 and the server 1000 may be connected by the
network 2000 configured in a wired manner, a wireless
manner, or a combination of these, to transmit and receive
information to and from each other. In addition, in the
present disclosure, the server 1000 and the network 2000 are
not limited to one, and each may be at least one or more.

[0084] Next, the internal structure of the server 1000
illustrated in FIG. 7 will be described with reference to FIG.
8. FIG. 8 is a functional block diagram illustrating the
schematic configuration of the server 1000 in FIG. 7. The
server 1000 includes a communication interface 1001, a
controller 1002, and a memory 1003.

[0085] The communication interface 1001 transmits and
receives various kinds of information by communicating
with the control apparatus 500 via the network 2000. This
network 2000 may be configured in a wireless manner, a
wired manner, or a combination of these. For example, the
communication interface 1001 can use Bluetooth, infrared
radiation, NFC, wireless LAN, wired LAN, WAN (Wide
Area Network), the Internet, any other communication
mediums, or any combination of these to perform commu-
nication. In the present embodiment, the communication
interface 1001 uses the Internet to communicate with the
control apparatus 500.

[0086] The controller 1002 includes at least one processor
10024 for controlling and managing the whole server 1000,
including each functional block of the server 1000. The
controller 1002 includes at least one processor 1002« such
as a CPU configured to execute a program prescribing a
control procedure, and thus enables its function. Such a
program is stored in, for example, the memory 1003 or an
external storage medium connected to the server 1000.

[0087] According to various embodiments of the present
disclosure, the at least one processor 1002a may be pet-
formed as a single integrated circuit (IC), or as a plurality of
communicably connected integrated circuits and/or discrete
circuits. Further, the at least one processor 1002a can be
implemented in accordance with various known techniques.

[0088] In one embodiment according to the present dis-
closure, the processor 1002¢ may include one or more
circuits or units, configured to perform one or more data
calculation procedures or processes by executing instruc-
tions stored in an associated memory. In another embodi-
ment according to the present disclosure, the processor
1002¢ may be firmware, for example, a discrete logic
component, configured to perform one or more data calcu-
lation procedures or processes.

[0089] According to various embodiments of the present
disclosure, the processor 1002¢ may include one or more
processors, a controller, a microprocessor, a microcontroller,
an application specific integrated circuit (ASIC), a digital
signal processor, a programmable logic device, a field pro-
grammable gate array, any combination of these devices or
configurations, or any combination of other known devices
or configurations; and thus perform the functions as the
controller 1002.

Nov. 29,2018

[0090] The memory 1003 can be constituted by a semi-
conductor memory, a magpetic memory, or the like. The
memory 1003 stores various kinds of information and/or a
program for operating the server 1000, and the like. The
memory 1003 may also function as a working memory. The
memory 1003 may, for example, store various kinds of
information acquired by the server 1000 from the commu-
nication interface 1001.

[0091] The server 1000 is configured to receive informa-
tion related to body temperature from the control apparatus
500. Then, the server 1000 analyzes the received informa-
tion, and transmits a result indicating the analysis to the
control apparatus 500. Further, the server 1000 is capable of
receiving other information such as air temperature,
weather, disaster information and the like via the network
2000.

[0092] The server 1000 may store information received
from the control apparatus 500 in the memory 1003, as
standalone information or in association with user’s personal
information. The server 1000 may be managed by a com-
pany to which the user belongs, a government, a public
organization, a medical institution, a health management
organization, an insurance company, or the like.

[0093] In the example illustrated in FIG. 7, there is one
server 1000. However, the present disclosure in not limited
to this, and the server 1000 may be any number greater than
or equal to one. In this case, a plurality of servers 1000 may
be configured to perform the same processing, or perform
the processing illustrated in FIG. 9 described later in a
distributed manner, or perform a combination of these.
[0094] Next, an example of processing by the measure-
ment system 10000 will be described. FIG. 9 is a sequence
chart illustrating an example of processing by the measure-
ment system 10000. The sequence illustrated in FIG. 9 may
be started, for example, according to a state in which a user
is wearing the measurement instrument 100.

[0095] Initially, the control apparatus 500 receives an
operation input to start measurement from a subject (Step
S101).

[0096] Upon receiving the operation input, the control

apparatus 500 transmits a measurement start signal to the
measurement instrument 100 (Step S102).

[0097] Based on the measurement start signal, the mea-
surement instrument 100 measures biological information
using the measurement unit 15 of the measurement appara-
tus 10 (Step S103).

[0098] Then, the measurement instrument 100 transmits
the biological information measured by the measurement
unit 15 to the control apparatus 500 (Step S104).

[0099] Based on the biological information acquired from
the measurement instrument 100, the control apparatus 500
measures the body temperature of the subject (Step S105).
[0100] Then, the control apparatus 500 transmits informa-
tion related to the measured body temperature (hereinafter,
also referred to as “body temperature information) to the
server 1000 (Step S106).

[0101] Upon receiving the body temperature information
from the control apparatus 500, the server 1000 stores the
received body temperature information in the memory 1003
(Step S107).

[0102] Further, the server 1000 analyzes the body tem-
perature information received from the control apparatus
500 (Step S108). Details of the analysis of the body tem-
perature information will be described later.
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[0103] Then, the server 1000 transmits information indi-
cating a result of the analysis to the control apparatus 500
(Step S109).

[0104] Based on the received analysis result, the control
apparatus 500 transmits a sound signal related to the analysis
result to the measurement instrument 100 (Step S110).
[0105] Then, the measurement instrument 100 outputs a
sound corresponding to the sound signal from the sound
output unit 16 (Step S111). Through the output of the sound,
the subject can be notified of the analysis result.

[0106] In Step S110, the control apparatus 500 may output
a notification corresponding to the analysis result from the
notification interface 1057 without transmitting the sound
signal.

[0107] Next, the data to be stored in the server 1000
illustrated in FIG. 7 will be described with reference to
FIGS. 10A, 10B, 10C, and 10D. FIGS. 10A. 10B, 10C, and
10D are configuration diagrams illustrating examples of data
to be stored in the server 1000 illustrated in FIG. 7. The
information illustrated in FIGS. 10A, 10B, 10C, and 10D
may be acquired by measurement, by the server 1000 via the
network 2000, or by user’s input.

[0108] FIG. 10A illustrates a data structure D10 with user
1D 3001 and measurement date and time 3003 as primary
keys. Here, in FIGS. 10A, 10B, 10C, and 10D, a black dot
is attached to each primary key. At least one or more data of
values corresponding to attributes of each column are stored
in each column.

[0109] User ID 3001 is a value that uniquely corresponds
to a user. Measurement date and time 3003 is a value of the
date and time when the biological information was mea-
sured. The measurement date and time may have a certain
range, such as an hour (for example, from 0:00 to 1:00), a
time period (for example, in the morning), a date (for
example, January 1), a month (for example, January), a
plurality of months (for example, from January to March), a
year (for example, 2100), or the like.

[0110] Body temperature 3005 is information related to a
body temperature measured at the measurement date and
time 3003 by a user identified by the user ID 3001. Weather
3007 is a value of the weather at the measurement date and
time 3003. The temperature 3009 is information indicating
the atmospheric temperature at measurement date and time
3003.

[0111] FIG. 10B illustrates a data structure D20 with the
user ID 3001 as a primary key. Age 3011 is the age of the
user identified by user ID 3001. Gender 3013 is the gender
of the user identified by user ID 3001.

[0112] FIG. 10C illustrates a data structure D30 with
measurement date and time 3003, weather 3007, tempera-
ture 3009, age 3011, and gender 3013 as primary keys.
Average body temperature 3015 is an average value of body
temperatures measured in a user group identified by mea-
surement date and time 3003, weather 3007, temperature
3009, age 3011, and gender 3013. That is, average body
temperature 3015 is an average body temperature of a group
to which the user belongs.

[0113] FIG. 10D illustrates a data structure D40 with user
1D 3001, measurement date and time 3003, weather 3007,
and temperature 3009 as primary keys. Individual average
body temperature 3017 is an average value of body tem-
peratures of a specific user measured in a predetermined
situation, and is identified by user ID 3001, measurement
date and time 3003, weather 3007, and temperature 3009.
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[0114] Next, analysis processing of body temperature
information by the server 1000 illustrated in FIG. 7 will be
described in detail with reference to FIG. 11. FIG. 11 is a
flowchart illustrating an example of analysis processing of
biological information by the server 1000 illustrated in FIG.
7. That is, FI1G. 11 is a flowchart illustrating an example of
the detailed processing of Step S108 illustrated in FIG. 9.
The processing illustrated in FIG. 11 can be realized, for
example, by the processor 1002q illustrated in FIG. 8
cooperating with the program stored in the memory 1003.
[0115] As described above, the server 1000 receives the
body temperature information transmitted from the control
apparatus 500 via the network 2000 in Step S106 illustrated
in FIG. 9. At this time, the server 1000 may further acquire
information regarding user ID, measurement date and time,
weather, and temperature from the control apparatus 500.
[0116] Based on the acquired information, in Step S107,
the server 1000 generates the data structure D10 illustrated
in FIG. 10A and stores the same in the memory.

[0117] Then, the server 1000 determines whether the sub-
ject’s body temperature indicated by the received body
temperature information (hereinafter, also referred to as
“measured body temperature”) is higher than the average
body temperature in the data structure D30 illustrated in
FIG. 10C with reference to the data structure D10, the data
structure D20, and the data structure D30 (Step S201).
[0118] When the measured body temperature is lower than
the average body temperature in the data structure D30
illustrated in FI1G. 10C (Step S201: No), the server 1000 then
determines whether the measured body temperature is
higher than the individual average body temperature in the
data structure D40 illustrated in FIG. 10D with reference to
the data structure D10 and the data structure D40 (Step
S202).

[0119] When the measurement body temperature is lower
than the individual average body temperature in the data
structure D40 illustrated in FIG. 10D (Step S202: No), the
server 1000 then generates normal information indicating
that the measured result is normal (Step S203). This is
because when the measured body temperature is lower than
the individual average body temperature, it can be deter-
mined to be normal. The generated normal information is
then transmitted to the control apparatus 500 as a result of
the analysis in Step S109 illustrated in FIG. 9.

[0120] On the other hand, when the measured temperature
is higher than the individual average body temperature in the
data structure D40 illustrated in FIG. 10D (Step S202: Yes),
the server 1000 generates abnormal information indicating
that the measured result is abnormal (Step S204). This is
because when the measured temperature is higher than the
individual average body temperature, it can be determined to
be abnormal. The generated abnormal information is then
transmitted to the control apparatus 500 a result of the
analysis in Step S109 illustrated in FIG. 9.

[0121] Further, when the measured body temperature is
higher than the average body temperature in the data struc-
ture D30 illustrated in FIG. 10C (Step S201: Yes), the server
1000 generates abnormal information indicating that the
measured result is abnormal (Step S204). This is because
when the measured body temperature is higher than the
average body temperature, it can be determined to be
abnormal. The generated abnormal information is then
transmitted to the control apparatus 500 as a result of the
analysis in Step S109 illustrated in FIG. 9.
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[0122] Upon receiving the analysis information from the
server 1000, the control apparatus 500 transmits a sound
signal related to the analysis result, based on the normal
information or the abnormal information included in the
analysis information, to the measurement instrument 100
(Step S110). Then, the measurement instrument 100 outputs
a sound corresponding to the sound signal (Step S111). In
addition to sound, the measurement instrument 100 may
notify the analysis result by light, image, vibration, other
notification means, or any combination of these.

[0123] Ithas been described that the first opening 17a, the
second opening 17b, and the point P are arranged on a
straight line in the present embodiment, however, the first
opening 17a, the second opening 175, and the point P are not
necessarily to be arranged on a straight line. The first
opening 17a and the second opening 176 may be arranged
at any positions on the substrate 14 that satisfy AD=L(n+%3).

Embodiment 2

[0124] FIG. 12 is a schematic diagram illustrating the
internal structure of a measurement apparatus 20 according
to Embodiment 2. With respect to the measurement appa-
ratus 20 according to Embodiment 2, description of points
similar to those of Embodiment 1 will be omitted, and
different points will be described. In Embodiment 2, the
same reference numbers are assigned to functional units
similar to those of Embodiment 1.

[0125] In the measurement apparatus 20 according to the
present embodiment, a duct 21 with a pipe-like shape is
provided in the holder 11 and/or the earpiece 12. The duct 21
functions as a path, extending from an opening provided on
the substrate 14 to the first end 13a of the metal tube 13, for
sound outputted from the sound output unit 16. As illustrated
in FIG. 12, the duct 21 is only connected to the first opening
17a, and is not connected to the second opening 175.
[0126] In the present embodiment, the first path is a path
from the sound output unit 16 to the first end 13a via the first
opening 17a and through the duct 21; and similar to Embodi-
ment 1, the second path is a path from the sound output unit
16 to the first end 134 via the second opening 175. Further,
in the present embodiment, the first opening 17a and the
second opening 176 may be provided on the substrate 14
with equal distances or different distances from the point P.
[0127] In the present embodiment, the length of the duct
21 is determined so as to satisfy AD=ID1-D2I=L(n+%2). The
difference AD between the distance D1 of the first path and
the distance D2 of the second path occurs by virtue of the
duct 21, and thus sound having the target acoustic charac-
teristics indicated by the broken line in FIG. 2 is inputted to
the first end 13a. As a result, sound having the characteristics
of a smaller sound pressure difference for each frequency
over the entire frequency band is outputted from the second
end 135. In this manner, the acoustic characteristics of the
measurement apparatus 20 according to the present embodi-
ment can also be improved. Further, it is to be noted that, in
the present embodiment, when the first opening 174 and the
second opening 175 are provided at different distances from
the point P, the difference between the distance from the
point P to the first opening 17a and the distance from the
point P to the second opening 174 is also reflected in AD.
[0128] In the example illustrated in FIG. 12, the duct 21 is
only connected to the first opening 17a, and is not connected
to the second opening 17b. However, the present embodi-
ment in not limited to this. For example, the duct 21 may be
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connected to the second opening 175 instead of the first
opening 17a. In addition, two ducts 21 with different lengths
may be respectively connected to the first opening 17a and
the second opening 175. Also in these examples, the ducts 21
are provided such that the difference AD between the dis-
tance D1 of the first path and the distance D2 of the second
path satisfies AD=I.(n+'4). Thereby, the acoustic character-
istics of the measurement apparatus 20 can be improved.

Embodiment 3

[0129] FIG. 13 is a schematic diagram illustrating the
internal structure of a measurement apparatus 30 according
to Embodiment 3. With respect to the measurement appa-
ratus 30 according to Embodiment 3, description of points
similar to those of Embodiment 1 will be omitted, and
different points will be described. In Embodiment 3, the
same reference numbers are assigned to functional units
similar to those of Embodiment 1.

[0130] In the measurement apparatus 30 according to the
present embodiment, the sound output unit 16 is provided at
a position which does not intersect the axis A. The sound
output unit 16, for example, in a top view, may be provided
at a position separated from the point P by a distance larger
than the distance d1 from the point P to the first opening 17a
and the distance d2 from the point P to the second opening
17b. In the example illustrated in FIG. 13, the first opening
17a, the second opening 175, the point P, and the sound
output unit 16 are not provided on a straight line in the top
view of the measurement apparatus 30. Further, the sound
output unit 16 is provided on the opposite side of the second
opening 175 with respect to the first opening 17a.

[0131] In this case, as illustrated in FIG. 13, the first path
is a path from the sound output unit 16 to the first end 13a
via the first opening 17a; and the second path is a path from
the sound output unit 16 to the first end 13a through the
second surface 145 of the substrate 14 and via the second
opening 175. The positions of the first opening 17a and the
second opening 175 on the substrate 14, and the position of
the sound output unit 16 in the measurement apparatus 30
are determined appropriately so as to satisfy AD=ID1-
D2I=L(u+'5). Thereby, sound having the target acoustic
characteristics indicated by the broken line in FIG. 2 is
inputted to the first end 13a. As a result, sound having the
characteristics of a smaller sound pressure difference for
each frequency over the entire frequency band is outputted
from the second end 1354. In this manner, the acoustic
characteristics of the measurement apparatus 30 according
to the present embodiment can also be improved.

[0132] FIG. 14 is a schematic diagram illustrating the
appearance of the measurement instrument 100 provided
with the measurement apparatus 30. The measurement
instrument 100, as an example illustrated in FIG. 14, can be
configured as a headband type earphone. The measurement
instrument 100 includes a wearing portion 110, a first
measurement portion 120a and a second measurement por-
tion 1205, and a first connector 130a and a second connector
1305. The measurement instrument 100 may, for example,
be wearable on a subject’s head.

[0133] The wearing portion 110 is a mechanism for keep-
ing the wearing state of the measurement instrument 100 to
a subject. In the present embodiment, the wearing portion
110, for example, has an arch shape as illustrated in FIG. 14.
A subject can wear the measurement instrument 100 by
sandwiching the head with the wearing portion 110. The
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wearing portion 110 may, for example, have a mechanism
such that the length of the wearing portion 110 can be
adjusted according to the size of the subject’s head. The
wearing portion 110 may be formed from plastic or the like.

[0134] The first measurement portion 120a is provided at
the first end 110a of the wearing portion 110, and is
connected to the wearing portion 110 via the first connector
130q; and the second measurement portion 1205 is provided
at the second end 1105 of the wearing portion 110, and is
connected to the wearing portion 110 via the second con-
nector 1306. That is, the wearing portion 110, the first
measurement portion 120¢ and the second measurement
portion 1205, and the first connector 130a and the second
connector 1305, are configured as one measurement instru-
ment 100 which is connected as a whole. The first connector
130q is formed at a portion connecting the first measurement
portion 120q and the first end 110a of the wearing portion
110, and the second connector 1305 is formed at a portion
connecting the second measurement unit 1205 and the
second end 1105 of the wearing portion 110.

[0135] The first measurement portion 1204 and the second
measurement portion 1205 are the measurement apparatus
30 illustrated in FIG. 13 realized in the measurement instru-
ment 100. That is, the first measurement portion 120a and
the second measurement portion 1205 have a configuration
similar to that of the measurement apparatus 30. The first
measurement portion 120a and the second measurement
portion 1204 may, for example, be configured symmetrically
and have similar functions. In the present description, when
there is no need to distinguish the first measurement portion
120a and the second measurement portion 1205, these are
collectively referred to as measurement portion 120.

[0136] The first measurement portion 120a is configured
to measure body temperature in the right ear when the
earpiece 12a is inserted in the concha of the right ear; and
the second measurement 1205 is configured to measure body
temperature in the left ear when the earpiece 125 is inserted
in the left ear.

[0137] FIG. 15 is a cross-sectional view taken from line
A-A of the measurement instrument 100 illustrated in FIG.
14. As illustrated in FIG. 15, the outer shape of the first
measurement portion 120q is formed by coupling the holder
11 and the earpiece 12a. As viewed from the insertion
direction, a cylindrical space is provided in the center of the
earpiece 12a. In this space, the metal tube 13 is held. The
substrate 14 is provided inside the holder 11. The measure-
ment unit 15 is arranged on the first surface 14a of the
substrate 14 at a position crossing the axis A. The substrate
14 has the first opening 17a and the second opening 175. The
sound output unit 16 is provided at a position which does not
intersect the axis A. The positions of the first opening 17a
and the second opening 175 on the substrate 14, and the
position of the sound output 16 in the measurement appa-
ratus 30 are determined appropriately so as to satisfy
AD=ID1-D2=L(n+'%). Since the structure of the second
measurement portion 1205 may be configured symmetri-
cally with the first measurement portion 120q, the descrip-
tion thereof will be omitted.

[0138] With the above configuration, the measurement
instrument 100 can easily measure the body temperature of
a subject wearing the measurement instrument 100 accu-
rately, and improve the acoustic characteristics of sound to
be outputted.
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[0139] Ithas been described that, the measurement instru-
ment 100 illustrated in FIG. 14 includes two measurement
portions, namely, the first measurement portion 120a and the
second measurement portion 1205. However, the measure-
ment instrument 100 may, for example, include only one
measurement portion. For example, one of the first mea-
surement portion 120a and the second measurement portion
1205 has the functions of measuring subject’s body tem-
perature and outputting sound, and the other one only has the
function of outputting sound. In addition, the measurement
instrument 100 may determine the subject’s body tempera-
ture based on body temperature values acquired from two
measurement portions, namely, the first measurement por-
tion 120a and the second measurement portion 1205, for
example, by calculating the average value of two body
temperature values.

[0140] The measurement instrument 100 illustrated in
FIG. 14 may be configured such that one of the first
measurement portion 120¢ and the second measurement
portion 1205 is the measurement apparatus 30 according to
the present embodiment, and the other one is a measurement
apparatus for measuring biological information other than
body temperature. For example, the other one may be
configured as a blood flow measurement apparatus to be
inserted in a subject’s ear to measure the blood flow of the
subject. The blood flow measurement apparatus may, for
example, be configured to irradiate laser light to the subject
and calculate the blood flow based on the reflected light of
the laser light. In another example, the other one may be
configured as an oxygen saturation measurement apparatus
to be inserted in a subject’s ear to measure the oxygen
saturation of the subject. The oxygen saturation measure-
ment apparatus may, for example, be configured to irradiate
visible light and infrared light to the subject and calculate the
oxygen saturation based on the ratio of the intensities of the
visible light and the infrared light passing through the
subject or reflected from the subject.

Embodiment 4

[0141] Next, Embodiment 4 will be described. In Embodi-
ment 4, a smartphone 3000 is used instead of the control
apparatus 500, which is used in the measurement system of
Embodiment 1. In Embodiment 4, the same reference num-
bers are assigned to members similar to those of Embodi-
ment 1, and description thereof will be omitted.

[0142] FIG. 16 illustrates a configuration example of a
measurement system 20000 according to Embodiment 4. As
illustrated in FIG. 16, compared to the measurement system
10000 according to Embodiment 1, the smartphone 3000
instead of the control apparatus 500 is used in the measure-
ment system 20000 according to the present embodiment.
The smartphone 3000 is communicably connected to the
measurement instrument 100 in a wireless manner, a wired
manner, or a combination of these. In addition, the smart-
phone 3000 is communicably connected to the server 1000
via the network 2000.

[0143] Next, an example of the functional blocks provided
by the smartphone 3000 illustrated in FIG. 16 will be
described with reference to FIG. 17. The smartphone 3000
includes a controller 3031, a memory 3032, an input inter-
face 3033, a display 3034, and a communication interface
3035 as function units.

[0144] The controller 3031 includes at least one processor
3031a for controlling and managing the whole smartphone
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3000, including each functional block of the smartphone
3000. The controller 3031 includes at least one processor
3031a such as a CPU configured to execute a program
prescribing a control procedure, and thus enables its func-
tions. Such a program is stored in, for example, the memory
3032 or an external storage medium connected to the
smartphone 3000. As the specific configuration of the pro-
cessor 3031a, those enumerated in the description of the
processor 1054a can be used.

[0145] The controller 3031 may perform the same pro-
cessing with the controller 1054 of the control apparatus 500
in Embodiment 1.

[0146] The memory 3032 can be constituted by a semi-
conductor memory, a magnetic memory, or the like. The
memory 3032 stores various kinds of information, a pro-
gram for operating the smartphone 3000, and the like. The
memory 3032 may also function as a working memory.
[0147] The input interface 3033 is configured to receive
operation input by a user of the smartphone 3000 (for
example, a subject), and is constituted by, for example,
operation buttons (operation keys). The input interface 3033
may also be constituted by a touchscreen, and on a part of
the display device which is the display 3034, an input area
may be displayed to receive touch operation input by a user.
[0148] The display 3034 is constituted by a well-known
display, for example, a LCD (Liquid Crystal Display), an
OELD (Organic Electro-Luminescence Display), or an
IELD (Inorganic Electro-Luminescence Display).

[0149] The communication interface 3035 transmits and
receives various kinds of information by communicating
with the measurement instrument 100 and the server 1000,
The communication interface 3035 can transmit and receive
information using a network configured in a wireless man-
ner, a wired manner, or a combination of these.

[0150] Next, an operation screen of the smartphone illus-
trated in FIG. 16 will be described with reference to F1G. 18.
FIG. 18 is a schematic diagram of the operation screen of the
smartphone 3000 illustrated in FIG. 16.

[0151] As illustrated in FIG. 18, a start button 3010,
various functional buttons 3012, 3014 and 3016, and a stop
button 3020 are displayed on the display 3034 of the
smartphone 3000. The display 3034 of the smartphone 3000
is a touch panel display. When a user touches an image
displayed on the display 3034 with a finger or the like, an
operation input corresponding to the image is performed.
For example, a subject can start measurement processing of
biological information by the measurement instrument 100,
by performing the operation input of selecting the start
button 3010. For each of the various functional buttons
3012, 3014 and 3016, for example, a function to start
predetermined processing may be set.

[0152] According to the present disclosure, by providing a
function for starting predetermined processing, for example,
when storing vital data at an arbitrary time point or when
recording vital data continuously, it is possible to tag the
data as marks for review. Also, according to the present
disclosure, by provided a function for starting predetermined
processing, for example, acquisition of location information
and recording of surrounding scenery may also be per-
formed at the same time. As a specific example, in the case
of jogging, there are ways to use this function such as
tagging at the first point of the jogging course, tagging at the
second point of the jogging course, tagging at the third point
of the jogging course, and the like. In another specific
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example, in the case of running on a bicycle, there are ways
to use this function such as tagging at the first point of the
cycling course, tagging at the second point of the cycling
course, tagging at the third point of the cycling course, and
the like.

[0153] Next, an example of processing performed by the
measurement system 20000 illustrated in FIG. 16 will be
described with reference to FIG. 19. FIG. 19 is a sequence
chart illustrating an example of processing by the measure-
ment system 20000. The sequence illustrated in FIG. 19 may
be started, for example, with a user wearing the measure-
ment instrument 100.

[0154] Initially, the smartphone 3000 receives an opera-
tion input indicating measurement start from a subject (Step
S301).

[0155] Upon receiving the operation input, the smartphone

3000 transmits a measurement start signal to the measure-
ment instrument 100 (Step S302).

[0156] Based on the measurement start signal, the mea-
surement instrument 100 measures biological information
using the measurement unit 15 of the measurement appara-
tus 10 (Step S303).

[0157] Then, the measurement instrument 100 transmits
the biological information measured by the measurement
unit 15 to the smartphone 3000 (Step S304).

[0158] Based on the biological information acquired from
the measurement instrument 100, the smartphone 3000
measures the body temperature of the subject (Step S305).
[0159] Then, the smartphone 3000 transmits information
indicating the measured body temperature to the server 1000
(Step S306).

[0160] Upon receiving the body temperature information
from the smartphone 3000, the server 1000 stores the
received body temperature information in the memory 1003
(Step S307).

[0161] Further, the server 1000 analyzes the body tem-
perature information received from the smartphone 3000
(Step S308).

[0162] Then, the server 1000 transmits information indi-
cating the result of the analysis to the smartphone 3000 (Step
S309).

[0163] Based on the received analysis result, the smart-
phone 3000 transmits a sound signal related to the analysis
result to the measurement instrument 100 (Step S310).
[0164] Then, the measurement instrument 100 outputs a
sound corresponding to the sound signal from the sound
output unit 16 (Step S311). Through the output of the sound,
the subject can be notified of the analysis result.

[0165] 1In Step S310, the smartphone 3000 may output a
notification without transmitting the sound signal. For
example, the smartphone 3000 may perform the notification
by displaying the analysis result on the display 3034.
[0166] Further, for example, the controller 3031 of the
smartphone 3000 may cause the display 3004 to display a
list of music information stored in the memory 3032. In
addition, the controller 3031 may cause the measurement
instrument 100 to output music of the display list selected by
a user via the input interface 3033.

[0167] However, the measurement instrument 100 accord-
ing to the present disclosure is not limited to the examples
described in the above embodiments. Note that the mea-
surement instrument 100 may have various modifications
including earphone type, such as a type in which on only one
ear an earpiece is to be worn, and the like.
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[0168] A plurality of embodiments has been described for
a complete and clear disclosure. However, it is to be noted
that the appended claims are not limited to the embodiments
described above, and are to be construed as encompassing
all of the possible modifications and alternate configurations
that a person of ordinary skill in the art could make within
the scope of the fundamental features illustrated in this
disclosure. Moreover, each requirement described in these
embodiments can be freely combined.

[0169] For example, it has been described in the above
embodiments that the substrate 14 has two openings, but the
number of openings provided on the substrate 14 is not
necessarily two. For example, the substrate 14 may have
three or more openings, resulting in a corresponding number
of paths in the measurement apparatus. These openings are
provided at positions on the substrate 14 such that the
acoustic characteristics of sound to be inputted to the first
end 13a of the metal tube 13 meet the target acoustic
characteristics.

[0170] In Embodiment 1, it has been described that the
first path and the second path are distinguished by the first
opening 17a and the second opening 175 provided on the
substrate 14. The first path and the second path, however, are
not necessarily to be distinguished by the first opening 17a
and the second opening 175 provided on the substrate 14.
For example, two ducts extending from the sound output
unit 16 to the first end 13a of the metal tube 13 may be
provided, and thereby the first path and the second path are
distinguished.

[0171] Further, in the above embodiments, the music data
may be stored in the control apparatus 500 and the smart-
phone 3000, and the music may be transmitted to the
measurement instrument 100 as sound information to be
outputted from the measurement instrument 100, upon an
operation from the control apparatus 500 or the smartphone
3000.

[0172] In addition, in each of the above embodiments, it
has been assumed that, for example, the analysis of body
temperature information is performed by the server 1000,
however, the present disclosure is not limited to this. For
example, the analysis of biological information such as body
temperature information may be performed by the measure-
ment apparatus 500 or the smartphone 3000.

1. A measurement apparatus, comprising:

a metal tube having a first end and a second end;

a measurement unit which is arranged at a first end side
of the metal tube and is capable of measuring electro-
magnetic radiation incident from the second end of the
metal tube;

a sound output unit configured to output sound; and

a first path and a second path to the first end of the metal
tube for sound outputted from the sound output unit;
wherein

the first path and the second path have different lengths.

2. The measurement apparatus according to claim 1,

wherein a difference in length between the first path and the
second path is such that an acoustic characteristic at the first
end of the metal tube of sound outputted from the sound
output unit is a predetermined target acoustic characteristic.
3. The measurement apparatus according to claim 1,
wherein the first path, the second path, and a length from the
first end to the second end of the metal tube satisfy:

D1-D2|=L(n+'%) M
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wherein D1 represents a length of the first path, D2 repre-
sents a length of the second path, L represents a length of the
metal tube, and n is an integer greater than or equal to 0.

4. The measurement apparatus according to claim 1,

further comprising a substrate which is provided between
the metal tube and the sound output unit and has a first
opening and a second opening; wherein

the first path is a path via the first opening; and

the second path is a path via the second opening.

5. The measurement apparatus according to claim 1,
further comprising a duct forming at least one of the first
path and the second path.

6. The measurement apparatus according to claim 1,
wherein the electromagnetic radiation is infrared radiation.

7. The measurement apparatus according to claim 1,
wherein the metal tube is a cylindrical member comprising
an inner surface with high reflectance.

8. A measurement instrument, comprising:

a first measurement unit configured as a blood flow
measurement apparatus capable of measuring blood
flow; and

the measurement apparatus according to claim 1.

9. A measurement system, comprising:

the measurement apparatus according to claim 1;

a control apparatus for controlling operation of the mea-
surement apparatus; and

a server connected to the measurement apparatus via a
network, wherein the server is configured to receive
information on electromagnetic radiation measured by
the measurement apparatus, analyze the received infor-
mation based on information stored in a memory, and
transmit the analyzed information to the control appa-
ratus.

10. The measurement system according to claim 9,
wherein the server is configured to store at least one of an
average body temperature and an individual average body
temperature, and generate analyzed information based on
the received information and at least one of the average body
temperature and the individual average body temperature.

11. The measurement system according to claim 9,
wherein a memory of the control apparatus is configured to
store, as sound output information to be outputted to a
measurement instrument, at least one of health information
indicating a health condition, music information related to
music, and environmental information around the measure-
ment apparatus, wherein the measurement instrument com-
prises a first measurement unit configured as a blood flow
measurement apparatus capable of measuring blood flow
and the measurement apparatus according to claim 1.

12. A measurement system, comprising:

the measurement apparatus according to claim 1;

a smartphone configured to control operation of the
measurement apparatus; and

a server connected to the measurement apparatus via a
network, wherein the server is configured to receive
information on electromagnetic radiation measured by
the measurement apparatus, analyze the received infor-
mation based on information stored in a memory, and
transmit analysis information indicating a result of the
analysis to the control apparatus.

13. A server connected to a control apparatus for control-

ling operation of the measurement apparatus according to
claim 1 via a network; wherein the server is configured to
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receive information on electromagnetic radiation mea-

sured by the measurement apparatus,

analyze the received information based on information

stored in a memory, and

transmit analysis information indicating a result of the

analysis to the control apparatus.

14. An analysis method performed by a server connected
to a control apparatus configured to control operation of the
measurement apparatus according to claim 1 via a network,
comptrising:

receiving information on electromagnetic radiation mea-

sured by the measurement apparatus;

analyzing the received information based on information

stored in a memory; and

transmitting analysis information indicating a result of the

analysis to the control apparatus.

15. A non-transitory computer readable storage medium
storing an analysis program which, when executed by a
computer, causes the computer to

receive information on electromagnetic radiation mea-

sured by the measurement apparatus according to claim
1
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analyze the received information based on information
stored in a memory; and

transmit analysis information indicating a result of the
analysis to a control apparatus.

16. A data structure configured for use in a computer,
comprising:
information on electromagnetic radiation measured by a
measurement apparatus according to claim 1;
a user ID of a user of the measurement apparatus;

an average body temperature of a group to which the user
belongs: and

an individual average body temperature of the user;
wherein

the computer is used to determine whether information on
electromagnetic radiation measured by the measure-
ment apparatus is abnormal based on at least one of the
average body temperature and the individual average
body temperature.
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