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(7) ABSTRACT

A wearable device includes a measurement unit that mea-
sures biological information of a user. A smartphone
includes a controller that performs a predetermined preven-
tive action based on the measured biological information
and on atmospheric pressure information. The smartphone
further includes a first reporting interface that reports the
start of measurement of the biological information based on
the atmospheric pressure information. The wearable device
also includes a vibration unit that provides the user with
vibration as the preventive action.
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ELECTRONIC DEVICE, SERVER, DATA
STRUCTURE, PHYSICAL CONDITION
MANAGEMENT METHOD, AND PHYSICAL
CONDITION MANAGEMENT PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and the
benefit of Japanese Patent Application No. 2017-125505
filed Jun. 27, 2017, Japanese Patent Application No. 2017-
138398 filed Jul. 14, 2017, Japanese Patent Application No.
2017-151907 filed Aug. 4, 2017, and Japanese Patent Appli-
cation No. 2017-181820 filed Sep. 21, 2017, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an electronic
device, a server, a data structure, a physical condition
management method, and a physical condition management
program capable of preventing a change in physical condi-
tion due to the weather.

BACKGROUND

[0003] An audio device provided with a living body
sensing function has been developed. For example, see
patent literature (PTL) 1.

[0004] It is also known that one’s physical condition may
worsen for reasons such as a change in atmospheric pressure
when the weather changes. A physical condition manage-
ment application that is usable on a smartphone or the like
has been developed focusing on pain, such as headaches,
occurring when the atmospheric pressure varies. For
example, see non-patent literature (NPL) 1.

CITATION LIST

Patent Literature

[0005] PTL 1: JP2016-55155A
Non-Patent Literature
[0006] NPL 1: SATO, Jun, “Heal weather-related pain and

say goodbye to headaches, vertigo, and stress!”, 1* edi-
tion, 2" printing, Fusosha Publishing Inc., Nov. 1, 20135,
pp- 21-23, pp. 33-37, pp. 112-114

SUMMARY

[0007] An electronic device of the present disclosure
includes a measurement unit configured to measure biologi-
cal information of a user and a controller configured to
perform a predetermined preventive action based on the
biological information measured by the measurement unit
and atmospheric pressure information.

[0008] An electronic device of the present disclosure
includes an environment measurement unit configured to
measure environment information of an environment around
a user and a controller configured to perform a predeter-
mined preventive action based on the environment informa-
tion and atmospheric pressure information.

[0009] A server of the present disclosure is connected over
a network to an electronic device, receives the atmospheric
pressure information from the electronic device, and pro-
vides the electronic device with a notification of timing for

Apr. 16, 2020

measurement of biological information based on the atmo-
spheric pressure information. The electronic device is con-
figured to report measurement of biological information
based on the notification.

[0010] A server of the present disclosure is connected over
a network to an electronic device, receives the biological
information from the electronic device, and transmits an
instruction to execute the preventive action to the electronic
device based on the biological information. The electronic
device is configured to perform the preventive action based
on the instruction.

[0011] A data structure of the present disclosure includes
biological information related to a heart rate of a user and
information related to atmospheric pressure. The data struc-
ture is configured to cause an electronic device to acquire the
information related to the heart rate of the user based on the
information related to atmospheric pressure and perform a
predetermined preventive action based on the information
related to the heart rate.

[0012] A physical condition management method of the
present disclosure includes measuring biological informa-
tion of a user and performing a predetermined preventive
action based on the measured biological information and
atmospheric pressure information.

[0013] A physical condition management program of the
present disclosure causes a computer to measure biological
information of a user and perform a predetermined preven-
tive action based on the measured biological information
and atmospheric pressure information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the accompanying drawings:

[0015] FIG. 1 is an overall schematic view of a physical
condition management system 1000 to which a first embodi-
ment of an electronic device according to the present dis-
closure is applied;

[0016] FIG. 2 is a schematic view of a wearable device
101 illustrated in FIG. 1,

[0017] FIG. 3 is a wearing schematic view of the wearable
device 101 illustrated in FIG. 1,

[0018] FIG. 4 is a schematic configuration diagram of a
measurement unit 201L;

[0019] FIG. 5 illustrates the internal configuration of each
apparatus in the physical condition management system
1000 illustrated in FIG. 1;

[0020] FIG. 6 is a table, stored in a storage 507 illustrated
in FIG. 5, of atmospheric pressure information by hour at a
predetermined location A,

[0021] FIG. 7 is graph of the table illustrated in FIG. 6;
[0022] FIG. 8 is a conceptual diagram of information
stored in the storage 507 illustrated in FIG. 5;

[0023] FIG. 9 is a conceptual diagram of a data structure
of the information stored in the storage 507;

[0024] FIG. 10 is a conceptual diagram of a data structure
of the information stored in the storage 507;

[0025] FIG. 11 is a conceptual diagram of information
stored in a storage 527 illustrated in FIG. 5;

[0026] FIG. 12 is a flowchart of operations of the physical
condition management system 1000 illustrated in FIG. 1;
[0027] FIG. 13 is a graph illustrating atmospheric pressure
analysis operations by a smartphone 103 illustrated in FIG.
12;
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[0028] FIG. 14 is a notification screen, at the start of
biological information measurement, displayed on a touch
panel display 1001 of a reporting interface 511 of the
smartphone 103;

[0029] FIG. 15 is a flowchart for the smartphone 103 to
judge necessity of a preventive action as illustrated in step
S827 of FIG. 12;

[0030] FIG. 16 is a flowchart for the smartphone 103 to
judge necessity of a preventive action as illustrated in step
S827 of FIG. 12;

[0031] FIG. 17 is a flowchart for the smartphone 103 to
judge necessity of a preventive action as illustrated in step
S827 of FIG. 12;

[0032] FIG. 18 is a schematic view of a screen, displayed
on the touch panel display 1001 of the smartphone 103,
instructing to start a preventive action;

[0033] FIG. 19 is a schematic view of a massage action
reporting screen displayed on a touch panel display of the
reporting interface 511 of the smartphone 103;

[0034] FIG. 20 is a block diagram illustrating the configu-
ration of a vibration unit 205L;

[0035] FIG. 21 is a schematic view illustrating flexing of
a panel 1603 due to a piezoelectric element 1601;

[0036] FIG. 22 is a schematic configuration diagram of a
measurement unit 18011 of an electronic device according
to a second embodiment;

[0037] FIG. 23 is a schematic view illustrating an example
blood flow waveform acquired by the measurement unit
1801L;

[0038] FIG. 24 is an internal block diagram of a physical
condition management system 20000 that uses a wearable
system 2001, which is an electronic device of a third
embodiment;

[0039] FIG. 25 is a graph illustrating atmospheric pressure
analysis operations in an electronic device of a fourth
embodiment;

[0040] FIG. 26 is a schematic view of a smartphone 2201
used in an electronic device of a fifth embodiment;

[0041] FIG. 27 is a side schematic view of the smartphone
illustrated in FIG. 26;

[0042] FIG. 28 is an internal block diagram of a physical
condition management system 24000 using the smartphone
2201 illustrated in FIG. 26;

[0043] FIG. 29 is a flowchart of operations of the physical
condition management system 24000 illustrated in FIG. 28,
[0044] FIG. 30 is a schematic configuration diagram of a
wearable system 2601, which is an electronic device of a
sixth embodiment;

[0045] FIG. 31 is a schematic configuration diagram of a
left-ear earphone 2603L illustrated in FIG. 30;

[0046] FIG. 32 is a flowchart of operations by a seventh
embodiment of an electronic device of the present disclo-
sure;

[0047] FIG. 33 is a table illustrating the relationship
between frequency and power for blood flow obtained with
a blood flow meter;

[0048] FIG. 34 is graph of the table illustrated in FIG. 33;
[0049] FIG. 35 is a block diagram of a physical condition
management system 35000 that uses an electronic device of
an eighth embodiment;

[0050] FIG. 36 is a flowchart of operations of the physical
condition management system 35000 illustrated in FIG. 35,
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[0051] FIG. 37 is an internal block diagram of a physical
condition management system 37000 that uses a wearable
system 3700, which is an electronic device of a ninth
embodiment;

[0052] FIG. 38 is a schematic configuration diagram of a
measurement unit 3711L;

[0053] FIG. 39 is a schematic view of a screen, displayed
on the touch panel display 1001 of the smartphone 103,
instructing to start an action to raise body temperature;
[0054] FIG. 40 is a schematic view of a screen, displayed
on the touch panel display 1001 of the smartphone 103,
instructing to start an action to lower body temperature;
[0055] FIG. 41 is an internal block diagram of a physical
condition management system 41000 that uses a wearable
system 4100, which is an electronic device of a tenth
embodiment;

[0056] FIG. 42 is a schematic configuration diagram illus-
trating the case of the measurement unit 201L including a
temperature sensor 4111 and a humidity sensor 4113;
[0057] FIG. 43 is a flowchart of operations of the physical
condition management system 41000 illustrated in FIG. 41,

[0058] FIG. 44 is a schematic view of a first preventive
action;

[0059] FIG. 45 is a schematic view of the first preventive
action;

[0060] FIG. 46 is a flowchart of the first preventive action;
[0061] FIG. 47 is a flowchart of the first preventive action;
[0062] FIG. 48 is a conceptual diagram of transitions

between combinations of music and vibration during the first
preventive action; and

[0063] FIG. 49 is a schematic operation view of a second
preventive action.

DETAILED DESCRIPTION

First Embodiment

[0064] A first embodiment of an electronic device accord-
ing to the present disclosure is described below with refer-
ence to the drawings. The following description of embodi-
ments of an electronic device according to the present
disclosure also serves to describe embodiments of a server,
a data structure, a physical condition management method,
and a physical condition management program according to
the present disclosure.

[0065] FIG. 1 is an overall schematic view of a physical
condition management system 1000 to which a first embodi-
ment of an electronic device according to the present dis-
closure is applied. As illustrated in FIG. 1, the physical
condition management system 1000 includes a wearable
system 100, which is the first embodiment of an electronic
device according to the present disclosure, and a server 109
connected to the wearable system 100 over a network 107.
[0066] The wearable system 100 includes a wearable
device 101 that is worn on the ears 102E of a user 102 and
a smartphone 103 that connects to the wearable device 101
over a cable 105. The wearable device 101 and the smart-
phone 103 perform at least one of transmission and recep-
tion of information over the cable 105. This smartphone 103
is the main unit of the wearable device 101.

[0067] The wearable device 101 and the smartphone 103
have been described as being connected over a wired cable
105. In the present disclosure, however, the wearable device
101 and the smartphone 103 may perform at least one of
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transmission and reception of information over a wireless
connection instead of or in addition to the wired connection.
[0068] The smartphone 103 and the server 109 are con-
nected over the network 107. The network 107 may be
wired, wireless, or a combination of both. The network 107
may be any combination of the Internet, a wireless LAN, a
wired LAN, a public telephone network, or the like. In FIG.
1, a solid line is depicted between the smartphone 103 and
the network 107, and between the server 109 and the
network 107, to indicate conceptually that the network 107
is connected to the smartphone 103 and the server 109. The
connection between the network 107 and the smartphone
103 and server 109 may be wired, wireless, or acombination
thereof.

[0069] The number of smartphones in the present disclo-
sure is not limited to one and may be any number equal to
or greater than one. Furthermore, the number of servers in
the present disclosure is not limited to one and may be any
number equal to or greater than one. In the present disclo-
sure, a plurality of servers may execute the same or different
functions.

[0070] Next, the wearable device 101 illustrated in FIG. 1
is described with reference to FIG. 2. FIG. 2 is a schematic
view of the wearable device 101 illustrated in FIG. 1.
[0071] As illustrated in FIG. 2, the wearable device 101
includes a holding portion 203L held by the auricle of the
left ear of a user. The wearable device 101 also includes a
vibration unit 2050 provided in the holding portion 2031 at
the back head side of the left ear of the user. The wearable
device 101 also includes a measurement unit 2011 provided
in the holding portion 203L at the face side of the left ear of
the user. The vibration unit 205L includes the cable 105
connected to the smartphone 103. The cable 105 may be
provided at a location other than the vibration unit 205L.
[0072] As illustrated in FIG. 2, the wearable device 101
includes a holding portion 203R held by the auricle of the
right ear of the user. The wearable device 101 also includes
a vibration unit 205R provided in the holding portion 203R
at the back head side of the right ear of the user. The
wearable device 101 also includes a measurement unit 201R
provided in the holding portion 203R at the face side of the
right ear of the user. At least one of the measurement units
201L, 201R is, for example, disposed in the temporal region.
At least one of the measurement units 2011, 201R may be
disposed in an area other than the temporal region.

[0073] The wearable device 101 illustrated in FIG. 2
includes a connector 207 connecting the vibration units
205L, 205R. Plastic, rubber, cloth, paper, resin, iron, another
material, or any combination thereof may be used in the
holding portion 203L, the holding portion 203R, and the
connector 207. At least one of the vibration units 205L,
205R is, for example, disposed at the mastoid process. At
least one of the vibration units 2050, 205R may, for
example, be disposed at a location other than the mastoid
process.

[0074] Vibration by at least one of the vibration units
2051, 205R is, for example, preferably 7 Hz or greater.
Vibration by at least one of the vibration units 205L, 205R
can stimulate the vestibular nerve in the ear. Vibration by at
least one of the vibration units 2051, 205R may be less than
7 Hz. Vibration by at least one of the vibration units 205L,
205R may be equal to or greater than 30 Hz.

[0075] The wearable device 101 of the present disclosure
may, for example, be configured by omitting at least one of
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the measurement unit 201R and the vibration unit 205R
from the configuration illustrated in FIG. 2. The wearable
device 101 of the present disclosure may, for example, be
configured by omitting at least one of the measurement unit
2011 and the vibration unit 2051, from the configuration
illustrated in FIG. 2. The wearable device 101 of the present
disclosure may, for example, be configured by omitting the
measurement unit 201R and the vibration unit 205L from the
configuration illustrated in FIG. 2. The wearable device 101
of the present disclosure may, for example, be configured by
omitting the measurement unit 2011, and the vibration unit
205R from the configuration illustrated in FIG. 2.

[0076] Next, the case of the wearable device 101 illus-
trated in FIG. 1 being worn by a user is described with
reference to FIG. 3. FIG. 3 is a wearing schematic view of
the wearable device 101 illustrated in FIG. 1. In FIG. 3, the
X-axis direction is the direction faced by the front of the
user’s face, and the Y-axis direction is the direction from the
user’s jaw towards the top of the head. In FIG. 3, the state
in which the user is wearing the wearable device 101 on the
left ear is illustrated, but the state on the right ear of the user
is similar to FIG. 3.

[0077] As illustrated in FIG. 3, the holding portion 203L
is held near the top of the user’s left ear 102E. The
measurement unit 201L is on the holding portion 203L. The
measurement unit 201L is in contact with the user’s skin
surface. A superficial temporal artery 305 is on the inside of
the user’s skin. The holding portion 203L is disposed at a
position covering the superficial temporal artery 305 from
above the user’s skin.

[0078] As illustrated in FIG. 3, the vibration unit 205L is
disposed at the posterior auricle of the user’s left ear 102E.
The vibration unit 205L is in contact with the user’s skin
surface. A vestibular nerve 309 is located near the inner ear
in an internal region 307 below the skin surface contacted by
the vibration unit 205L.

[0079] Next, the configuration of the measurement unit
201L is described with reference to FIG. 4. FIG. 4 is a
schematic configuration diagram of the measurement unit
201L. The configuration of the measurement unit 201R
illustrated in FIG. 2 is similar to the configuration illustrated
in FIG. 4.

[0080] The measurement unit 201L is a plethysmograph.
The measurement unit 2011 includes an optical emitter
4031 and an optical detector 405L. The measurement unit
2011 measures the change in blood volume of at least one
of an artery and a capillary, which corresponds to the change
in heart rate, to obtain information of a pulse wave as
information related to the heart rate. A plethysmogram is the
result of treating the expansion and contraction of a blood
vessel as a waveform. A plethysmograph detects the change
in light absorption based on the change in volume of a blood
vessel by emitting light from an optical emitter and detecting
the light with an optical detector, thereby detecting a pulse
wave.

[0081] The optical emitter 4031 may, for example, be a
light emitting diode (LED). The optical detector 405L may,
for example, be a photodiode (PD). The wavelength of light
emitted by the optical emitter 4031 may be infrared light of
800 nm or greater. The wavelength of light emitted by the
optical emitter 4031 may be visible light of 380 nm or
greater and less than 800 nm. Furthermore, light having a
wavelength near the ranges of 435 nm to less than 480 nm,
500 nm to less than 560 nm, and 610 nm to less than 750 nm,
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or light of a different wavelength, may also be suitably used
as the light emitted by the optical emitter 403L.

[0082] The light emitted by the optical emitter 403L is
scattered at the superficial temporal artery 305 and is then
incident on the optical detector 405L.

[0083] Next, with reference to FIG. 5, the internal con-
figuration of the physical condition management system
1000 illustrated in FIG. 1 is described. FIG. 5 illustrates the
internal configuration of each apparatus in the physical
condition management system 1000 illustrated in FIG. 1.
[0084] As illustrated in FIG. 5, the physical condition
management system 1000 includes the wearable device 101,
the smartphone 103 connected to the wearable device 101 by
the cable 105, and the server 109. The smartphone 103
functions as the main unit.

[0085] The wearable device 101 includes the measure-
ment unit 201R, the measurement unit 2011, the vibration
unit 205R, and the vibration unit 205L as functional blocks.
[0086] The measurement unit 201R includes an optical
emitter 403R and an optical detector 405R. The measure-
ment unit 2011 includes the optical emitter 403L and the
optical detector 405L..

[0087] Operations of the measurement unit 201R, the
measurement unit 2011, the vibration unit 205R, and the
vibration unit 205L, are controlled by a controller 501.
[0088] Next, the internal configuration of the smartphone
103 is described with reference to FIG. 5. The smartphone
103 includes the controller 501, a communication interface
505, a storage 507, a position measurement unit 509, a
reporting interface 511, and a power source 513.

[0089] The controller 501 is a processor that controls and
manages the entire wearable system 100, such as the com-
ponents of the wearable device 101, as well as the functional
blocks of the smartphone 103. The controller 501 is a
processor, such as a central processing unit (CPU), that
executes programs with prescribed control procedures. Such
programs may, for example, be stored in the storage 507 or
on an external storage medium or the like connected to the
smartphone 103.

[0090] To provide control and processing capability for
executing various functions, as described below in greater
detail, the smartphone 103 includes at least one processor
503.

[0091] In various embodiments, the one or more proces-
sors 503 may be implemented as a single integrated circuit
(IC) or as a plurality of communicatively connected inte-
grated circuits and/or discrete circuits. The one or more
processors 503 can be implemented with a variety of known
techniques.

[0092] In an embodiment, the processor 503 includes one
or more circuits or units configured to execute one or more
data calculation procedures or processes by executing
instructions stored in related memory, for example. In
another embodiment, the processor 503 may be firmware
(such as discrete logic components) configured to execute
one or more data calculation procedures or processes.
[0093] In various embodiments, the processor 503 may
include one or more processors, controllers, microproces-
sors, microcontrollers, application specific integrated cir-
cuits (ASIC), digital signal processors, programmable logic
devices, field programmable gate arrays, any combination of
these devices or structures, or a combination of other known
devices and structures, to execute the below-described func-
tions of the controller 501.
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[0094] Based on atmospheric pressure information stored
in the storage 507, for example, the controller 501 causes the
reporting interface 511 to report the start of biological
information measurement. Based on the instruction from the
controller 501, the reporting interface 511 uses audio, an
image, vibration, or a combination of these to report the start
of measurement of biological information. In other words,
the reporting interface 511 has the function of a first report-
ing interface.

[0095] The communication interface 505 transmits and
receives various information by communicating with a com-
munication interface 525 of the server 109 over the network
107 by wired communication, wireless communication, or a
combination of wired and wireless communication. For
example, the communication interface 505 transmits infor-
mation related to the plethysmogram of the user measured
by the measurement units 2011, 201R to the server 109.
[0096] The storage 507 can be configured by a semicon-
ductor memory, a magnetic memory, or the like. The storage
507 stores various information, programs for operating the
smartphone 103 and the wearable device 101, and the like.
The storage 507 may also function as a working memory.
For example, the storage 507 may store received informa-
tion related to the atmospheric pressure.

[0097] Here, the atmospheric pressure information stored
in the storage 507 is described with reference to FIG. 6 and
FIG. 7. FIG. 6 is a table, stored in the storage 507 illustrated
in FIG. 5, of atmospheric pressure information by hour at a
predetermined location A. Only nine atmospheric pressures
from 8:00 to 16:00 are illustrated in the example in FIG. 6,
but the number of atmospheric pressures from 8:00 to 16:00
in the present disclosure is not limited to nine and may be
any number in any time range. Furthermore, while only one
location A is illustrated, the number of predetermined loca-
tions for which atmospheric pressure information is stored in
the storage 507 in the present disclosure may be any number
one or greater. Atmospheric pressure information by hour is
illustrated in the example in FIG. 6, but in the present
disclosure, the atmospheric pressure information may be
indicated at any time interval other than one hour, such as
every minute, every 30 minutes, or every three hours. These
time intervals need not be constant. Atmospheric pressure
information may be stored at different time intervals in the
present disclosure. The atmospheric pressure information in
FIG. 6 is indicated as a whole number, but the storage 507
may store digits after the decimal point in the present
disclosure.

[0098] The atmospheric pressure information stored in the
storage 507 may be information received from the server
109, for example, over the network 107. The atmospheric
pressure information stored in the storage 507 may be
information inputted by the user, for example.

[0099] As illustrated in FIG. 6, the atmospheric pressure at
location A is 1000 [hPa] at time 8:00, 1003 [hPa] at time
9:00, 1002 [hPa] at time 10:00, 1001 [hPa] at time 11:00,
1000 [hPa] at time 12:00, 999 [hPa] at time 13:00, 999 [hPa]
at time 14:00, 998 [hPa] at time 15:00, and 999 [hPa] at time
16:00.

[0100] FIG. 7 is a graph of the table in FIG. 6. In FIG. 7,
the horizontal axis represents time, and the vertical axis
represents atmospheric pressure [hPa.

[0101] The position measurement unit 509 measures the
current position of the smartphone. This position measure-
ment may be made using a global positioning system (GPS),
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for example. The position information measured by the
position measurement unit 509 is stored in the storage 507.

[0102] The reporting interface 511 provides a predeter-
mined report. This report is an image, audio, light emission,
vibration, or a combination of these. The reporting interface
511 may be a touch panel display, a liquid crystal display, a
speaker, an LED, a vibration motor, or any combination of
these devices. The reporting interface 511 may provide any
report other than the ones described above. The reporting
interface 511 may include a device other than the above
devices.

[0103] In other words, the reporting interface 511 may
report information by sound, vibration, images, and the like.
The reporting interface 511 may include a speaker, a vibra-
tion unit, and a display device. The display device can, for
example, be a liquid crystal display (LCD), an organic
electro-luminescence display (OELD), an inorganic electro-
luminescence display (IELD), or the like. The reporting
interface 511 may, for example, report the measurement
timing of biological information, information for physical
condition management, and the like.

[0104] The wearable device 101 may be configured to
measure biological information automatically when being
worn by the user, without an instruction from the user. The
wearable device 101 may, for example, use a living body
detection sensor, such as an illuminance sensor, to detect
wearing by the user. The wearable device 101 may, for
example, start measurement of biological information based
on a measurement instruction signal transmitted from the
smartphone 103. When the atmospheric pressure informa-
tion changes, the smartphone 103 may transmit the mea-
surement instruction signal to the wearable device 101 in
response to a user instruction or without a user instruction.

[0105] The power source 513 provides power to the smart-
phone 103 and the wearable device 101. A lithium battery,
which is a secondary cell, or the like can be used as the
power source 513, for example.

[0106] Next, the information stored in the storage 507 is
described with reference to FIG. 8. FIG. 8 is a conceptual
diagram of information stored in the storage 507 illustrated
in FIG. 5. The information illustrated in FIG. 8 is only an
example of information stored in the storage 507. Other
information may be stored in the storage 507, and a portion
of the information illustrated in FIG. 8 may be removed.
Other than the information illustrated in FIG. 8, various
control programs, application programs, and the like may
also be stored in the storage 507.

[0107] A user ID 7100 in FIG. 8 is information for
identifying the user. There may be one or more user [Ds
7100. A telephone number 7103 is the telephone number of
the smartphone 103. There may be one or more telephone
numbers 7103.

[0108] Atmospheric pressure information 7106 is atmo-
spheric pressure information received by the smartphone
103. This atmospheric pressure information 7106 may
include atmospheric pressure information not only for the
area in which the smartphone 103 is located, but also for
other areas. A plurality of pieces of atmospheric pressure
information 7106 may be stored at any time intervals.

[0109] The biological information 7109 is measured bio-
logical information of the user. Examples of this biological
information include a plethysmogram, pulse variability,
power spectral density of pulse variability, blood pressure,
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body temperature, blood glucose level, LF/HF value, blood
flow, or any combination thereof.

[0110] Position information 7112 is a history of the posi-
tion of the smartphone 103. A vibration pattern 7115 is
information of a pattern when the wearable device 101
causes the vibration units 205R, 205L to vibrate. There may
be one or more of these patterns.

[0111] Massage information 7118 is massage-related
information reported to the user. Examples of the massage
information 7118 include image-based massage instructions
and audio-based massage instructions. There may be one or
more massages.

[0112] Music information 7121 is information of music to
output. There may be one or more types of music. This
music may be music that allows the user to relax. This music
may, for example, be music at a Solfeggio frequency. The
Solfeggio frequencies are, for example, 174 hz, 285 hz, 396
hz, 417 hz, 528 hz, 639 hz, 741 hz, 852 hz, and 963 hz. The
types of music indicated by the music information 7172 in
the present disclosure are not limited and may include
classical music, popular music, jazz music, music with a
continuous sound at a constant frequency, music that
includes people’s voices, instrumental music, music that
includes sounds of animals or natural phenomena, or music
combining any of these types. Based on the music informa-
tion 7121, the controller 501 causes the vibration units 2051,
205R to vibrate, thereby outputting audio corresponding to
the music information 7121 to the user. In other words, the
vibration units 2051, 205R function as an output interface.

[0113] Ahistory 7124 of preventive actions is information
on the type, date and time, and the like of preventive actions
performed on the user. There may be one or more histories
of preventive actions.

[0114] Next, a more detailed data structure of the infor-
mation stored in the storage 507 is described with reference
to FIG. 9 and FIG. 10. FIG. 9 and FIG. 10 are conceptual
diagrams of the data structure of information stored in the
storage 507.

[0115] As illustrated in FIG. 9, a data structure 9120 that
includes atmospheric pressure information 9125 as informa-
tion having a date and time 9121 and location 9123 as a
primary key is stored in the storage 507.

[0116] The date and time 9121 is a date and time for
identifying the atmospheric pressure information 9125. The
date and time 9121 includes at least one of the year, month,
day, time, and seconds and is represented as any combina-
tion thereof. The date and time 9121 may be represented as
a predetermined time period.

[0117] The location 9123 is a location for identifying the
atmospheric pressure information 9125. The location 9123
is represented by an area over a predetermined range, such
as a region, country, prefecture, state, local government,
building, facility, or a combination thereof.

[0118] The atmospheric pressure information 9125 is
atmospheric pressure information for the date and time 9121
and the location 9123. The atmospheric pressure informa-
tion 9125 may be information received from an external
source or may be a value measured by the smartphone 103.

[0119] As illustrated in FIG. 10, a data structure 10130
that includes information related to the heart rate (LF/HF)
10135 as information having a user ID 10131 and a date and
time 10133 as a primary key is stored in the storage 507.
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[0120] The user ID 10131 is information for identifying
the user. The date and time 10133 is similar to the above-
described date and time 9121.

[0121] The information related to the heart rate 10135 is
biological information of the user. The information related to
the heart rate 10135 is the LF/HF value at the date and time
10133 based on the values of the LF component and the HF
component, which are calculated from heart rate variability
extracted from the measured pulse.

[0122] The controller 501 of the smartphone 103 performs
a preventive action related to the user’s physical condition
using the above-described data structure 9120 and data
structure 10130. Specifically, the controller 501 uses the data
structure 9120 to acquire date and time information T1 at the
point in time at which the atmospheric pressure at a prede-
termined location drops.

[0123] Subsequently, the controller 501 acquires biologi-
cal information at the time point T1 and a time point T2 that
is a predetermined length of time after the time point T1 and
creates the data structure 10130.

[0124] The controller 501 then uses the data structure
10130 to compare the value related to LF/HF at time point
T1 and the value related to LF/HF at time point T2 and
judges whether to have the user perform a preventive action.

[0125] The data structure 9120 of FIG. 9 and the data
structure 10130 of FIG. 10 have been described as being
stored in the storage 507 of the smartphone 103. The data
structure 9120 and the data structure 10130 may, however,
be stored in a storage 527 of the server 109. A controller 521
of the server may use the data structure 9120 and the data
structure 10130 to judge whether to have the user start a
preventive action.

[0126] The server 109 includes the controller 521, the
communication interface 525, and the storage 527.

[0127] The controller 521 is a processor that controls and
manages the server 109 overall, including the functional
blocks of the server 109. The controller 521 is a processor,
such as a CPU, that executes a program prescribing control
procedures. Such programs may, for example, be stored in
the storage 527 or on an external storage medium or the like
connected to the server 109.

[0128] To provide control and processing capability for
executing various functions, as described below in greater
detail, the controller 521 includes at least one processor 523.

[0129] In various embodiments, the one or more proces-
sors 523 may be implemented as a single integrated circuit
(IC) or as a plurality of communicatively connected inte-
grated circuits and/or discrete circuits. The one or more
processors 523 can be implemented with a variety of known
techniques.

[0130] In an embodiment, the processor 523 includes one
or more circuits or units configured to execute one or more
data calculation procedures or processes by executing
instructions stored in related memory, for example. In
another embodiment, the processor 523 may be firmware
(such as discrete logic components) configured to execute
one or more data calculation procedures or processes.

[0131] In various embodiments, the processor 523 may
include one or more processors, controllers, microproces-
sors, microcontrollers, application specific integrated cir-
cuits (ASIC), digital signal processors, programmable logic
devices, field programmable gate arrays, any combination of
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these devices or structures, or a combination of other known
devices and structures, to execute the below-described func-
tions of the controller 521.

[0132] The storage 527 can be configured by a semicon-
ductor memory, a magnetic memory, or the like. The storage
527 stores various information, programs for operating the
server 109, and the like. The storage 527 may also function
as a working memory. The storage 527 may, for example,
store a program for executing an application to transmit
atmospheric pressure information to the smartphone 103.
[0133] Next, the data stored in the storage 527 is described
with reference to FIG. 11. FIG. 11 is a conceptual diagram
of information stored in the storage 527 illustrated in FIG.
5. The information illustrated in FIG. 11 is only an example
of information stored in the storage 527. Other information
may be stored in the storage 527, and a portion of the
information illustrated in FIG. 11 may be excluded. Other
than the information illustrated in FI1G. 11, various control
programs, application programs, and the like may also be
stored in the storage 527.

[0134] Some of the information stored in the storage 527
is received from the smartphone 103. Some of the informa-
tion stored in the storage 527 is received from another server
connected to the server 109 over a network.

[0135] A user ID 7200 in FIG. 11 is information for
identifying the user of the smartphone 103. There may be
one or more user IDs 7200. A telephone number 7203 is the
telephone number of the smartphone 103. There may be one
or more telephone numbers 7203. The server 109 receives
the user ID 7200 and the telephone number 7203 from the
smartphone 103.

[0136] Atmospheric pressure information 7206 is atmo-
spheric pressure information received by the server 109.
This atmospheric pressure information 7206 may include
atmospheric pressure information not only for the area in
which the server 109 is located, but also for other areas. A
plurality of pieces of atmospheric pressure information 7206
may be stored at any time intervals.

[0137] Biological information 7209 is biological informa-
tion of the user and is received from the smartphone 103.
Examples of this biological information include a plethys-
mogram, pulse variability, power spectral density of pulse
variability, blood flow, or any combination thereof.

[0138] Position information 7212 is a history of the posi-
tion of the smartphone 103. The server 109 receives the
position information 7212 from the smartphone 103. A
vibration pattern 7215 is information of a pattern when the
smartphone 103 causes the vibration units 205R, 205L of the
wearable device 101 to vibrate. There may be one or more
of these patterns.

[0139] Massage information 7218 is massage-related
information reported to the user of the smartphone 103.
Examples of the massage information 7218 include image-
based massage instructions and audio-based massage
instructions. There may be one or more massages. Examples
of massages include a massage to move or warm the ear.
[0140] Music information 7221 is information of music
outputted by the smartphone 103. There may be one or more
types of music. This music may be music that allows the user
to relax. This music may, for example, be music including
sounds at Solfeggio frequencies. Examples of music includ-
ing sounds at Solfeggio frequencies include music consist-
ing only of sounds at Solfeggio frequencies and music in
which sounds at Solfeggio frequencies are combined with
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any other sounds. When sounds at Solfeggio frequencies are
combined with other sounds, the sounds at Solfeggio fre-
quencies should have a sufficient volume to allow the user
to distinguish between the other sounds and the sounds at
Solfeggio frequencies. The music indicated by the music
information 7221 may, for example, be music including
many sounds at Solfeggio frequencies. Music including
many sounds at Solfeggio frequencies is music in which
sounds at Solfeggio frequencies are emphasized. In other
words, the volume of the sounds at Solfeggio frequencies is
increased in this music so that the sounds at Solfeggio
frequencies have a sufficient volume to allow the user to
distinguish between other sounds and the sounds at Solfeg-
gio frequencies. The Solfeggio frequencies are, for example,
174 hz, 285 hz, 396 hz, 417 hz, 528 hz, 639 hz, 741 hz, 852
hz, and 963 hz. The types of music indicated by the music
information 7221 in the present disclosure are not limited
and may include classical music, popular music, jazz music,
music with a continuous sound at a constant frequency,
music that includes people’s voices, instrumental music,
music that includes sounds of animals or natural phenom-
ena, or music combining any of these types.

[0141] In other words, the smartphone 103 may cause the
user to hear sounds at Solfeggio frequencies by playing back
one or a plurality of types of music with sounds at Solfeggio
frequencies overlapped thereon from a vibration unit or a
speaker. Sound at the aforementioned frequencies may be
played to the user continuously, or a single sound may be
played for the user repeatedly or intermittently. The smart-
phone 103 may play back a song with many sounds at the
aforementioned Solfeggio frequencies from a vibration unit
or a speaker.

[0142] Based on the music information 7221, the control-
ler 501 causes the vibration units 205L, 205R to vibrate,
thereby outputting audio corresponding to the music infor-
mation 7221 to the user. In other words, the vibration units
2051, 205R function as an output interface.

[0143] A history 7224 of preventive actions is information
on the type, date and time, and the like of preventive actions
performed on the user of the smartphone 103. There may be
one or niore histories 7224 of preventive actions. The server
109 receives the history 7224 of preventive actions from the
smartphone 103.

[0144] The communication interface 525 transmits and
receives various information by communicating with the
smartphone 103 by wired communication, wireless commu-
nication, or a combination of wired and wireless communi-
cation. For example, the communication interface 525
receives pulse-related information, which is biological infor-
mation of the user measured by the smartphone 103, from
the smartphone 103.

[0145] Next, with reference to FIG. 12, the operations of
the physical condition management system 1000 illustrated
in FIG. 1 are described. FIG. 12 is a flowchart of operations
of the physical condition management system 1000 illus-
trated in FIG. 1.

[0146] As illustrated in FIG. 12, the server 109 first stores
atmospheric pressure information in the storage 527 (S801).
This atmospheric pressure information is, for example,
atmospheric pressure information distributed by the govern-
ment or the like. The atmospheric pressure information may
also be atmospheric pressure information created by a
private institution. The server 109 transmits the atmospheric
pressure information to the smartphone 103 (S803). The
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server 109 may receive the atmospheric pressure informa-
tion through the network 107 and store the atmospheric
pressure information in the storage 527. The atmospheric
pressure information may be stored in the storage 527 by the
user inputting the atmospheric pressure information to the
server 109.

[0147] After receiving the atmospheric pressure informa-
tion from the server 109, the smartphone 103 stores the
received atmospheric pressure information in the storage
507 and analyzes the atmospheric pressure information
(5805).

[0148] The atmospheric pressure analysis operation in
step S805 is now described. Based on the atmospheric
pressure information stored in the storage 507, the smart-
phone 103 identifies the time point T1 at which the atmo-
spheric pressure starts to drop, as illustrated in FIG. 13. The
time 9:00 is T1 in the graph in FIG. 13. Here, FIG. 13 is a
graph illustrating atmospheric pressure analysis operations
by the smartphone 103 illustrated in FIG. 12.

[0149] Based on the analysis result of the atmospheric
pressure information, the smartphone 103 then provides
notification of the start of biological information measure-
ment (S807). Notification of the start of measurement is, for
example, provided by the display of an image on a touch
panel display, or by audio or vibration. Transmission of this
notification may also begin in response to a user-inputted
instruction, such as when the notification is transmitted after
the user touches an instruction button, displayed on the
touch panel display, for starting biological information mea-
surement.

[0150] With reference to FIG. 14, the notification of the
start of biological information measurement displayed on
the smartphone 103 is now described. FIG. 14 is a notifi-
cation screen, at the start of biological information measure-
ment, displayed on the touch panel display 1001 serving as
the reporting interface 511 of the smartphone 103.

[0151] Asillustrated in FIG. 14, a message 1003 providing
notification of the drop in atmospheric pressure and recom-
mending physical condition measurement, a measurement
start button 1005, and a return button 1007 are displayed on
the touch panel display 1001 of the smartphone 103.
[0152] When the user touches the measurement start but-
ton 1005, a control signal for starting measurement of
biological information is transmitted to the measurement
unit of the wearable device 101, and measurement of bio-
logical information starts.

[0153] When the user touches the return button 1007, a
different image is displayed on the touch panel display 1001.
[0154] Based on the analysis result of the atmospheric
pressure, the smartphone 103 transmits an instruction to start
measurement of biological information to the wearable
device 101 (S809). The wearable device 101 may be con-
figured to measure biological information automatically in
step S809 when being worn by the user, without an instruc-
tion from the user. In this case, the wearable device 101 may,
for example, use a living body detection sensor, such as an
illuminance sensor, to detect wearing by the user. The
wearable device 101 may, for example, start measurement of
biological information based on a measurement instruction
signal transmitted from the smartphone 103, without user
instruction. When the atmospheric pressure changes, the
smartphone 103 may transmit the measurement instruction
signal to the measurement units 201R, 2011 of the wearable
device 101 even without a user instruction.
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[0155] After receiving the instruction to start measure-
ment of biological information from the smartphone 103, the
wearable device 101 starts measurement of biological infor-
mation (S811). The wearable device 101 uses the measure-
ment unit 201R and the measurement unit 201L to measure
information indicating a plethysmogram of the user in the
present disclosure.

[0156] The wearable device 101 may be configured to
measure biological information automatically when being
worn by the user, without an instruction from the user. The
wearable device 101 may, for example, use a living body
detection sensor, such as an illuminance sensor, to detect
wearing by the user. The wearable device 101 may, for
example, start measurement of biological information based
on a measurement instruction signal transmitted from the
smartphone 103. When the atmospheric pressure informa-
tion changes, the smartphone 103 may transmit the mea-
surement instruction signal to the wearable device 101 even
without a user instruction.

[0157] The wearable device 101 transmits the measured
biological information to the smartphone 103 (S813).
[0158] The smartphone 103 stores the biological informa-
tion received from the wearable device 101 in the storage
507 (S815).

[0159] The smartphone 103 stands by for a predetermined
length of time from time point T1 (S817). The smartphone
103 stands by for two hours in step S817. While this
predetermined elapsed time is two hours in this example, the
predetermined elapsed time may be any length of time other
than two hours, such as five minutes, 30 minutes, one hour,
six hours, one day, or the like.

[0160] After standing by for this predetermined length of
time, the smartphone 103 instructs the measurement units
201R, 201L of the wearable device 101 to start measuring
biological information (S819). The wearable device 101
may be configured to measure biological information auto-
matically in step S819 when being worn by the user, without
an instruction from the user. In this case, the wearable device
101 may, for example, use a living body detection sensor,
such as an illuminance sensor, to detect wearing by the user.
The wearable device 101 may, for example, start measure-
ment of biological information based on a measurement
instruction signal transmitted from the smartphone 103,
without user instruction. When the atmospheric pressure
information changes, the smartphone 103 may transmit the
measurement instruction signal to the measurement units
201R, 201L of the wearable device 101 even without a user
instruction.

[0161] After receiving the instruction to start measure-
ment of biological information from the smartphone 103, the
wearable device 101 starts measurement of biological infor-
mation (S821). The wearable device 101 measures informa-
tion indicating a plethysmogram of the user in the present
disclosure.

[0162] The wearable device 101 transmits the measured
biological information to the smartphone 103 (S823).
[0163] The smartphone 103 stores the biological informa-
tion received from the wearable device 101 in the storage
507 (S825).

[0164] The smartphone 103 compares two pieces of infor-
mation related to biological information stored in the storage
507 in S815 and S825. When a predetermined condition is
satisfied, the smartphone 103 judges whether a preventive
action is to be performed (S827).
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[0165] Next, the judgment of necessity of a preventive
action by the smartphone 103 as indicated in step S827 of
FIG. 12 is explained with reference to FIGS. 15, 16, and 17.
FIGS. 15, 16, and 17 are flowcharts for the smartphone 103
to judge necessity of a preventive action as illustrated in step
S827 of F1G. 12. The operations illustrated in FIGS. 15, 16,
and 17 are executed by the controller 501 of the smartphone
103 working together with a program. In the flowcharts
described below, a step represented by a circled letter
indicates connection to a step represented by the same
circled letter in another figure. For example, the circled A in
FIG. 15 is connected to the circled A in FIG. 16.

[0166] Based on the atmospheric pressure information
stored in the storage 507, the smartphone 103 identifies the
time point T1 at which the atmospheric pressure starts to
drop, as described above in step S805. The time 9:00 is T1
in the graph in FIG. 13.

[0167] As described above in step S811, the smartphone
103 measures a first pulse wave as first biological informa-
tion at the identified time point T1. For example, the
smartphone 103 displays a measurement start button on the
touch panel display and starts the measurement operation by
each measurement unit of the wearable device 101 upon
detecting that the user has touched the measurement start
button.

[0168] The smartphone 103 extracts the heart rate vari-
ability from the first pulse wave and calculates a power
spectrum density of the heart rate variability as a first power
spectrum density (S1101).

[0169] The smartphone 103 extracts the high-frequency
(HF) component and the low-frequency (LF) component
from the first power spectrum density. The smartphone 103
then divides the LF component by the HF component to
calculate LF/HF as a first LE/HF (S1103). The LF compo-
nent is a component in the region of 0.05 Hz to less than 0.15
Hz in the power spectrum density, and the HF component is
a component in the region of 0.15 Hz to less than 0.40 Hz
in the power spectrum density. The LF component and the
HF component may be components in an appropriate fre-
quency range other than the aforementioned values.

[0170] As described above in step S821, the smartphone
103 measures a second pulse wave as second biological
information at time point T2, which occurs after a prede-
termined time t elapses from the identified time point T1. For
example, the smartphone 103 displays a measurement start
button on the touch panel display and starts the measurement
operation by each measurement unit of the wearable device
101 upon detecting that the user has touched the measure-
ment start button.

[0171] The wearable device 101 may be configured to
measure biological information automatically when being
worn by the user, without an instruction from the user. The
wearable device 101 may, for example, use a living body
detection sensor, such as an illuminance sensor, to detect
wearing by the user. The wearable device 101 may, for
example, start measurement of biological information based
on a measurenient instruction signal transmitted from the
smartphone 103. When the atmospheric pressure informa-
tion changes, the smartphone 103 may transmit the mea-
surement instruction signal to the wearable device 101 even
without a user instruction.

[0172] The smartphone 103 extracts the heart rate vari-
ability from the second pulse wave and calculates a power
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spectrum density of the heart rate variability as a second
power spectrum density (S1105).

[0173] The smartphone 103 extracts the high-frequency
(HF) component and the low-frequency (LF) component
from the second power spectrum density. The smartphone
103 then divides the LF component by the HF component to
calculate LF/HF as a second LF/HF (S1107).

[0174] The smartphone 103 compares the first LF/HF
value with the second LF/HF value and judges whether the
second LF/HF value is greater than the first LF/HF value
(S1109). Here, the LF/HF value indicates the degree of
relaxation or stress of the user. A small LF/HF value
indicates that the user is relaxed and is feeling little stress,
whereas a large LF/HF value indicates that the user is not
relaxed and is feeling significant stress.

[0175] When the second LF/HF is judged to be larger than
the first LE/HF value, the smartphone 103 provides notifi-
cation of the start of a preventive action (S1111).

[0176] The smartphone 103 provides an instruction to start
the preventive action when a preventive action needs to be
performed (5829). In this case, the preventive action may
start in response to user instruction. When the wearable
device 101 is being worn by the user, the wearable device
101 may, for example, vibrate, issue an instruction for a
massage, or play back predetermined music, even without an
instruction from the user to start a preventive action. The
wearable device 101 may, in this case, include a living body
detection sensor such as an illuminance sensor for detecting
wearing by the user. The wearable device 101 may similarly
vibrate, issue an instruction for a massage, play back pre-
determined music, or the like without an instruction from the
user to start a preventive action even in the case of the
wearable device 101 not being worn by the user.

[0177] The instruction operation in step S829 is described
with reference to FIG. 18. FIG. 18 is a schematic view of a
screen, displayed on the touch panel display 1001 of the
smartphone 103, instructing to start a preventive action.
[0178] As illustrated in FIG. 18, the touch panel display
1001 displays a message 1401 providing notification of a
change in physical condition and instructing to perform a
preventive action.

[0179] The touch panel display 1001 displays a vibration
start button 1403, a massage button 1405, and a music start
button 1407 as buttons for starting preventive actions.
[0180] When the user touches the vibration start button
1403, the smartphone 103 transmits an instruction to start
vibration to the vibration unit of the wearable device 101.
[0181] When the user touches the massage button 1405,
the smartphone 103 reports a massage action. This report is
provided by image or audio.

[0182] When the user touches the music start button 1407,
music is outputted from at least one of a speaker included in
the reporting interface 511 of the smartphone 103, the
vibration units 2051, 205R of the wearable device 101, and
a speaker of the wearable device 101. This music may be the
above-described music including sounds at Solfeggio fre-
quencies.

[0183] The wearable device 101 performs a preventive
action based on the instruction from the smartphone 103 to
start a preventive action (S831). Examples of preventive
actions performed by the wearable device 101 include
causing the vibration units 205R, 2051 to vibrate and
outputting predetermined audio, such as sound at a Solfeg-
gio frequency, from the vibration unit or speaker.
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[0184] It suffices for at least one of the vibration units
205R, 205L to vibrate during the operation to cause the
vibration units 205R, 205L to vibrate. The vibration opera-
tions of the vibration units 205R, 205L may differ. The
vibration operation of the vibration units 205R, 2051 may be
vibration at a constant rhythm, vibration at a random
rhythm, vibration synchronized with a song, vibration with
changing intensity, or any appropriate combination of these
vibrations.

[0185] The smartphone 103 performs a preventive action,
such as displaying an image or providing audio notification
of massage information for physical condition management
(5833).

[0186] This preventive action by the smartphone 103 is
described with reference to FIG. 19. F1G. 19 is a schematic
view of a massage action reporting screen displayed on the
touch panel display 1101 of the reporting interface 511 of the
smartphone 103. In other words, the reporting interface 511
functions as a second reporting interface for reporting mas-
sage information.

[0187] As illustrated in FIG. 19, a message 1501 with the
type of massage, a message 1503 with the method of
performing the massage, a button 1505 to return to the
previous screen, a button 1507 to return to the previous type
of massage, and a button 1509 to advance to the next type
of massage are displayed on the touch panel display 1101 of
the smartphone 103.

[0188] The user can perform a massage himself to prevent
a change in physical condition by following the message
1503 indicated in FIG. 19. In addition to an image-based
instruction, the report of the massage action may be an
audio-based instruction, an instruction screen indicating the
address of a website carrying information on performing
massages, an instruction screen introducing magazines or
books carrying information on performing massages, or a
television or an instruction screen introducing a radio pro-
gram emitting information on performing massages. In
addition to an ear exercise, the massage action of the present
disclosure may be a hand exercise, a foot exercise, a back
exercise, a deep breath, a walk, loosening up muscles,
stretching, massaging the fingers of a hand or foot, pressing
a predetermined location on the skin, pushing a pressure
point, a neck exercise, an eye exercise, a mouth exercise, an
exercise for another body part, or any combination of these.
An explanation of the aforementioned massage actions may
be displayed on the touch panel display 1101 of the smart-
phone 103.

[0189] Next, the vibration units 205R, 205L of the wear-
able device 101 are described with reference to FIG. 20 and
FIG. 21. FIG. 20 is a block diagram illustrating the con-
figuration of the vibration unit 205L. FIG. 21 is a schematic
view of operation of the vibration unit 205L. The vibration
unit 205L is described below, but the same description holds
for the vibration unit 205R as well.

[0190] As illustrated in FIG. 20, the vibration unit 205L
includes a piezoelectric element 1601 that flexes and a panel
1603 that vibrates by being bent directly by the piezoelectric
element 1601.

[0191] FIG. 21 is a schematic view illustrating flexing of
the panel 1603 due to the piezoelectric element 1601. Since
the panel 1603 is bent directly by the piezoelectric element
1601 and vibrates, the central area of the panel flexes greatly,
swelling upward as compared to the ends.
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[0192] The vibration unit 2051 mainly causes the user to
hear human body vibration sound through vibration.
Depending on the area of the panel, air-conducted sound
may also be produced. Air-conducted sound is sound that
reaches the user’s auditory nerve when vibrations caused by
a vibrating object travel through the external ear canal to the
eardrum, and the eardrum vibrates. Human body vibration
sound is sound that is transmitted to the user’s auditory
nerve through a portion of the user’s body (such as the
cartilage of the outer ear) that touches a vibrating object. A
component transmitted to the respiratory tract by vibration
inside the external ear canal may be included in the human
body vibration sound. In particular, when the area of the
panel 1603 is small, it is known that vibration of the ear
causes harmonics, at or above the sixth harmonic and
sufficiently louder than background noise, to occur at three
or more locations. The combination of these harmonic
components allows sound to be heard sufficiently with a
small panel 1603 (such as an elongated shape measuring 3
cm long by 1 cm wide or less). The harmonic components
contribute in particular to clarity of sound and are therefore
also suitable in hearing aids for presbycusis, which is
characterized by difficulty hearing.

[0193] The vibration unit 2051 also provides vibration to
the user. A certain vibration-based massage effect is obtained
at the user’s skin surface, and the body inside the skin
surface, where the vibration is provided by the vibration unit
205L. The vestibular nerve may be relaxed by vibration of
the vibration unit 205L.

[0194] The piezoelectric element 1601 is formed by ele-
ments that, upon application of an electric signal (voltage),
either expand and contract or bend (flex) in accordance with
the electromechanical coupling coeflicient of their constitu-
ent material. The piezoelectric element 1601 is attached to
the panel 1603 directly by double-sided tape.

[0195] Ceramic or crystal elements, for example, may be
used. The piezoelectric element 1601 may be a unimorph,
bimorph, or laminated piezoelectric element. Examples of a
laminated piezoelectric element include a laminated uni-
morph element with layers of unimorph (for example,
approximately 16 to 100 stacked layers) and a laminated
bimorph element with layers of bimorph (for example,
approximately 16 to 48 stacked layers). Such a laminated
piezoelectric element may be a laminated structure formed
by a plurality of dielectric layers composed of, for example,
lead zirconate titanate (PZT) and electrode layers disposed
between the dielectric layers. Unimorph expands and con-
tracts upon the application of an electric signal (voltage),
and bimorph bends upon the application of an electric signal
(voltage).

[0196] The panel 1603 is, for example, made from a hard
material such as glass or sapphire, or a synthetic resin such
as acrylic or polycarbonate. An exemplary shape of the panel
1603 is a plate, and the shape of the panel 1603 is described
below as being a plate. For example, the plate is approxi-
mately 2 cm to 5 cm long and approximately 0.5 cm to 2 cm
wide. The piezoelectric element 1601 is attached directly to
the panel 1603 by double-sided tape or the like.

[0197] Vibration of the vibration units 205R, 205L may at
least include vibration of approximately 5 Hz to 10 Hz or
less, centered on 7 Hz, to stimulate the vestibular nerve and
the region near the inner ear. When this vibration stimulates
the vestibular nerve and the region near the inner ear and
makes the parasympathetic nerves of the user active, the user

Apr. 16, 2020

relaxes, and the user’s physical condition might improve.
Vibration of the vibration units 205R, 2051 may be outside
of the aforementioned frequency range.

[0198] As described above, the vibration units 205R, 2051
output audio while vibrating. In other words, the vibration
units 205R, 205L function as an output interface that outputs
audio. There may be one or more types of music as infor-
mation of the music outputted by the vibration units 205R,
205L. This music may be music that allows the user to relax.
This music may, for example, be music at a Solfeggio
frequency. The Solfeggio frequencies are, for example, 174
hz, 285 hz, 396 hz, 417 hz, 528 hz, 639 hz, 741 hz, 852 hz,
and 963 hz.

[0199] In the present disclosure, the smartphone 103
detects a change in atmospheric pressure. A plethysmogram,
which is biological information of the user, is detected when
the atmospheric pressure drops. The plethysmogram, which
is biological information of the user, is detected again in the
present disclosure after a predetermined length of time from
when the atmospheric pressure drops.

[0200] In the present disclosure, values related to LF/HF
are calculated from two plethysmograms and are compared.
A preventive action is reported to the user based on the
comparison of these two values related to LF/HF in the
present disclosure. Therefore, the user’s physical condition
can be managed appropriately in the present disclosure
based on the user’s biological information and atmospheric
pressure information.

Second Embodiment Using Blood Flow Meter

[0201] Next, a second embodiment of an electronic device
is described. The electronic device of the second embodi-
ment has the configuration of the electronic device of the
first embodiment, with the plethysmograph in the measure-
ment unit of the wearable device 101 being replaced by a
blood flow meter. The second embodiment of the present
disclosure is described below, focusing on the main differ-
ences from the first embodiment.

[0202] Inthe electronic device of the second embodiment,
the measurement unit 2011 of the wearable device 101
illustrated in FIG. 5 is replaced by a measurement umt
1801L, and the measurement unit 201R is replaced by a
measurement unit 1801R. The electronic device of the
second embodiment may have the configuration of the
wearable device 101 illustrated in FIG. 5 with the addition
of the measurement units 18011, 1801R.

[0203] FIG. 22 is a schematic configuration diagram of the
measurement unit 18011 of an electronic device according
to the second embodiment. The configuration of the mea-
surement unit 1801R is similar to the configuration illus-
trated in FIG. 22.

[0204] The measurement unit 18011 includes an optical
emitter 18031 and an optical detector 1805L. The measure-
ment unit 18011 irradiates a measurement beam from the
optical emitter 1803L onto the superficial temporal artery
305, which is a measured part. The measurement unit 1801L
uses the optical detector 1805L to acquire reflected light
(scattered light), from the superficial temporal artery 305,
corresponding to the irradiated measurement beam. The
measurement unit 18011 transmits a photoelectric conver-
sion signal of the scattered light acquired by the optical
detector 1805L to the controller 501,

[0205] The optical emitter 18031 emits laser light in
response to control by the controller 501. For example, the
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optical emitter 1803L irradiates the measured part with laser
light, as a measurement beam, that has a wavelength capable
of detecting a predetermined component included in blood.
The optical emitter 1803L is, for example, configured by one
laser diode (LD).

[0206] The optical detector 18051 detects scattered light
of the measurement beam from the measured part. The
optical detector 18051 may, for example, be configured by
a photodiode (PD).

[0207] The controller 501 calculates the blood flow at the
measured part as information related to blood flow based on
the photoelectric conversion signal received from the mea-
surement unit 1801L. A technique for the controller 501 to
measure the amount of blood flow using the Doppler shift is
now described.

[0208] The controller 501 may transmit the photoelectric
conversion signal received from the measurement unit
1801L to the server 109, and the controller 521 of the server
109 may calculate the blood flow at the measured part as the
information related to blood flow.

[0209] In the body tissue, scattered light that is scattered
from moving blood cells undergoes a frequency shift (Dop-
pler shift), due to the Doppler effect, proportional to the
speed of travel of the blood cells within the blood. The
controller 501 detects the beat signal produced by interfer-
ence between scattered light from still tissue and the scat-
tered light from moving blood cells.

[0210] This beat signal represents strength as a function of
time. The controller 501 then turns the beat signal into a
power spectrum that represents power as a function of
frequency. In the power spectrum of this beat signal, the
Doppler shift frequency is proportional to the speed of blood
cells. Also, the power corresponds to the amount of blood
cells in the power spectrum of this beat signal. The controller
501 calculates the blood flow by multiplying the power
spectrum of the beat signal by the frequency and integrating.

[0211] FIG. 23 is a schematic view illustrating an example
blood flow waveform acquired by the measurement unit
1801L. The blood flow waveform illustrated in FIG. 23 is
the blood flow waveform of one pulse beat of a subject. The
blood flow waveform illustrated in FIG. 23 indicates a
change in the blood flow and is generated by the controller
501 based on the calculated blood flow, for example. In FIG.
23, the hatched portion q is the portion of the blood flow that
varies together with the beat.

[0212] Here, the relationship between frequency and
power spectrum for the blood flow measured by a blood flow
meter is described with reference to FIG. 33 and FIG. 34.
FIG. 33 is a table illustrating the relationship between
frequency and power for the blood flow obtained with a
blood flow meter, and FIG. 34 is a graph of the table in FIG.
33.

[0213] As illustrated in FIG. 33 and FIG. 34, a power
spectrum analysis of blood flow by frequency yields a power
distribution at each frequency.

[0214] In the second embodiment, the pulse is calculated
based on the blood flow measured by the measurement unit.
This calculated pulse is then used to calculate and compare
values related to LF/HF at each of time point T1 and time
point T2, like the above-described first embodiment. A
preventive action is reported to the user based on the
comparison of these two values related to LF/HF in the
present disclosure. Therefore, the user’s physical condition
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can be managed appropriately in the present disclosure
based on the user’s biological information and atmospheric
pressure information.

Third Embodiment Using an Atmospheric Pressure
Sensor

[0215] Next, a third embodiment of an electronic device
according to the present disclosure is described with refer-
ence to FIG. 24. FIG. 24 is an internal block diagram of a
physical condition management system 20000 that uses a
wearable system 2001, which is an electronic device of the
third embodiment. In the third embodiment, a smartphone
2003 includes an atmospheric pressure sensor 2005. In FIG.
24, the same reference numerals are used for functions and
operational members that are the same as in FIG. 5. The third
embodiment of the present disclosure is described below,
focusing on the main differences from the first embodiment.
[0216] In the third embodiment, the smartphone 2003
includes the atmospheric pressure sensor 2005, as illustrated
in FIG. 24.

[0217] The atmospheric pressure sensor 2005 detects the
atmospheric pressure at the location of the smartphone 2003.
The atmospheric pressure detected by the atmospheric pres-
sure sensor 2005 is stored in the storage 507. The atmo-
spheric pressure sensor 2005 may be a sensor that measures
the atmospheric pressure by detecting a change in capaci-
tance caused by a change in atmospheric pressure, a sensor
that measures the atmospheric pressure by measuring defor-
mation, due to external pressure, as a change in electrical
resistance yielded by the piezoresistive effect, or the like.
Any other sensor can be used as the atmospheric pressure
sensor 2005 of the present disclosure.

[0218] The controller 501 controls operations of the atmo-
spheric pressure sensor 2005, For example, the controller
501 detects the atmospheric pressure with the atmospheric
pressure sensor 2005 every hour. The atmospheric pressure
detected by the controller 501 becomes the information
related to atmospheric pressure used in the above-described
first embodiment. The controller 501 may detect the atmo-
spheric pressure with the atmospheric pressure sensor 2005
at a time interval other than every hour. For example, the
controller 501 may detect the atmospheric pressure with the
atmospheric pressure sensor 2005 at any time interval, such
as every five minutes, every 30 minutes, every two hours,
every six hours, or every day.

[0219] In this way, the smartphone 2003 in the third
embodiment can detect information related to atmospheric
pressure using the atmospheric pressure sensor 2005 and can
create atmospheric pressure information. The third embodi-
ment enables appropriate physical condition management
even when atmospheric pressure information cannot be
acquired from an external source.

Fourth Embodiment Using an Atmospheric Pressure
Threshold

[0220] Next, a fourth embodiment of an electronic device
is described. The configuration of the fourth embodiment is
similar to that of the first embodiment described with
reference to FIG. 5 and the like. In the fourth embodiment,
the timing of measurement of biological information differs
from the first embodiment. The fourth embodiment of the
present disclosure is described below, focusing on the main
differences from the first embodiment.
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[0221] FIG. 25 is a graph illustrating atmospheric pressure
analysis operations in an electronic device of the fourth
embodiment. The controller 501 of the smartphone 103 of
the fourth embodiment judges whether the atmospheric
pressure has become equal to or less than a predetermined
threshold in the atmospheric pressure analysis operation
(S805) of the flowchart illustrated in FIG. 12.

[0222] In the example in FIG. 25, a predetermined thresh-
old Pt is 1002 [hPa]. The controller 501 takes the time point
at which the atmospheric pressure becomes equal to or less
than the predetermined threshold Pt as a timing T1 for
measuring biological information. The controller 501 stores
the biological information measured at time point T1 in the
storage 507. This predetermined threshold Pt may be any
value other than 1002 [hPa], and a plurality of thresholds
may be used.

[0223] Operations by the electronic device of the fourth
embodiment after measuring the biological information at
timing T1 are similar to the above-described first embodi-
ment.

[0224] In this way, the electronic device of the fourth
embodiment can measure the biological information at the
point in time at which the atmospheric pressure becomes
equal to or less than the predetermined threshold Pt, allow-
ing more appropriate physical condition management that
matches the user’s physical condition.

Fifth Embodiment with Biological Sensor Mounted
in Smartphone

[0225] Next, an electronic device of a fifth embodiment of
the present disclosure is described. The fifth embodiment
differs from the first embodiment in that the smartphone
forming part of the wearable system as an electronic device
includes a measurement unit that measures biological infor-
mation of a user. The remaining configuration is similar
between the fifth embodiment and the first embodiment. In
other words, the smartphone 103 illustrated in FIG. 5 is
replaced in the fifth embodiment by the smartphone 2201
described below. The fifth embodiment of the present dis-
closure is described below, focusing on the main differences
from the first embodiment. FIG. 26 is a schematic view of
the smartphone 2201 used in an electronic device of the fifth
embodiment.

[0226] In the above-described embodiment, the measure-
ment unit that measures the biological information of the
user is in the wearable device 101, but the present disclosure
is not limited to this case. A measurement unit that measures
the biological information of the user may be in the smart-
phone 103. Instead of the measurement unit 201L or the
measurement unit 201R illustrated in FIG. 5, an LED light
of the smartphone 103 may be used as an optical emitter, and
a camera of the smartphone 103 may be used as an optical
detector. A biological sensor may be provided in the smart-
phone 103 as an electronic device of the fifth embodiment of
the present disclosure.

[0227] As illustrated in FIG. 26, the smartphone 2201
includes an optical detector 2203 that detects light and an
optical emitter 2205 that emits light. The optical detector
2203 is, for example, a camera. The optical emitter 2205 is,
for example, an LED. The optical detector 2203 and the
optical emitter 2205 form a plethysmograph.

[0228] FIG. 27 is a side schematic view of the smartphone
illustrated in FIG. 26. When the smartphone 2201 measures
the biological information of the user, the user’s finger 2301
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covers at least a portion of the optical emitter 2203 and the
optical detector 2205, as illustrated in FIG. 27. The user’s
finger may cover at least a portion of the optical emitter 2203
and the optical detector 2205 at different points in time.
[0229] Light L1 emitted from the optical emitter 2205
becomes scattered light .2 scattered at a blood vessel 2303
of the user’s finger 2301 and is incident on the optical
detector 2203.

[0230] In this way, the optical detector 2203 and the
optical emitter 2205 form a plethysmograph in the smart-
phone 2201. The optical detector 2203 and the optical
emitter 2205 may configure a blood flow meter.

[0231] A physical condition management system 24000
using the smartphone 2201 illustrated in F1G. 26 is described
with reference to FIG. 28. FIG. 28 is an internal block
diagram of the physical condition management system
24000 using the smartphone 2201 illustrated in FIG. 26. In
FIG. 26, the same reference numerals are used for members
performing the same operations as the members in FIG. 5.
The fifth embodiment of the present disclosure is described
below, focusing on the main differences from the first
embodiment.

[0232] As illustrated in FIG. 28, the physical condition
management system 24000 includes a wearable system
2410, which is the fifth embodiment of an electronic device
according to the present disclosure, and the server 109. The
wearable system 2410 includes the wearable device 101 and
the smartphone 2201.

[0233] The smartphone 2201 includes the measurement
unit 2401. The measurement unit 2401 includes the optical
emitter 2203 and the optical detector 2205. Operations by
the measurement unit 2401 are controlled by the controller
501. In the example in FIG. 28, the wearable device 101
includes the measurement units 201L, 201R. In the fifth
embodiment, however, at least one of the measurement units
2010, 201R may be omitted.

[0234] Next, with reference to FIG. 29, the operations of
the physical condition management system 24000 illustrated
in FIG. 28 are described. FIG. 29 is a flowchart of operations
of the physical condition management system 24000 illus-
trated in FIG. 28. In FIG. 29, the same step numbers are used
for operations that are similar to those of the flowchart in
FIG. 12.

[0235] As illustrated in FIG. 29, the server 109 first stores
atmospheric pressure information in the storage 527 (S801).
This atmospheric pressure information is, for example,
atmospheric pressure information distributed by the govern-
ment or the like. The atmospheric pressure information may
also be atmospheric pressure information created by a
private institution. The server 109 transmits the atmospheric
pressure information to the smartphone 2201 (S803).
[0236] After receiving the atmospheric pressure informa-
tion from the server 109, the smartphone 2201 analyzes the
atmospheric pressure information (S805). The atmospheric
pressure analysis operation in step S805 is similar to the case
described above with reference to FIG. 12.

[0237] Based on the analysis result of the atmospheric
pressure information, the smartphone 2201 then provides
notification of the start of biological information measure-
ment (S807). Notification of the start of measurement is, for
example, provided by the display of an image on a touch
panel display, or by audio or vibration.

[0238] Based on the analysis result of the atmospheric
pressure, the smartphone 2201 issues an instruction to start
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measurement of biological information to the measurement
unit 2401 (S2501). Measurement of biological information
may instead begin in response to the user touching an
instruction button, displayed on the touch panel display, for
starting biological information measurement. The smart-
phone 2201 may also be configured so that measurement of
the biological information starts in response to user instruc-
tion or without user instruction.

[0239] After receiving the instruction to start measure-
ment of biological information from the smartphone 2201,
the measurement unit 2401 starts measurement of biological
information (82503). The measurement unit 2401 measures
information indicating a plethysmogram of the user in the
present disclosure. The smartphone 2201 may also issue an
instruction to start measurement to the measurement units
201R, 201L of the wearable device 101.

[0240] The smartphone 2201 stores the biological infor-
mation measured by the measurement unit 2401 in the
storage 507 (S2505).

[0241] After storing the measurement information, the
smartphone 2201 stands by for a predetermined length of
time (S817). The smartphone 103 stands by for two hours in
step S817. While this predetermined elapsed time is two
hours in this example, the predetermined elapsed time may
be any length of time other than two hours, such as five
minutes, 30 minutes, one hour, six hours, one day, or the
like.

[0242] After standing by for this predetermined length of
time, the smartphone 2201 instructs the measurement unit
2401 to start measuring biological information (S2507). The
smartphone 2201 may issue an instruction to start measure-
ment to the measurement units 201R, 201L of the wearable
device 101.

[0243] After receiving the instruction to start measure-
ment of biological information from the smartphone 2201,
the measurement unit 2401 starts measurement of biological
information (82509). The measurement unit 2401 measures
information indicating a plethysmogram of the user in the
present disclosure. The smartphone 2201 may also issue an
instruction to start measurement to the measurement units
201R, 201L of the wearable device 101.

[0244] The smartphone 2201 stores the biological infor-
mation measured by the measurement unit 2401 in the
storage 507 (S2511).

[0245] The smartphone 2201 compares two pieces of
information related to biological information stored in the
storage 507. When a predetermined condition is satisfied,
the smartphone 2201 judges whether a preventive action is
to be performed (S827). When judging that a preventive
action is to be performed, the smartphone 2201 may, for
example, instruct the user to start a preventive action as in
the above-described step S829.

[0246] The wearable device 101 performs a preventive
action based on the instruction from the smartphone 2201 to
start a preventive action (S831). Examples of preventive
actions performed by the wearable device 101 include
causing the vibration unit to vibrate and outputting prede-
termined audio from the vibration unit or speaker. The
wearable device 101 may perform a preventive action either
in response to user instruction or, in the absence of user
instruction, in response to the instruction from the smart-
phone 2201 to start a preventive action.

Apr. 16, 2020

[0247] The smartphone 2201 performs a preventive
action, such as displaying an image or providing audio
notification of massage information for physical condition
management (S833).

[0248] In this way, the fifth embodiment of the present
disclosure achieves similar effects to the first embodiment
and also allows measurement of biological information with
the smartphone 2201, thereby improving convenience for
the user.

[0249] The vibration units 205L, 205R illustrated in FIG.
28 may be provided in the smartphone 2201 of the fifth
embodiment. In this case, the measurement unit 2401 that
measures the biological information of the user and one of
the vibration units 2050, 205R are provided in the smart-
phone 2201. An apparatus that outputs sound, such as a
dynamic speaker or a piezoelectric element speaker, may
further be provided in the smartphone 2201 in this case. This
configuration allows the smartphone 2201 alone to measure
biological information of the user, massage the user by
vibration, and play back music. The wearable device 101 can
therefore be omitted in this case. In other words, only the
smartphone 2201 is the electronic device in this case.
[0250] Earphone-Type Sixth Embodiment Next, a sixth
embodiment of the present disclosure is described below
with reference to FIG. 30. The electronic device of the sixth
embodiment differs from the wearable system 100 illustrated
in FIG. 1 in that the wearable device 101 becomes an
earphone-type wearable device 2603. The sixth embodiment
is otherwise similar to the first embodiment. The sixth
embodiment of the present disclosure is described below,
focusing on the main differences from the first embodiment.
[0251] FIG. 30 is a schematic configuration diagram of the
wearable system 2601, which is an electronic device of the
sixth embodiment. As illustrated in FIG. 30, the wearable
system 2601 includes a smartphone 103 and a wearable
device 2603 connected to the smartphone 103 by a cable
105. The internal configuration of the smartphone 103 is
similar to the configuration illustrated in FIG. 5.

[0252] The wearable device 2603 includes a right-ear
earphone 2603R and a left-ear earphone 2603L. The right-
ear earphone 2603R and the left-ear earphone 2603L are
connected to each other by the cable 105. The right-ear
earphone 2603R and the left-ear earphone 26031 may be
connected to the smartphone 103 by wireless communica-
tion instead of by the cable 105.

[0253] FIG. 31 is a schematic configuration diagram of the
left-ear earphone 2603L illustrated in FIG. 30. The sche-
matic configuration of the right-ear earphone 2603R illus-
trated in FIG. 30 is similar to FIG. 31. The operations of the
right-ear earphone 2603R illustrated in FIG. 30 are similar
to the operations of the left-ear earphone 26031 described
below.

[0254] As illustrated in FIG. 31, the left-ear earphone
2603L includes a left-ear outer-ear insertion portion 2605L.
An optical emitter 4031 and an optical detector 4050 are
included in the outer-ear insertion portion 2605L at the
portion in contact with the external ear canal. The outer-ear
insertion portion 2605L includes a vibration unit 205L.
[0255] The optical emitter 4031 and the optical detector
405L, of the outer-ear insertion portion 26051 can measure
the biological information of the user. The vibration unit
205L of the outer-ear insertion portion 26051 can generate
audio and can also perform a massage by applying vibration.
The optical emitter 4031 and the optical detector 4051 of the
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outer-ear insertion portion 26050 form a plethysmograph,
like the above-described first embodiment. The optical emit-
ter 4030 and the optical detector 4051 of the outer-ear
insertion portion 2605L may form a blood flow meter, like
the above-described second embodiment.

[0256] The configuration illustrated in FIG. 31 allows the
user to wear the left-ear earphone 2603L in the left outer ear.
The same effects as in the first embodiment can also be
achieved.

Seventh Embodiment for Providing Notification of
Physical Condition after Preventive Action

[0257] Next, an electronic device of a seventh embodi-
ment is described. An electronic device of the seventh
embodiment has the configuration of the above-described
electronic device of the first embodiment while also provid-
ing notification of the physical condition of the user after a
preventive action. The seventh embodiment of the present
disclosure is described below, focusing on the main differ-
ences from the first embodiment.

[0258] FIG. 32 is a flowchart of operations by the seventh
embodiment of an electronic device of the present disclo-
sure. As illustrated in FIG. 32, the operations of the seventh
embodiment differ from the operations of the first embodi-
ment in that the operations illustrated in FIG. 32 are added
after the preventive action S831 and the preventive action
S833 of the first embodiment illustrated in FIG. 12.

[0259] After the preventive action S831 illustrated in FIG.
12, the wearable device 101 transmits a notification of
completion of the preventive action to the smartphone 103
(83201). This notification of completion indicates that the
preventive action described in S831 of FIG. 12 is complete.
When a preventive action is not performed in the wearable
device 101, transmission of this notification may be omitted.
[0260] The smartphone 103 instructs the wearable device
101 to start measuring biological information (S3203). After
receiving the instruction to measure biological information,
the wearable device 101 measures biological information
(S3205). Here, the wearable device 101 measures a plethys-
mogram. The wearable device 101 then transmits the mea-
sured biological information to the smartphone 103 (53207).
The smartphone 103 may instruct the wearable device 101
to start measuring biological information either in response
to user instruction or without user instruction. The timing at
which the smartphone 103 instructs the wearable device 101
to start measuring biological information in step S3203 may,
for example, be immediately after the smartphone 103
receives the notification of completion from the wearable
device 101 in step S3201, a predetermined length of time
(such as five minutes) after the instruction to start the
preventive action is provided (S829), a predetermined length
of time (such as five minutes) after the preventive action in
step S833 is performed, or the like. The predetermined
length of time may be any time other than five minutes, such
as 30 seconds, one minute, one hour, or the like.

[0261] The smartphone 103 stores the biological informa-
tion received from the wearable device 101 in the storage
507 (S3209). The smartphone 103 designates the stored
biological information as fourth biological information.
[0262] The smartphone 103 judges the effect of the pre-
ventive action (S3211). In other words, the smartphone 103
compares the second LF/HF value at time point T2 and a
fourth LF/HF value extracted from the fourth biological
information.
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[0263] The smartphone 103 then judges whether the value
of the fourth LEF/HF is greater than the value of the second
LF/HF. The smartphone 103 issues an instruction to start a
preventive action when the value of the fourth LF/HF is
greater than the value of the second LF/HF (S3213). The
issuing of an instruction to start a preventive action in step
S3213 is the same as the issuing of an instruction to start a
preventive action in step S829 of FIG. 12. The smartphone
103 may terminate operations when the value of the fourth
LF/HF is equal to or less than the value of the second LF/HF.
[0264] In the present disclosure, the fourth LF/HF value is
compared with the second LF/HF, but this configuration is
not limiting. Any LF/HF value may be used as a threshold
for comparison with the fourth LF/HF. The prevention
action may be performed again when the fourth LF/HF is
greater than this threshold, and the action may be ended
when the fourth LF/HF is equal to or less than this threshold.
Alternatively, the smartphone 103 may measure the body
temperature and blood flow of the user and compare the
values of the body temperature and blood flow at a second
time point with the values of the body temperature and blood
flow at a fourth time point after a massage is performed to
determine whether to perform the preventive action again.
[0265] After receiving the instruction to start a preventive
action, the wearable device 101 performs a preventive action
(83215). The preventive action in step S3215 is the same as
the operation to start a preventive action in step S831 of FIG.
12. The smartphone 103 performs a preventive action
(S3217). The preventive action in step S3217 is the same as
the operation to start a preventive action in step S833 of FIG.
12.

[0266] The wearable device 101 and the smartphone 103
subsequently complete operations. The wearable device 101
may return to the operation in step S3201 after the operation
in step S3215, and the smartphone 103 may return to the
operation in step S3203 after the operation in step S3217.
[0267] In this way, the seventh embodiment of the present
disclosure allows the smartphone 103 to perform a preven-
tive action after judging the effect of a massage and thus
allows better physical condition management.

Eighth Embodiment with CPU and Storage
Mounted in Wearable Device

[0268] Next, an electronic device of an eighth embodi-
ment is described with reference to FIG. 35 and FIG. 36.
FIG. 35 is a block diagram of a physical condition manage-
ment system 35000 that uses an electronic device of the
eighth embodiment. FIG. 36 is a flowchart of operations of
the physical condition management measurement system
35000 illustrated in FIG. 35.

[0269] As illustrated in FIG. 35, the electronic device of
the eighth embodiment has the configuration of the above-
described electronic device of the third embodiment, with
the wearable device 101 being replaced by a wearable
device 3501. The eighth embodiment of the present disclo-
sure is described below, focusing on the main differences
from the third embodiment.

[0270] The physical condition management system 35000
includes a wearable system 3503 and a server 109. The
wearable system 3503 includes a wearable device 3501 and
a smartphone 2003. The configuration and operations of the
smartphone 2003 and the server 109 are similar to the
configuration and operations in the above-described third
embodiment.
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[0271] 1In addition to the configuration of the wearable
device 101 illustrated in FIG. 24, the wearable device 3501
includes a controller 3511, a storage 3515, a position mea-
surement unit 3517, and an atmospheric pressure sensor
3519.

[0272] The controller 3511 is a processor that controls and
manages the entire wearable system 3503, including the
functional blocks of the wearable device 3501. The control-
ler 3511 is a processor, such as a central processing unit
(CPU), that executes programs prescribing control proce-
dures. Such programs may, for example, be stored in the
storage 3515 or on an external storage medium or the like
connected to the wearable device 3501.

[0273] To provide control and processing capability for
executing various functions, as described below in greater
detail, the wearable device 3501 includes at least one
processor 3513.

[0274] In various embodiments, the one or more proces-
sors 3513 may be implemented as a single integrated circuit
(IC) or as a plurality of communicatively connected inte-
grated circuits and/or discrete circuits. The one or more
processors 3513 can be implemented with a variety of
known techniques.

[0275] Inan embodiment, the processor 3513 includes one
or more circuits or units configured to execute one or more
data calculation procedures or processes by executing
instructions stored in related memory, for example. In
another embodiment, the processor 3513 may be firmware
(such as discrete logic components) configured to execute
one or more data calculation procedures or processes.

[0276] In various embodiments, the processor 3513 may
include one or more processors, controllers, microproces-
sors, microcontrollers, application specific integrated cir-
cuits (ASIC), digital signal processors, programmable logic
devices, field programmable gate arrays, any combination of
these devices or structures, or a combination of other known
devices and structures, to execute the below-described func-
tions of the controller 3511.

[0277] Based on atmospheric pressure information stored
in the storage 3515, for example, the controller 3511 causes
the reporting interface 511 to report the start of biological
information measurement. Based on the instruction from the
controller 3511, the reporting interface 511 uses audio, an
image, vibration, or a combination of these to report the start
of measurement of biological information. In other words,
the reporting interface 511 has the function of a first report-
ing interface.

[0278] The storage 3515 can be configured by a semicon-
ductor memory, a magnetic memory, or the like. The storage
3515 stores various information, programs for operating the
smartphone 2003 and the wearable device 101, and the like.
The storage 3515 may also function as a working memory.
For example, the storage 3515 may store received informa-
tion related to the atmospheric pressure.

[0279] Here, the atmospheric pressure information stored
in the storage 3515 is similar to the atmospheric pressure
information described with reference to FIG. 6 and FIG. 7.

[0280] The position measurement unit 3517 has a similar
configuration to that of the position measurement unit 509
and performs similar operations. In other words, the position
measurement unit 3517 measures the current position of the
wearable device 3501. This position measurement may be
made using a global positioning system (GPS), for example.
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The position information measured by the position measure-
ment unit 3517 is stored in the storage 3515.

[0281] The atmospheric pressure sensor 3519 has a similar
configuration to that of the atmospheric pressure sensor
2005 and performs similar operations. In other words, the
atmospheric pressure sensor 3519 detects the atmospheric
pressure at the location of the wearable device 3501. The
atmospheric pressure detected by the atmospheric pressure
sensor 3519 is stored in the storage 3515. The atmospheric
pressure sensor 3519 may be a sensor that measures the
atmospheric pressure by detecting a change in capacitance
caused by a change in atmospheric pressure; a sensor that
measures the atmospheric pressure by measuring deforma-
tion, due to external pressure, as a change in electrical
resistance yielded by the piezoresistive effect; or the like.
Any other sensor can be used as the atmospheric pressure
sensor of the present disclosure.

[0282] The controller 3511 controls operations of the
atmospheric pressure sensor 3519. For example, the con-
troller 3511 detects the atmospheric pressure with the atmo-
spheric pressure sensor 3519 every hour. The atmospheric
pressure detected by the controller 3511 becomes the infor-
mation related to atmospheric pressure used in the above-
described first embodiment. The controller 3511 may detect
the atmospheric pressure with the atmospheric pressure
sensor 3519 at a time interval other than every hour. For
example, the controller 3511 may detect the atmospheric
pressure with the atmospheric pressure sensor 3519 at any
time interval, such as every five minutes, every 30 minutes,
every two hours, every six hours, or every day.

[0283] Next, with reference to FIG. 36, the operations of
the physical condition management system 35000 illustrated
in FIG. 35 are described. FIG. 36 is a flowchart of operations
of the physical condition management system 35000 illus-
trated in FIG. 35.

[0284] As illustrated in FIG. 36, the server 109 first stores
atmospheric pressure information in the storage 527
(S3501). This atmospheric pressure information is, for
example, atmospheric pressure information distributed by
the government or the like. The atmospheric pressure infor-
mation may also be atmospheric pressure information cre-
ated by a private institution. The atmospheric pressure
information may be atmospheric pressure information input-
ted to the server 109 by the user. The server 109 transmits
the atmospheric pressure information to the wearable device
3501 (S3503). The server 109 may transmit the atmospheric
pressure information first to the smartphone 2003, and the
smartphone 2003 may then transmit the atmospheric pres-
sure information to the wearable device 3501. In other
words, the atmospheric pressure information may be trans-
mitted from the server 109 to the wearable device 3501 via
the smartphone 2003. The wearable device 3501 may also
acquire the atmospheric pressure information using the
atmospheric pressure sensor 3519. The smartphone 2003
may measure the atmospheric pressure using the atmo-
spheric pressure sensor 2005 and transmit the measured
atmospheric pressure information to the wearable device
3501.

[0285] After receiving the atmospheric pressure informa-
tion from the server 109, the wearable device 3501 analyzes
the atmospheric pressure information (S3505). The atmo-
spheric pressure analysis operation in step S3505 is similar
to the case described above with reference to FIG. 12. In
other words, the controller 3511 of the wearable device 3501
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works together with a program stored in the storage 3515 to
analyze the atmospheric pressure information.

[0286] Based on the analysis result of the atmospheric
pressure information, the wearable device 3501 then pro-
vides notification of the start of biological information
measurement (S3507). This notification of the start of mea-
surement may, for example, be the output of sound from the
vibration units 2051, 205R, vibration by the vibration units
205L, 205R in a predetermined pattern, or the like. Based on
the analysis result of the atmospheric pressure information,
the wearable device 3501 may notify the smartphone 2003
of the start of biological information measurement and have
the smartphone 2003 provide this notification. The notifica-
tion operation in this case is similar to step S807 in FIG. 12,
described above.

[0287] Based on the analysis result of the atmospheric
pressure, the wearable device 3501 issues an instruction to
start measurement of biological information to the measure-
ment units 2011, 201R (83509). Measurement of biological
information may instead begin in response to the user
touching an instruction button, displayed on a touch panel
display of the smartphone 2003, for starting biological
information measurement. The wearable device 3501 may
also be configured so that measurement of the biological
information starts in response to user instruction or without
user instruction.

[0288] After receiving the instruction to start measure-
ment of biological information from the wearable device
3501, the measurement units 201L, 201R start measurement
of biological information (S3511). The measurement units
201L, 201R measure information indicating a plethysmo-
gram of the user in the present disclosure. The wearable
device 3501 may also issue an instruction to start measure-
ment to the measurement unit of the smartphone 2003.
[0289] The wearable device 3501 stores the biological
information measured by the measurement units 2011, 201R
in the storage 3515 (83513).

[0290] After storing the measurement information, the
wearable device 3501 stands by for a predetermined length
of time (S3515). The wearable device 3501 stands by for two
hours in step S3515. While this predetermined elapsed time
is two hours in this example, the predetermined elapsed time
may be any length of time other than two hours, such as five
minutes, 30 minutes, one hour, six hours, one day, or the
like.

[0291] After standing by for this predetermined length of
time, the wearable device 3501 instructs the measurement
units 2017, 201R to start measuring biological information
(S3517). When the smartphone 2003 includes a measure-
ment unit, the wearable device 3501 may also issue an
instruction to start measurement to the measurement unit of
the smartphone 2003.

[0292] After receiving the instruction to start measure-
ment of biological information from the wearable device
3501, the measurement units 2011, 201R start measurement
of biological information (S3519). The measurement units
2010, 201R measure information indicating a plethysmo-
gram of the user in the present disclosure. The measurement
units 2011, 201R may measure the blood flow of the user.
[0293] The wearable device 3501 stores the biological
information measured by the measurement units 201, 201R
in the storage 3515 (83521).

[0294] The wearable device 3501 compares two pieces of
information related to biological information stored in the
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storage 3515. When a predetermined condition is satisfied,
the wearable device 3501 judges whether a preventive action
is to be performed ($3523). When judging that a preventive
action is to be performed, the wearable device 3501 may, for
example, instruct the smartphone 2003, the wearable device
3501, and the user to start a preventive action as in the
above-described step S829 (S3525).

[0295]  After receiving an instruction to start a preventive
action from the wearable device 3501, the smartphone 2003
performs a preventive action, such as displaying an image or
providing audio notification of massage information for
physical condition management (83527).

[0296] The wearable device 3501 performs a preventive
action based on the instruction from the wearable device
3501 to start a preventive action (S3529). Examples of
preventive actions performed by the wearable device 3501
include causing the vibration unit to vibrate and outputting
predetermined audio, such as music at a Solfeggio fre-
quency, from the vibration unit or speaker. The wearable
device 3501 may perform a preventive action either in
response to user instruction or, in the absence of user
instruction, in response to the instruction from the wearable
device 3501 to start a preventive action.

[0297] In this way, the eighth embodiment of the present
disclosure achieves similar effects to the first embodiment
and also allows the wearable device 3501 to analyze the
atmospheric pressure and judge whether a preventive action
is needed, thereby improving convenience for the user.

Ninth Embodiment Using a Body Temperature
Sensor

[0298] Next, a ninth embodiment of an electronic device
according to the present disclosure is described with refer-
ence to FIG. 37. FIG. 37 is an internal block diagram of a
physical condition management system 37000 that uses a
wearable system 3700, which is an electronic device of the
ninth embodiment. In the ninth embodiment, a measurement
unit 3711L that corresponds to the measurement unit 2011
according to the first embodiment illustrated in FIG. 5
includes a body temperature sensor 3713. In FIG. 37, the
same reference numerals are used for functions and opera-
tional members that are the same as in FIG. 5. The ninth
embodiment of the present disclosure is described below,
focusing on the main differences from the first embodiment.
[0299] The measurement unit 37111 includes the body
temperature sensor 3713 in addition to an optical emitter
4031 and an optical detector 405L.

[0300] The body temperature sensor 3713 measures the
body temperature of the user as biological information of the
user. The body temperature measured by the body tempera-
ture sensor 3713 is stored in a storage 507 of a smartphone
103.

[0301] The schematic configuration of the measurement
unit 3711L is described with reference to FIG. 38.

[0302] The body temperature sensor 3713 is disposed on
the user side of the measurement unit 3711L to be capable
of measuring the body temperature of a user 102 when a
wearable device 3701 is worn by the user. The user side of
the measurement unit 37111 refers to the side closer to the
user when the wearable device 3701 is worn by the user.
[0303] The body temperature sensor 3713 is not limited to
being installed inside the measurement unit 3711L. The
body temperature sensor 3713 may be installed at any
location where the body temperature of the user can be
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measured. For example, the body temperature sensor 3713
may be installed inside the measurement unit 201R or
installed at another location in the wearable device 3701.
The body temperature sensor 3713 may be installed in the
smartphone 103.

[0304] Operations of the physical condition management
system 37000 are nearly the same as operations of the
physical condition management system 1000 illustrated in
the flowchart of FIG. 12, except that the body temperature
of the user is included in the biological information.
[0305] The differences from the first embodiment are
therefore mainly described below with reference to FIG. 12.
[0306] After receiving the instruction to start measuring
biological information from the smartphone 103, the wear-
able device 3701 measures the body temperature of the user
along with the information indicating a plethysmogram of
the user in step S811.

[0307] The wearable device 3701 transmits information
also including the body temperature of the user as the
measured biological information to the smartphone 103 in
step S813.

[0308] In step S815, the smartphone 103 stores the bio-
logical information that includes the body temperature of the
user in the storage 507.

[0309] After receiving the instruction to start measuring
biological information from the smartphone 103, the wear-
able device 3701 measures the body temperature of the user
along with the information indicating a plethysmogram of
the user in step S821.

[0310] The wearable device 3701 transmits information
also including the body temperature of the user as the
measured biological information to the smartphone 103 in
step S823.

[0311] In step S825, the smartphone 103 stores the bio-
logical information that includes the body temperature of the
user in the storage 507.

[0312] In the judgment of whether a preventive action is
necessary in step S827, a controller 501 of the smartphone
103 makes the judgment taking into account not only the
information related to the heart rate but also the body
temperature of the user at time point T1 and time point T2.
[0313] The controller 501 may provide the notification to
start a preventive action when the body temperature of the
user at time point T2 has fallen by more than a predeter-
mined threshold as compared to the body temperature of the
user at time point T1. The controller 501 may provide the
notification to start a preventive action when the body
temperature of the user at time point T2 has risen by more
than a predetermined threshold as compared to the body
temperature of the user at time point T1.

[0314] The controller 501 may select the preventive action
to provide based not only on the information related to the
heart rate but also the information of the body temperature
of the user.

[0315] When outputting music to the wearable device
3701 as the preventive action, the controller 501 may
instruct the wearable device 3701 to output music appropri-
ate for the change in body temperature of the user. When the
body temperature of the user has risen, the controller 501
may, for example, instruct the wearable device 3701 to
output cool music such as a babbling brook. When the body
temperature of the user has dropped, the controller 501 may,
for example, instruct the wearable device 3701 to output
music that warms the body, such as rock music.
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[0316] When outputting music at a Solfeggio frequency to
the wearable device 3701 as the preventive action, the
controller 501 may instruct the wearable device 3701 to
output music including a Solfeggio frequency appropriate
for the change in body temperature of the user.

[0317] When causing the smartphone 103 to report mas-
sage information as the preventive action, the controller 501
may cause the smartphone 103 to report massage informa-
tion appropriate for the change in body temperature of the
user.

[0318] FIG. 39 illustrates an example of massage infor-
mation that a touch panel display 1001 of the smartphone
103 is caused to display when the body temperature of the
user has dropped. The touch panel display 1001 displays a
message 3901 encouraging the user to perform a massage to
raise the body temperature, an image 3902 indicating the
position of an effective pressure point for raising the body
temperature, and a return button 3903.

[0319] FIG. 40 illustrates an example of massage infor-
mation that the touch panel display 1001 of the smartphone
103 is caused to display when the body temperature of the
user has risen. The touch panel display 1001 displays a
message 4001 encouraging the user to perform a massage to
lower the body temperature, an image 4002 indicating the
position of an effective pressure point for lowering the body
temperature, and a return button 4003.

[0320] The controller 501 may select the preventive action
based on information related to the heart rate and informa-
tion related to the body temperature of the user, or based
only on information related to the body temperature of the
user.

[0321] In this way, the electronic device of the ninth
embodiment also measures the body temperature of the user
as biological information, allowing physical condition man-
agement that is more appropriate for the physical condition
of the user.

Tenth Embodiment Using Discomfort Index

[0322] Next, a tenth embodiment of an electronic device
according to the present disclosure is described with refer-
ence to FIG. 41. FIG. 41 is an internal block diagram of a
physical condition management system 41000 that uses a
wearable system 4100, which is an electronic device of the
tenth embodiment. In the tenth embodiment, a wearable
device 4101 that corresponds to the wearable device 101
according to the first embodiment illustrated in FIG. 5
includes an environment measurement unit 4110. In FI1G. 41,
the same reference numerals are used for functions and
operational members that are the same as in FIG. 5. The
tenth embodiment of the present disclosure is described
below, focusing on the main differences from the first
embodiment.

[0323] The wearable device 4101 includes the environ-
ment measurement unit 4110 in addition to the measurement
units 2011, 201R and the vibration units 205L, 205R.
[0324] The environment measurement unit 4110 measures
environment information of the environment around the
user. The environment measurement unit 4110 includes a
temperature sensor 4111 and a humidity sensor 4113.
[0325] The temperature sensor 4111 measures the air
temperature around the user. The air temperature measured
by the temperature sensor 4111 is stored in a storage 507 of
a smartphone 103.
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[0326] The humidity sensor 4113 measures the humidity
around the user. The humidity measured by the humidity
sensor 4113 is stored in the storage 507 of the smartphone
103.

[0327] A controller 501 of the smartphone 103 calculates
a discomfort index DI based on the air temperature acquired
from the temperature sensor 4111 and the humidity acquired
from the humidity sensor 4113.

DI=0.81T+0.01Hx(0.997-14.3)+46.3

Here, T is the air temperature [ C.], and H is the humidity
[%].

[0328] The schematic configuration when the temperature
sensor 4111 and the humidity sensor 4113 are included in the
measurement unit 2011 is described with reference to FIG.
42.

[0329] The temperature sensor 4111 is disposed on the
outside of the measurement unit 201L to be capable of
measuring the air temperature around the user. Here, the
outside of the measurement unit 201L refers to the side
farther from the user when the wearable device 4101 is worn
by the user.

[0330] The humidity sensor 4113 is disposed on the out-
side of the measurement unit 201L to be capable of mea-
suring the humidity around the user.

[0331] The temperature sensor 4111 and the humidity
sensor 4113 are not limited to being installed inside the
measurement unit 201L. The temperature sensor 4111 may
be installed at any location where the air temperature around
the user can be measured. The humidity sensor 4113 may be
installed at any location where the humidity around the user
can be measured. For example, the temperature sensor 4111
and the humidity sensor 4113 may be installed inside the
measurement unit 201R or installed at another location in
the wearable device 4101. The temperature sensor 4111 and
the humidity sensor 4113 may be installed in the smartphone
103.

[0332] Next, with reference to the flowchart of FIG. 43,
the operations of the physical condition management system
41000 illustrated in FIG. 41 are described. In FIG. 43, the
same step numbers are used for operations that are similar to
those of the flowchart in FIG. 12. A description of operations
that are similar to the flowchart in FIG. 12 is omitted as
appropriate.

[0333] Steps S801 to S805 are similar processes to steps
S801 to S805 in the flowchart in FIG. 12. Hence, a descrip-
tion thereof is omitted.

[0334] After performing the process in step S805, the
smartphone 103 provides notification to start measurement
of biological information and environment information of
the environment around the user based on the analysis result
of the atmospheric pressure information (S4301).

[0335] Based on the analysis result of the atmospheric
pressure, the smartphone 103 transmits an instruction to start
measurement of biological information and environment
information of the environment around the user to the
wearable device 4101 (S809).

[0336] After receiving the instruction to start measure-
ment of biological information and environment information
of the environment around the user from the smartphone
103, the wearable device 4101 starts measurement of bio-
logical information and environment information of the
environment around the user (S4302). The wearable device
4101 measures the air temperature around the user, using the
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temperature sensor 4111, as the environment information of
the environment around the user. The wearable device 4101
measures the humidity around the user, using the humidity
sensor 4113, as the environment information of the envi-
ronment around the user.

[0337] The wearable device 4101 transmits the measured
biological information and environment information of the
environment around the user to the smartphone 103 (S813).
[0338] The smartphone 103 stores the biological informa-
tion and environment information of the environment
around the user received from the wearable device 101 in the
storage 507 (S815).

[0339] The process in step S817 is the same as the process
in step S817 in the flowchart of FIG. 12. Hence, a descrip-
tion thereof is omitted.

[0340] After standing by for a predetermined length of
time, the smartphone 103 transmits an instruction to start
measurement of biological information and environment
information of the environment around the user to the
wearable device 4101 (S819).

[0341] After receiving the instruction to start measure-
ment of biological information from the smartphone 103, the
wearable device 4101 starts measurement of biological
information and environment information of the environ-
ment around the user (S4303).

[0342] The wearable device 4101 transmits the measured
biological information and environment information of the
environment around the user to the smartphone 103 (5823).
[0343] The smartphone 103 stores the biological informa-
tion received from the wearable device 4101 in the storage
507 (S825).

[0344] In the judgment of whether a preventive action is
necessary in step S827, the controller 501 of the smartphone
103 makes the judgment taking into account not only the
information related to the heart rate but also the discomfort
index at time point T1 and time point T2. The discomfort
index is calculated by the controller 501 of the smartphone
103 based on the air temperature and humidity received as
environment information from the wearable device 4101.
For example, when the discomfort index at time point T2 is
within a predetermined range, the controller 501 may judge
that a preventive action is necessary.

[0345] The smartphone 103 provides an instruction to start
the preventive action when a preventive action needs to be
performed (8829). The controller 501 of the smartphone 103
may select the preventive action to provide based not only
on the information related to the heart rate but also the
discomfort index.

[0346] When outputting music to the wearable device
4101 as the preventive action, for example, the controller
501 may instruct the wearable device 4101 to output music
corresponding to the discomfort index. When outputting
music at a Solfeggio frequency to the wearable device 4101
as the preventive action, for example, the controller 501 may
instruct the wearable device 4101 to output music including
a Solfeggio frequency corresponding to the discomfort
index.

[0347] The preventive action corresponding to the dis-
comfort index can be stored in the storage 507 in advance
based on experimental data or the like. The controller 501
may judge the effect of performing a preventive action and
change the correspondence relationship between the dis-
comfort index and the preventive action based on the result.
In accordance with the result of judging the effect of
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performing a preventive action, the controller 501 changes
the correspondence relationship, stored in the storage 507,
between the discomfort index and the preventive action.
[0348] The processes in steps S831 and S833 are the same
as the processes in steps S831 and S833 in the flowchart of
FIG. 12. Hence, a description thereof is omitted.

[0349] The controller 501 may select the preventive action
based on information related to the heart rate and the
discomfort index, or based only on the discomfort index.
[0350] In this way, the electronic device of the tenth
embodiment also takes into consideration the discomfort
index, allowing physical condition management that is more
appropriate for the physical condition of the user.

[0351] First Preventive Action

[0352] Next, a first preventive action to prevent a change
in physical condition is described. The first preventive action
can be applied to each of the above embodiments of the
present disclosure and may be used in combination with
each of the above embodiments. The first preventive action
to prevent a change in physical condition uses the wearable
system 100 of the first embodiment, described above.
Accordingly, the first preventive action that is applicable to
each of the above embodiments of the present disclosure is
used in the physical condition management system 1000, to
which the first embodiment of an electronic device accord-
ing to the present disclosure is applied. Apart from the
wearable system 100 of the first embodiment, the first
preventive action to prevent a change in physical condition
can also clearly be used in the electronic device of each of
the above embodiments.

[0353] The first preventive action can, for example, be
applied to the preventive action indicated in S831 and S833
of FIG. 12, the preventive action indicated in S3215 and
83217 of FIG. 32, the preventive action indicated in S3527
and S3529 of FIG. 36, and the like.

[0354] As described above, the parasympathetic nerves
become dominant when a subject whose sympathetic nerves
are dominant listens to music at a Solfeggio frequency by
bone conducted vibration. The vibration units 205L, 205R
mainly output human body vibration sound to the user
through vibration. In the first preventive action, the vibration
units 205L, 205R output music at a Solfeggio frequency to
the user by bone conducted vibration. The vibration units
205L, 205R may output music at a Solfeggio frequency to
the user by vibration other than bone conduction. Music at
a Solfeggio frequency can also be transmitted to the user by
bone conducted vibration using a speaker or the like. With
bone conduction, vibration of a predetermined body part is
transmitted from the bone to the auditory nerve. In the first
preventive action, the vibration units 205L, 205R may
output music other than music at a Solfeggio frequency to
the user by bone conducted vibration.

[0355] An overview of the first preventive action is pro-
vided with reference to FIG. 44 and FIG. 45. FIG. 44 and
FIG. 45 are schematic views of the first preventive action.
[0356] In the first preventive action, the controller 501
controls operation of at least one of the vibration units 205L,
205R to output music 4403 and vibration 4405 to an ear
4401 of the user, as illustrated in FIG. 44.

[0357] The controller 501 controls operation of at least
one of the vibration units 205L, 205R to vibrate so that the
vibration 4405 stimulates the inner ear of the user. The
controller 501 may control operation of at least one of the
vibration units 205L, 205R to vibrate so that the vibration
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4405 stimulates the vestibular nerve in the inner ear of the
user. The controller 501 controls operation of at least one of
the vibration units 205L, 205R to vibrate so that the vibra-
tion 4405 stimulates a pressure point of the user. Examples
of the pressure points include a pressure point 4407 known
as kankotsu and a pressure point 4409 known as tenyo,
which is said to be effective for migraines. The pressure
point stimulated by operation of at least one of the vibration
units 2051, 205R may be a different pressure point.
[0358] As illustrated in FIG. 45, the controller 501 con-
trols operation of at least one of the vibration units 205L,
205R to output three types of music, music 4501, music
4503, and music 4505 as music and three levels of vibration,
vibration 4507, vibration 4509, and vibration 4511, as vibra-
tion to the ear 4401 of the user. The number of types of
music is not limited to three and may be any number one or
greater. The number of levels of vibration is not limited to
three and may be any number one or greater. The types of
music are, for example, music at a Solfeggio frequency such
as water music or piano music. The types of vibration are,
for example, types with different vibration intensities or
frequencies. The types of music may, for example, be music
other than music at a Solfeggio frequency.

[0359] Next, the first preventive action is described with
reference to FIG. 46 and FIG. 47. FIG. 46 and FIG. 47 are
flowcharts of the first preventive action.

[0360] As illustrated in FIG. 46, the first preventive action
mainly includes a judgment of necessity of a preventive
action (S4601), preventive actions (S4603), and a determi-
nation of an optimal preventive action (S4605).

[0361] The judgment of necessity of a preventive action
(S4601) is similar to the process of S827 in FIG. 12, for
example.

[0362] The preventive actions (S4603) are operations
illustrated in the flowchart of FIG. 47.

[0363] The determination of an optimal preventive action
(S4605) is an operation to determine a preventive action that
is effective for the user among the various types of preven-
tive actions (S4603) that were performed. For example,
when the LF/HF of the user is smallest after a preventive
action combining music 1 with low vibration as compared to
other combinations of music and vibration, the controller
501 determines that the preventive action combining music
1 with low vibration is the optimal preventive action.
[0364] The preventive actions (S4603) are described with
reference to FIG. 47. Based on the result of the judgment of
necessity of a preventive action (S4601) in FIG. 46, the
controller 501 judges whether to start a preventive action
(S4701). The controller 501 moves to step S4703 if a
preventive action is to start (Yes) and stands by if not.
[0365] The controller 501 sets nto 1 and k to 1 (S4703).
[0366] The controller 501 controls operation of at least
one of the vibration units 2050, 205R to play back music n
and to vibrate at intensity k. Here, music n refers to the n”
type of music. Vibration at intensity k refers to the k” level
of vibration. The levels of vibration increase in intensity in
the order of the 1%, 2, and 3™ levels, for example. Instead
of increasing in intensity in the order of the 1%, 2"¢, and 3’4
levels, the levels of vibration may increase in intensity in a
different order, or may change in any other order.

[0367] The controller 501 stands by for a certain length of
time while controlling operation of at least one of the
vibration units 2051, 205R to continue playing back music
n and vibrating at intensity k (S4707). After this certain
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length of time, the controller 501 controls operation of at
least one of the vibration units 2051, 205R to stop playback
of music n and vibration at intensity k. The certain length of
time is the time necessary to see the effect on the user of the
music and vibration. This length of time is three minutes in
the first preventive action but may be any length of time
other than three minutes. The controller 501 moves to step
S4709 after standing by for the certain length of time (Yes)
and continues to stand by if the certain length of time has not
elapsed (No).

[0368] The controller 501 controls operation of at least
one of the measurement units 201L, 201R to measure
biological information of the user (S4709). In the first
preventive action, the controller 501 measures the heart rate
of the user from a plethysmogram of the user, as in the first
embodiment above. The controller 501 may measure the
heart rate of the user from the blood flow of the user. The
controller 501 measures the LF/HF from the heart rate, i.e.
the measured biological information of the user.

[0369] The controller 501 stands by for a certain length of
time after stopping operation of the vibration units 205L,
205R (S4711). This certain length of time is for reducing the
effect on the user of playback of the music n and vibration
at intensity k by operation of at least one of the vibration
units 205L, 205R. This certain length of time is, for
example, ten minutes but may be any length of time other
than ten minutes.

[0370] The controller 501 judges whether n is less than
three (S4713). The controller 501 moves to step S4715 if n
is less than three (Yes) and moves to the optimal preventive
action of step S4605 in FIG. 46 if n is not less than three
(No).

[0371] The controller increments n and k each by one and
moves to step S4705.

[0372] The transition of the combination of music and
vibration in the flowchart of FIG. 47 is now described with
reference to FIG. 48. FIG. 48 is a conceptual diagram of
transitions between combinations of music and vibration
during the first preventive action.

[0373] As illustrated in F1G. 48, the combination of music
and vibration starts at music 1 and low vibration and
transitions sequentially to music 2 and low vibration, music
3 and low vibration, . . . , and music 3 and high vibration.
The low vibration, medium vibration, and high vibration are
types of vibration in which the vibration intensity sequen-
tially increases.

[0374] Next, the determination of an optimal preventive
action in step S4605 is described. As described above, the
controller 501 changes the combination of music and vibra-
tion outputted to the user and measures the LF/HF of the
user. It is assumed that at least one of the following is the
case as the LF/HF decreases: the user’s physical condition
improves, the user relaxes, and stress decreases. Hence, the
combination of music and vibration yielding the smallest
LF/HF among the LF/HF values measured for the various
combinations of music and vibration is determined to be the
optimal preventive action.

[0375] Inthis way, the combination of music and vibration
is sequentially changed in the first preventive action and the
biological information is measured to use the LE/HF to
detect the effect of the combinations of music and vibration
on the user. The combination of music and vibration yielding
the smallest LE/HF among the combinations of music and
vibration is selected as being optimal for at least one of

Apr. 16, 2020

improving the physical condition of the user, having a
relaxing effect, and reducing stress. The first preventive
action therefore allows an optimal preventive action to be
provided to the user.

[0376]

[0377] Next, a second preventive action to prevent a
change in physical condition is described. The second pre-
ventive action can be applied to each of the above embodi-
ments of the present disclosure and may be used in combi-
nation with each of the above embodiments. The second
preventive action to prevent a change in physical condition
differs from the above-described first preventive action in
that instead of changing the type of music among three
types, the amplitude of a predetermined frequency band of
the music is sequentially changed.

[0378] FIG. 49 is a schematic operation view of the second
preventive action. As illustrated in FIG. 49, predetermined
music is divided into 100 Hz bandwidths in the second
preventive action. The amplitude is increased by sequen-
tially doubling the gain in each bandwidth. The bandwidth
may be any width other than 100 Hz. The bandwidth from
20 Hz to 20020 Hz is used in FIG. 49, but a bandwidth below
20 Hz or above 20020 Hz may be used. The gain is not
limited to doubling and may be a predetermined gain.
Instead of a gain that increases the amplitude, the gain may
decrease the amplitude. In other words, when expressing the
gain in decibels [dB], the gain in the second preventive
action may be 0 dB or less, or may be greater than 0 dB.

[0379] As illustrated in FIG. 49, the controller 501
changes an amplitude 4901 of sound that is 220 Hz or more
and less than 320 Hz among the frequencies of music to an
amplitude 4903. In this case, the amplitude changes from Al
to A2, which is twice Al.

[0380] The controller 501 changes the amplitude illus-
trated in FIG. 49 and sequentially changes the range of the
bandwidth from 20 Hz or more to less than 120 Hz, then 120
Hz or more to less than 220 Hz, etc., designating each
segment of changed music as the n” music. When the
bandwidth is 100 Hz and the frequency range of music is 20
Hz or more and less than 20020 Hz, then n is a natural
number from 1 to 200.

Second Preventive Action

[0381] The controller 501 designates the n™ music as the
music of the above-described first preventive action illus-
trated in FIG. 47 and combines the n” music with vibration.
As in the above-described first preventive action, the con-
troller 501 determines the optimal preventive action from
among combinations of the n” music and vibration. The
judgment of necessity of a preventive action and the deter-
mination of the optimal preventive action in the second
preventive action are similar to the judgment of necessity of
a preventive action (S4601) and the determination of the
optimal preventive action (S4605) in the above-described
first preventive action.

[0382] In this way, the second preventive action not only
achieves effects similar to those of the above-described first
preventive action but also sequentially changes the ampli-
tude in the frequency band of music to create a plurality of
segments of music and selects the optimal music and vibra-
tion from among combinations of these segments of music
and vibration, thereby providing physical condition man-
agement that is appropriate for the user.
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Experimental Method

[0383] Next, an experimental method for verifying a
hypothesis of the present embodiment is described.

Hypothesis:

[0384] The parasympathetic nerves become dominant
when a subject whose sympathetic nerves are dominant
listens to music at a Solfeggio frequency by bone conducted
vibration.

[0385] Testing Method:

1. A subject with no change in physical condition such as a
change in mental state occurring due to the weather, air
temperature, humidity, atmospheric pressure, or other
change in weather; psychosomatic pain; or the like (“change
in physical condition or the like™) is considered to be in a
state in which the sympathetic nerves are dominant.

2. Subjects with a change in physical condition or the like
are tested in an elevator to confirm validity of the hypoth-
esis.

3. The validity of the hypothesis is confirmed with subjects
who exhibited a change in physical condition or the like.
4. The validity of the hypothesis is confirmed by holding an
experiential tour in a typical commercial facility where a
change in atmospheric pressure can be experienced.

[0386] Conditions:

[0387] Sex. age, room without stimulation, constant air
temperature/humidity, a chair such as a relaxing sofa, appro-
priate interior lighting, five subjects with a change in physi-
cal condition or the like, five subjects with no change in
physical condition or the like, vibration frequency, vibration
intensity, frequency of music, hours of sleep on test day,
starting time of test (x hours after a meal), no excessive
fatigue, not under excessive stress, not in poor physical
condition (at least no fever).

[0388] Method of Verifying Effectiveness:

[0389] Measurement of autonomic nerves (change from
sympathetic nerves being dominant to parasympathetic
nerves being dominant), response to questions (receipt of
significant responses such as comfort or alleviation of pain)
[0390] Testing Method:

[0391] Change vibration intensity over three levels (in the
order of low, medium, high).

[0392] Change music to three types (select a song at each
of three vibration intensities).

[0393] Test in the following order:

music 1 low, music 2 low, music 3 low

music 1 medium, music 2 medium, music 3 medium
music 1 high, music 2 high, music 3 high

[0394] Provide a certain rest time between tests.

[0395] Each segment of music is at least approximately
three minutes to allow measurement of autonomic nerves.
[0396] Test 1

1. Gather subjects who are not feeling pain. Measure auto-
nomic nerves.

2. Have subjects perform calculations or the like (except for
subjects who already feel a change in physical condition) for
sympathetic nerves to become dominant.

[0397] 3. Play music sequentially. End when confirming
that parasympathetic nerves are dominant.

4. Response to questions.

[0398] Test 2

1. Gather subjects who are not feeling pain. Measure auto-
nomic nerves.
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2. Measure autonomic nerves in an elevator (high-speed if
possible) used in a high-rise building.

3. After arriving at destination floor, play music sequentially.
End when confirming that parasympathetic nerves are domi-
nant.

4. Response to questions.

[0399] Test3

1. Gather subjects who are feeling a change in physical
condition or the like.

2. Measure autonomic nerve state of subjects.

3. Perform music listening test from aforementioned tests.
4. Response to questions.

[0400] Test 4 (experiment on a tour for people who feel a
change in physical condition or the like to experience
atmospheric pressure in the mountains)

1. Gather subjects who notice a change in physical condition
or the like.

2. Measure autonomic nerve state of subjects.

3. Measure autonomic nerves while subjects experience a
change in atmospheric pressure.

4. While subjects again experience a change in atmospheric
pressure, measure change in autonomic nerves for music and
vibration intensity that were effective in the aforementioned
tests 1, 2, 3.

5. Response to questions.

Other Examples

[0401] In the present disclosure, the pulse rate is consid-
ered to be substantially equal to the heart rate.

[0402] In the present disclosure, an example of the smart-
phone 103 being the apparatus used in the wearable system
100 has been described. Instead of or in addition to a
smartphone, however, a mobile phone, a PHS, a game
device, a watch, a music player, car navigation, a television,
a heart rate meter, a pulse wave monitor, a blood flow meter,
any other apparatus, or any combination of these may be
used in the present disclosure.

[0403] The information related to heart rate in the present
disclosure refers to information from which the heart rate
can be calculated. For example, this information may be the
heart rate itself, the change over time in blood flow, the
change over time in a plethysmogram, or the like.

[0404] 1In the present disclosure, the biological informa-
tion may include at least one of a plethysmogram, body
temperature, pulse, heart rate, pulse wave, heart rate vari-
ability, LF component of heart rate variability, HF compo-
nent of heart rate variability, blood flow, blood pressure,
degree of sweating, blood glucose level, and other biological
information.

[0405] The case of the start of a drop in atmospheric
pressure being the time point T1 for measuring the first
biological information has been described in the present
disclosure (see FIG. 13). The present disclosure is not,
however, limited to the case of measuring the first biological
information at the time point T1. Any time point related to
atmospheric pressure can be used as the time point T1 for
measuring the first biological information, such as when the
atmospheric pressure starts to rise, or when a certain atmo-
spheric pressure range is maintained for a predetermined
time.

[0406] In the present disclosure, a device using piezoelec-
tric elements as the vibration units 205R and 205L has been
described, but the vibration unit of the present disclosure is
not limited to this example. Instead of or in addition to the
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above-described vibration units 205R and 2051, a dynamic
(electrodynamic) vibration unit, a capacitive vibration unit
using a change in electrostatic energy, an electrostrictive
vibration unit, a magnetic vibration unit using a change in
electromagnetic energy, a carbon-type vibration unit, or the
like can be used as the vibration unit of the present disclo-
sure.

[0407] The location where biological information is mea-
sured in the present disclosure is not limited to the locations
indicated in the above embodiments. The biological infor-
mation of the user may be measured at a suitable location
such as a finger, toe, forehead, neck, earlobe, tragus, concha
auriculae, external ear canal, arm, wrist, torso, back, but-
tocks, waist, temple, or the like.

[0408] The location where the vibration unit applies vibra-
tion to the user for a massage may be a suitable location such
as a finger, toe, forehead, neck, earlobe, tragus, concha
auriculae, external ear canal, arm, wrist, torso, back, but-
tocks, waist, temple, or the like.

[0409] The autonomic nerves control certain organs of the
body. The autonomic nerves are constituted by two nervous
systems, the sympathetic nervous system and the parasym-
pathetic nervous system. Tense sympathetic nerves may be
considered a stressed state, whereas tense parasympathetic
nerves may be considered a relaxed state.

[0410] Audio is outputted using a piezoelectric element in
the present disclosure. Instead of or in addition to a piezo-
electric element, however, a speaker or the like can be used
to output audio.

[0411] Biological information has been described as being
measured in response to the measurement instruction from
the user in the present disclosure. When the measurement
unit of the electronic device is in contact with a living body,
however, measurement of biological information may start
automatically. In this case, the wearable device may include
a living body detection sensor, such as an illumination
sensor for detecting contact with a living body.

[0412] A time point T2 for measuring biological informa-
tion in the present disclosure occurs after a predetermined
time elapses from a drop in atmospheric pressure, or when
the atmospheric pressure becomes equal to or less than a
predetermined atmospheric pressure threshold Pt. The time
point T2 may, however, occur when the atmospheric pres-
sure lowers from the atmospheric pressure at time point T1
by a predetermined amount. For example, in the example
illustrated in FIG. 13, the time point at which the atmo-
spheric pressure drops by 5 [hPa] from 1003 [hPa] at time
point T1 to 998 [hPa] may be taken as the time point T2 for
measuring the biological information. In this case, a pre-
ventive action becomes possible due to the change in
atmospheric pressure, with no need to wait for the prede-
termined time to elapse. The physical condition can thus be
managed appropriately. The predetermined drop in atmo-
spheric pressure is not limited to 5 [hPa] and may be any
value.

[0413] In the present disclosure, an example of the bio-
logical information measurement sensor being a reflective
plethysmograph or blood flow meter has been described.
The biological information sensor of the present disclosure
may instead be a transmission-type plethysmograph or blood
flow meter.

[0414] In the present disclosure, an atmospheric pressure
sensor may be provided in an apparatus other than the
smartphone 103, such as the wearable device 101.
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[0415] 1In the present disclosure, a measurement apparatus
such as a temperature gauge, humidity gauge, or altitude
gauge may be provided in the wearable device 101, the
smartphone 103, or the like. A change in the physical
condition of the user can be detected more appropriately
based on information such as the temperature, humidity, and
altitude measured in this way. In other words, the informa-
tion such as the temperature, humidity, and altitude mea-
sured in this way may be compared with thresholds and used
as factors for judging a change in the physical condition of
the user.

[0416] In the present disclosure, the server 109 may notify
the smartphone 103 of the timing for measuring biological
information based on atmospheric pressure information
stored in the storage 527. The smartphone 103 may then
report the measurement of biological information based on
this notification. The operation for the server 109 to calcu-
late the timing at which the smartphone 103 is to measure
biological information based on atmospheric pressure infor-
mation stored in the storage 527 is similar to the operation
described using the examples in FIG. 12, FIG. 13, or other
examples in the above embodiments. In this case, the server
109 can calculate the timing for measuring biological infor-
mation and provide notification, thereby simplifying the
processing on the smartphone 103.

[0417] In the present disclosure, the server 109 may
receive the biological information from the smartphone 103
and transmit an instruction to execute a preventive action to
the smartphone 103 based on the biological information. The
smartphone 103 may then perform a preventive action based
on the instruction. The operations for the server 109 to
receive the biological information from the smartphone 103
and transmit an instruction to execute a preventive action to
the smartphone 103 based on the biological information are
similar to the above-described operations of step S827 and
the like of FIG. 12. In this case, the server 109 can transmit
an instruction to execute a preventive action, thereby sim-
plifying the processing on the smartphone 103.

[0418] When the wearable device, the smartphone, or the
server acquires atmospheric pressure information in the
present disclosure, the atmospheric pressure information
may be acquired from 1) the server of an atmospheric
pressure observation system, such as the Automated Meteo-
rological Data Acquisition System, which is a regional
weather observation system operated by the Japan Meteo-
rological Agency, 2) a terminal, such as a smartphone, tablet,
or mobile phone, with a built-in atmospheric pressure sen-
sor, 3) an atmospheric pressure sensor provided in the actual
wearable device, such as an earphone, headphone, headset,
or head-up display, or from any combination of the above.
[0419] The atmospheric pressure sensor in the present
disclosure may optionally be provided in any one or more of
the wearable device, the smartphone, the server, and other
apparatuses. The atmospheric pressure sensor may instead
be provided in only one of the wearable device, the smart-
phone, the server, or another apparatus.

[0420] The configurations of the embodiments of the
present disclosure, the technical configurations of elements
of the embodiments, the operations of the embodiments, the
technical operations of elements of the embodiments, the
configurations of modifications, the configurations of addi-
tional examples, the configurations of other examples, the
operations of modifications, the operations of additional
examples, the operations of other examples, and the like
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may be freely selected and combined as an electronic device, [0479] 37111 Measurement unit
server, data structure, physical condition management [0480] 3713 Body temperature sensor
method, and physical condition management program of the [0481] 4100 Wearable system
present disclosure. [0482] 4101 Wearable device
[0483] 4110 Environment measurement unit
REFERENCE SIGNS LIST [0484] 4111 Temperature sensor
[0421] 100 Wearable system [0485] 4113 Humidity sensor
[0422] 101 Wearable device [0486] 20000 Physical condition management system
[0423] 102 User [0487] 24000 Physical condition management system
[0424] 102E Ear of user [0488] 35000 Physical condition management system
[0425] 103 Smartphone [0489] 37000 Physical condition management system
[0426] 105 Cable [0490] 41000 Physical condition management system
[gﬁ;] }g; Igletxyork 1. An electronic device comprising;
[ I erver . a measurement unit configured to measure biological
[0429] 201L, 201R Measurement unit information of a user: and
[0430] 203L, 203R Holding portion troll fioured ,t g determined pre-
[0431] 205L, 205R Vibration unit & COontrofier configured 1o perioritl a pre¢ererminec pre
[0432] 207 Connector ventive action based on the biological information
. measured by the measurement unit and atmospheric
[0433] 305 Superficial temporal artery ressure information
[0434] 307 Internal region below skin surface 2 E,l"he electronic devicé of claim 1, further comprising a
[0435] 309 Vestibular nerve ) L ’
[0436] 403L, 403R Optical emitter first repotrtl?%hmt;rf?ce. COFﬁ%ured Io regon (311 staItThof Itnea-
[0437] 405L, 405R Optical detector surement ok the bro‘ogical miotmation based of the atmo-
[0438] 501 Controller spheric pressure information.
3. The electronic device of claim 1, further comprising a
[0439] 503 Processor brati . foured de th ith a vibrati
[0440] 505 Communication interface Vi trl'clmon unlttgon gt]'re to provide the user with a vibration
0441 507 St as the prevenlive action.
{0 442} 500 Poosri?i%il measurement unit . 4. The e}ectrf)nic devic.e of claim 3, WI}erein the vibration
[0443] 511 Reporting interface includes Vlbmtlog that §t1mulate§ a vestibular nerve.
[0444] 513 Power source 5. The electronic device of claim 1, fur.“[her comprising an
[0445] 521 Controller output interface configured to output audio as the preventive
[0446] 523 Processor action.
[0447] 525 Communication interface 6.. The ele.ctronic. device of claim 5, Wherein the audio is
[0448] 527 Storage music combined with sound at a Solfeggio frequency.
[0449] 1000 Physical condition management system 7. The electronic device of claim 1, further comprising a
[0450] 1601 Piezoelectric element second reporting interface configured to report massage
[0451] 1603 Panel information as the preventive action.
[0452] 1801L, 1801R Measurement unit 8. The electronic device of claim 3, further comprising:
[0453] 1803L Optical emitter a holding portion configured to be held by an auricle of an
[0454] 1805L Optical detector ear of the user;
[0435] 2001 Wearable system wherein the vibration unit is disposed in the holding
[0426] 200§ Smartphonf: portion at a back head side of the ear; and
[0457] 2005 Atmospheric pressure sensor wherein the measurement unit is disposed in the holding
[04?8] 2201 Smartphone portion at a face side of the ear.
[gjzg] §§g§ 8p‘qca} detfector 9. The electronic device of claim 3, further comprising a
{ 046 1} 7 0; Fiﬁ;ceérl O?H:llst;ir storage configured to store the atmospheric pressure infor-
tion.
[0462] 2303 Blood vessel of finger of user faror . . . ..
[0463] 2401 Measurement unit 10. The electronic device of claim 9, further comprising:
[0464] 2410 Wearable system a main unit comprising the controller and the storage;
[0465] 2601 Wearable system Whereig infqrmatiqn is trz}nsmitted frorp the main mit to
[0466] 2603 Wearable device the vibration unit by wired communication or wireless
[0467] 2603L Left-ear earphone communication. . .
[0468] 2603R Right-ear earphone 11. The electronic device of claim 1, wherein the atmo-
[0469] 26051 Outer-ear insertion portion spheric pressure information is information acquired over a
[0470] 3501 Wearable device network.
[0471] 3503 Wearable system 12. The electronic device of claim 1, further comprising:
[0472] 3511 Controller an atmospheric pressure sensor configured to measure
[0473] 3513 Processor atmospheric pressure;
[0474] 3515 Storage wherein the atmospheric pressure information is informa-
[0475] 3517 Position measurement unit tion measured by the atmospheric pressure sensor.
[0476] 3519 Atmospheric pressure sensor 13. The electronic device of claim 12, wherein the elec-
[0477] 3700 Wearable system tronic device comprises a smartphone, and the atmospheric
[0478] 3701 Wearable device pressure sensor is disposed in the smartphone.
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14. The electronic device of claim 12, wherein the elec-
tronic device comprises a wearable device to be worn by the
user, and the atmospheric pressure sensor is disposed in the
wearable device.

15. The electronic device of claim 1,

wherein the biological information measured when a

decrease in the atmospheric pressure begins is desig-
nated as first biological information;
wherein the biological information measured after a pre-
determined time elapses from when the decrease begins
is designated as second biological information; and

wherein the controller performs the preventive action on
the user based on a comparison between a value related
to the first biological information and a value related to
the second biological information.

16. The electronic device of claim 1,

wherein the biological information measured when the

atmospheric pressure becomes a predetermined value
or less 1s designated as third biological information;
and

wherein the controller performs the preventive action on

the user based on a value related to the third biological
information.

17. The electronic device of claim 15,

wherein the controller measures information related to a

heart rate as the biological information;

wherein the controller calculates a power spectrum den-

sity from heart rate variability, which is variation in
intervals of the heart rate; and

wherein the controller calculates the value related to the

first biological information and the value related to the
second biological information based on a value related
to an LF component, which is a low-frequency region,
and a value related to an HF component, which is a
high-frequency region.

18. The electronic device of claim 17, wherein the value
related to the first biological information and the value
related to the second biological information are each a value
vielded by dividing the value related to the LF component by
the value related to the HF component.

19. The electronic device of claim 16,

wherein the controller measures information related to a

heart rate as the biological information;

wherein the controller calculates a power spectrum den-

sity from heart rate variability, which is variation in
intervals of the heart rate; and

wherein the controller calculates the value related to the

third biological information based on a value related to
an LF component, which is a low-frequency region,
and a value related to an HF component, which is a
high-frequency region.

20. The electronic device of ¢laim 19, wherein the value
related to the third biological information is a value yielded
by dividing the value related to the LF component by the
value related to the HF component.

21. The electronic device of claim 17,

wherein the low-frequency region is a region of 0.05 Hz

or more to less than 0.15 Hz in the power spectrum
density; and

wherein the high-frequency region is a region of 0.15 Hz

or more to less than 0.40 Hz in the power spectrum
density.
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22. The electronic device of claim 19,

wherein the low-frequency region is a region of 0.05 Hz
or more to less than 0.15 Hz in the power spectrum
density; and

wherein the high-frequency region is a region of 0.15 Hz

or more to less than 0.40 Hz in the power spectrum
density.

23. The electronic device of claim 1, wherein the mea-
surement unit is a plethysmograph configured to measure a
value related to a plethysmogram, the plethysmograph com-
prising an optical emitter configured to emit light and an
optical detector configured to detect light.

24. The electronic device of claim 1, wherein the mea-
surement unit is a blood flow meter configured to measure
a value related to blood flow, the blood flow meter com-
prising an optical emitter configured to emit light and an
optical detector configured to detect light.

25. The electronic device of claim 1,

wherein a server connected to the electronic device over

a network provides the electronic device with a noti-
fication of timing for measurement of biological infor-
mation based on the atmospheric pressure information;
and

wherein the electronic device is configured to report

measurement of biological information based on the
notification.

26. The electronic device of claim 1,

wherein a server connected to the electronic device over

a network receives the biological information from the
electronic device and transmits an instruction to
execute the preventive action to the electronic device
based on the biological information; and

wherein the electronic device is configured to perform the

preventive action based on the instruction.

27. The electronic device of claim 15,

wherein the controller is configured to cause the measure-

ment unit to measure fourth biological information
after the preventive action; and

wherein the controller performs the preventive action on

the user based on a comparison between the value
related to the second biological information and a value
related to the fourth biological information.

28. The electronic device of claim 1,

wherein the biological information measured when a

decrease in the atmospheric pressure begins is desig-
nated as first biological information;

wherein the biological information measured when the

atmospheric pressure decreases by a predetermined
amount from the atmospheric pressure when the first
biological information was measured is designated as
second biological information; and

wherein the controller performs the preventive action on

the user based on a comparison between a value related
to the first biological information and a value related to
the second biological information.

29. The electronic device of claim 1, wherein the mea-
surement unit is configured to measure a body temperature
of the user as the biological information.

30. The electronic device of claim 1, wherein the mea-
surement unit is configured to measure a body temperature
of the user and information related to a heart rate as the
biological information.
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31. The electronic device of claim 1, further comprising:

an environment measurement unit configured to measure
environment information of an environment around the
user;

wherein the controller is configured to perform the pre-
determined preventive action based on the biological
information, the environment information, and the
atmospheric pressure information.

32. The electronic device of claim 31,

wherein the environment information includes air tem-
perature information and humidity information;

wherein the controller is configured to calculate a dis-
comfort index based on the air temperature information
and the humidity information; and

wherein the controller is configured to perform the pre-
determined preventive action based on the biological
information, the discomfort index, and the atmospheric
pressure information.

33. An electronic device comprising:

an environment measurement unit configured to measure
environment information of an environment around a
user; and

a controller configured to perform a predetermined pre-
ventive action based on the environment information
and atmospheric pressure information.

34. A server connected over a network to the electronic

device of claim 1,

wherein the server is configured to receive the atmo-
spheric pressure information from the electronic device
and provide the electronic device with a notification of
timing for measurement of biological information
based on the atmospheric pressure information; and

wherein the electronic device is configured to report
measurement of biological information based on the
notification.

35. A server connected over a network to the electronic

device of claim 1,

wherein the server is configured to receive the biological

information from the electronic device and transmit an
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instruction to execute the preventive action to the
electronic device based on the biological information;
and
wherein the electronic device is configured to perform the
preventive action based on the instruction.
36. A data structure comprising;
biological information related to a heart rate of a user; and
information related to atmospheric pressure;
wherein the data structure is configured to cause an
electronic device to
acquire the information related to the heart rate of the
user based on the information related to atmospheric
pressure; and
perform a predetermined preventive action based on the
information related to the heart rate.
37. A physical condition management method compris-
mg;
measuring biological information of a user; and
performing a predetermined preventive action based on
the measured biological information and atmospheric
pressure information.
38. A physical condition management program for caus-
ing a computer to:
measure biological information of a user; and
perform a predetermined preventive action based on the
measured biological information and atmospheric pres-
sure information.
39. The electronic device of claim 1,
wherein the controller comprises:
a vibration unit configured to provide the user with a
vibration as the preventive action; and
an output interface configured to output audio as the
preventive action;
wherein the controller changes a combination of a type of
the vibration and a type of the audio; and
wherein the controller selects a combination of the type of
the vibration and the type of the audio based on a
measurement result of the biological information mea-
sured when the combination of the type of the vibration
and the type of the audio was changed.
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