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(57) ABSTRACT

A mobile electronic device includes: waveform information
acquisition part configured to add a time stamp to a wave-
form detected from a user and record the waveform with the
time stamp as waveform information; condition information
acquisition part configured to add a time stamp to informa-
tion indicating a condition of the user and record the
information with the time stamp as condition information;
artifact waveform acquisition part configured to acquire,
from artifact waveform data in which a condition and the
artifact waveform are associated with each other and stored,
an artifact waveform that corresponds a condition indicated
by the condition information in the same time period as a
time period of the waveform information; waveform cor-
rection part configured to correct the waveform information
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using the artifact waveform; and autonomic nerves diagnosis

part configured to diagnose autonomic nerves of the user

using the waveform information corrected by the waveform
correction part.
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MOBILE ELECTRONIC DEVICE,
NON-TRANSITORY STORAGE MEDIUM
STORING DIAGNOSIS PROGRAM, AND

DIAGNOSIS SYSTEM

RELATED APPLICATIONS

The present application is a National Phase entry of
International Application No. PCT/JP2014/050799, filed
Jan. 17, 2014, which claims priority of Japanese Application
No. 2013-010299, filed Jan. 23, 2013.

FIELD

The present application relates to a mobile electronic
device, a diagnosis method and diagnosis program.

BACKGROUND

Several kinds of art for detecting or diagnosing a condi-
tion of a human body are known. For example, Patent
literature 1 discloses a technique to calculate a pulse wave
based on an input image that has been captured by laying a
finger on a lens of a camera. Patent literature 2 discloses a
technique that the pulse wave data of a subject to be
diagnosed from which a noise such a dysrhythmia is
removed is employed in order to diagnose autonomic nerves
and the like of the subject.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Laid-open Patent Publica-
tion No. 2009-297233

Patent Literature 2: Japanese Laid-open Patent Publica-
tion No. 2008-253579

Technical Problem

In a case of diagnosing the autonomic nerves, it is difficult
to make a precise diagnosis because the autonomic nerves
are likely sensitive to various kinds of factors. In particular,
in a case of diagnosing the autonomic nerves of the subject
who is moving with a mobile electronic device, it is difficult
to make a precise diagnosis due to a large change of a
condition. In this regard, there is a need for providing a
mobile electronic device, a diagnosis method and diagnosis
program which can improve an accuracy of diagnosis of the
autonomic nerves.

SUMMARY

According to one of aspects, there is provided a mobile
electronic device including: waveform information acquisi-
tion part configured to add a time stamp to a waveform
detected from a user and record the waveform with the time
stamp as waveform information; condition information
acquisition part configured to add a time stamp to informa-
tion indicating a condition of the user and record the
information with the time stamp as condition information;
artifact waveform acquisition part configured to acquire,
from artifact waveform data in which a condition and an
artifact waveform are associated with each other and stored,
the artifact waveform that corresponds a condition indicated
by the condition information within the same time period as
a time period of the waveform information, waveform
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2

correction part configured to correct the waveform informa-
tion using the artifact waveform; and autonomic nerves
diagnosis part configured to diagnose autonomic nerves of
the user using the waveform information corrected by the
waveform correction part.

According to one of aspects, there is provided a diagnosis
system, comprising: a memory configured to store an artifact
waveform data in which an activity information indicating
an activity status of a person and an artifact waveform
ascribed to the activity status indicated by the activity
information are associated with each other; and a controller
communicatively or electronically coupled to the memory.
The controller is configured to: add a time stamp to a
waveform detected from a user in a predetermined time
period to obtain a stamped waveform information, add
another time stamp to activity information indicating an
activity status of the user in the predetermined time period
to obtain a stamped activity information, acquire, from the
artifact waveform data, the artifact waveform that corre-
sponds to the activity information indicating the activity
status indicated by the stamped activity information, correct
the stamped waveform information using the artifact wave-
form acquired from the artifact waveform data to obtain
corrected waveform information, and diagnose autonomic
nerves of the user using the corrected waveform informa-
tion.

According to one of aspects, there is provided a program
causing a mobile electronic device to execute: adding a time
stamp to a waveform detected from a user and recording the
waveform with the time stamp as waveform information;
adding a time stamp to information indicating a condition of
the user and recording the information with the time stamp
as condition information; acquiring, from artifact waveform
data in which a condition and the artifact waveform are
associated with each other and stored, an artifact waveform
that corresponds a condition indicated by the condition
information in the same time period as a time period of the
waveform information; correcting the waveform informa-
tion using the artifact waveform; and diagnosing autonomic
nerves of the user using the corrected waveform informa-
tion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a mobile electronic device.

FIG. 2 is a flowchart illustrating an exemplary procedure
of a diagnosis process of the autonomic nerves.

FIG. 3 is a diagram illustrating an exemplary waveform to
be processed by the mobile electronic device.

FIG. 4 is a diagram illustrating an exemplary configura-
tion of a diagnosis system.

FIG. 5 is a diagram illustrating alternative exemplary
configuration of a diagnosis system.

FIG. 6 is a diagram illustrating an exemplary configura-
tion of a diagnosis process performed using software.

DESCRIPTION OF EMBODIMENTS

The embodiment for carrying out the present invention is
described in detail with reference to the drawings attached
hereto.

Referring to FIG. 1, a configuration of a mobile electronic
device 10 according to the embodiment is described. FIG. 1
is a block diagram of the mobile electronic device 10. The
mobile electronic device 10, for example, is a mobile phone.
The mobile electronic device 10 has a function to diagnose
autonomic nerves of a subject. As shown in FIG. 1, the
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mobile electronic device 10 includes a display module 11, an
operation part 12, a communication module 13, a waveform
detection part 14, a condition detection part 15, a storage 16
and a controller 17.

The display module 11 is provided with a display device
such a Liquid Crystal Display (LCD), an Organic Electro-
Luminescence Display (OELD) or an Inorganic Electro-
Luminescence Display (IELD). The display module 11
displays a screen that includes characters, images, symbols,
diagrams and the like.

The operation part 12 receives an operation conducted by
auser. The operation part 12 is provided with an input device
such a button, a key, a touch screen or the like. The operation
part 12 may be integrally formed together with the display
module 11 like a touch screen display.

The communication module 13 performs a wireless com-
munication. The communication module 13 supports a seller
phone communication such a 2G, 3G, 4G and the like, for
example. The communication module 13 may support a
plurality of communication protocol. The communication
module 13 may support a short range communication pro-
tocol such an IEEE 802.11, Bluetooth™ or the like.

The waveform detection part 14 detects a waveform to
diagnose the autonomic nerves of the user who is carrying
the mobile electronic device 10. The waveform to diagnose
the autonomic nerves of the user includes for example a
waveform of the pulse wave, a waveform indicating a
variation of a heart rate, and the like.

The waveform detection part 14 can include various kinds
of sensors. In a case that a waveform of the pulse wave is
employed as a waveform to diagnose the autonomic nerves
of the user, the waveform detection part 14 can include a
camera (e.g., image sensor), for example. In a case that a
waveform indicating a variation of a heart rate is employed
as a waveform to diagnose the autonomic nerves of the user,
the waveform detection part 14 can include a small heat rate
sensor or a photoelectric pulse wave counter, for example.

The waveform detection part 14 may include a sensor
other than the above mentioned one. The waveform detec-
tion part 14 may include a plurality of sensors to detect a
waveform and may be configured to be capable of selecting
an optimal waveform depending on a condition. A sensor of
the waveform detection part 14 may be used for a purpose
other than diagnosis of the autonomic nerves of the user. In
other words, a sensor that the mobile electronic device 10 is
provided with for other purpose may be also used as the
waveform detection part 14. In the following description, it
is assumed that a waveform of a pulse wave is used as a
waveform to diagnose the autonomic nerves of the user.

The condition detection part 15 detects a condition of the
user who is carrying the mobile electronic device 10. The
condition detection part 15 can include various kinds of
SEensors.

The condition detection part 15 can include an accelera-
tion sensor. The acceleration sensor allows to detect a
direction and a magnitude of an acceleration applied to the
user. Furthermore, analyzing the direction and the magni-
tude of the acceleration allows for foreseeing a moving
condition of the user, a magnitude of oscillation the user are
encountering, and the like. Moving condition that is fore-
seeable includes a static condition, a walking condition, a
running condition, a riding condition, and the like.

The condition detection part 15 can include a barometer.
The barometer allows for a detection of a variation of an
atmospheric pressure around the user. The variation of the
atmospheric pressure can be used in order to foresee an
attitude of where the user currently is. It is possible to
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foresee a condition in which the user is going up or going
down a slope, for example. As a result, an accuracy of
foresee of moving condition of the user is improved.

The condition detection part 15 can include a Global
Positioning System (GPS) receiver. The GPS receiver
allows for a detection of the current position of the user. It
is possible to foresee how environment the user is with a
high accuracy by matching a current position to a map data.
It is possible to determine whether the user moves along a
road or a rail, and thus identify a kind of a ride. As a result,
an accuracy of foresee of moving condition of the user is
improved.

The condition detection part 15 can include an illumi-
nance sensor. The illuminance sensor allows for a detection
of brightness around the user. The condition detection part
15 can include a temperature sensor. The temperature sensor
allows for a detection of a temperature around the user. The
condition detection part 15 can include an electrostatic
capacitive touch sensor. The electrostatic capacitive touch
sensor allows for a detection of a magnitude of a capacitance
of the user’s body. It is possible to use the magnitude of a
capacitance in order to foresee a tension of the user.

The condition detection part 15 may include a sensor
other than the above mentioned one. The condition detection
part 15 may include a plurality of sensors. A sensor of the
condition detection part 15 may be used for a purpose other
than diagnosis of the autonomic nerves of the user. In other
words, a sensor that the mobile electronic device 10 is
provided with for other purpose may be also used as the
condition detection part 15.

A storage 16 stores a program and data. The storage 16 is
also utilized as a working area to temporally store the result
of a process of a controller 17. The storage 16 may include
any non-transitory memory medium such as a semiconduc-
tor memory medium, a magnetic memory medium. The
storage 16 may include a plurality of memory mediums. The
storage 16 may include a combination of a general purpose
non-transitory memory medium such as a memory card, an
optical disk, or an optical magnetic disk and a reading device
of the memory medium. The storage 16 may include a
memory device that is used as a temporal memory area such
a Random Access Memory (RAM).

The storage 16 stores data including the measured wave-
form data 16a, condition data 165, and artifact waveform
data 16c¢. In the measured waveform data 16a, a waveform
detected by the waveform detection part 14 is recorded as
waveform information. In the condition data 164, informa-
tion indicating a condition of the user detected by the
condition detection part 15 is recorded as condition infor-
mation. Time stamp for indicating a detected time is added
to the waveform information recorded in the measured
waveform data 164 and the condition information recorded
in the condition data 165 such that both information can be
processed in synchronization with each other.

In the artifact waveform data 16¢, an artifact of a wave-
form ascribed to the condition (hereinafter, referred to as
“artifact waveform”) is recorded in association with a con-
dition information indicating the condition of the user. The
artifact waveform is a difference between a waveform to be
normally detected and a waveform that has changed accord-
ing to the condition. In other word, the artifact waveform is
a noise component (artifact component) that prevents an
improvement of an accuracy of the diagnosis of the auto-
nomic nerves.

A combination of the condition information and the
artifact waveform are stored in the artifact waveform data
16¢ in advance. The combination of the condition informa-
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tion and the artifact waveform can be obtained, for example,
by comparing waveforms detected from the subject under
various conditions.

The artifact waveform data 16¢ may configured such that
the artifact waveform is associated with a plurality kinds of
condition information that have been detected in the same
time period and under the same condition.

The controller 17 generally controls a mobile electronic
device 10. The controller 17 performs various controls so
that the mobile electronic device 10 exerts functions appro-
priately. The controller 17 includes an arithmetic processing
unit. The arithmetic processing unit is a Central Processing
Unit (CPU), a System-on-a-chip (SoC), a Micro Control
Unit (MCU), or a Field-Programmable Gate Array (FPGA)
for example.

The controller 17 includes a waveform information acqui-
sition part 17a, a status information acquisition part 175, an
artifact waveform acquisition part 17¢, a waveform correc-
tion part 17d, an autonomic nerves diagnosis part 17e, and
anotice part 17f. The waveform information acquisition part
17a acquires a waveform that has been detected by the
waveform detection part 14 and adds a time stamp thereto
and records it as waveform information into the measured
waveform data 16a.

The status information acquisition part 175 acquires infor-
mation indicating a condition of the user from the condition
detection part 15 and adds a time stamp thereto and records
it as condition information into the condition data 165. The
status information acquisition part 176 may record informa-
tion acquired from the condition detection part 15 as con-
dition information into the condition data 165 without
changing the information and record information obtained
by analyzing information acquired from the condition detec-
tion part 15 as condition information into the condition data
16b. An example is described below, where the condition
detection part 15 includes a accelerate sensor. In a case that
acquired information is recorded without changing, a direc-
tion and a magnitude of the acceleration are recorded as
condition information. On the other hand, in a case that
information obtained by analyzing acquired information is
recorded, moving condition of the user foreseen based on a
direction and a magnitude of the acceleration is recorded as
condition information.

The artifact waveform acquisition part 17¢ acquires an
artifact waveform from the artifact waveform data 16¢, the
artifact waveform corresponding to a designated condition
information. The artifact waveform acquisition part 17¢
specifies condition information, which is the closest to a
designated condition information, from among condition
information stored in the artifact waveform data 16¢ so as to
acquire an artifact waveform that corresponds to the desig-
nated condition information. Furthermore, the artifact wave-
form acquisition part 17¢ acquires an artifact waveform that
has been associated with the specified condition information
from the artifact waveform data 16¢. Specifying the closest
condition information is accomplished by such a statistic
method as a moving-average method.

In a case that an artifact waveform is associated with a
plurality kinds of condition information, the artifact wave-
form acquisition part 17¢ may determine a priority for each
kinds of condition information so as to specify condition
information which is the closest to a designated condition
information, based on the priority. For example, a method
may be employed for evaluating an approximation of con-
dition information having higher priority in order so as to
narrow a combination of condition information and an
artifact waveform. Alternatively, a method may be employed
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for multiplying approximate value that has been evaluated
for condition information by a weight allocated to each of
priorities of condition information so as to calculate a total
approximation value of a combination of condition infor-
mation and an artifact waveform.

The waveform correction part 17d corrects a waveform
indicated by waveform information included in the mea-
sured waveform data 16a using an artifact waveform
acquired by the artifact waveform acquisition part 17c¢.
Correction using the artifact waveform allows for a removal
of a noise component due to a condition of the user from
waveform information included in the measured waveform
data 164. In this way, it is possible to improve an accuracy
of diagnosis of autonomic nerves on a basis of waveform
information.

The waveform correction part 17d corrects a waveform by
means of waveform separation. Specifically, the waveform
correction part 174 corrects waveform information by sub-
tracting an artifact waveform from a waveform indicated by
waveform information included in the measured waveform
data 16a.

prior to a correction using an artifact waveform, the
waveform correction part 174 adjusts a scale of each of
amplitude and a wavelength of an artifact waveform so as to
meet a scale of that of a waveform indicated by waveform
information included in the measured waveform data 16a. It
is not necessary that a kind of a sensor included in the
waveform detection part 14 is identical to that of a sensor
used to obtain an artifact waveform. It is not necessary that
the subject from whom an artifact waveform is to be
acquired is identical to the user of the mobile electronic
device 10.

The waveform correction part 174 adjusts a scale of the
amplitude of an artifact waveform using a predetermined
coeflicient. The coeflicient is determined based on a differ-
ence of a sensibility between sensors, a difference of an
output level between sensors, or the like.

The waveform correction part 174 calculates a singular
point of an artifact waveform and a singular point of a
waveform included in the measured waveform data 164 in
order to adjust a scale of a wavelength of the artifact
waveform. The singular point can be calculated using a
Fourier transformation, a fast Fourier transformation, a
wavelet transformation, and the like, for example. The
waveform correction part 174 adjusts a scale of a wave-
length of an artifact waveform such that the singular point of
the artifact waveform best matches that of a waveform
included in the measured waveform data 16a.

The autonomic nerves diagnosis part 17e diagnoses auto-
nomic nerves of the user on a basis of a waveform infor-
mation corrected by the waveform correction part 17d. As a
method of diagnosing autonomic nerves, various known arts
are available.

The notice part 17f notifies the user of a result of a
diagnosis performed by the autonomic nerves diagnosis part
17e. The notice part 17f notifies the user of the result of a
diagnosis by displaying it at the display module 11, for
example. Any method of notifying the user of a result of the
diagnosis can be employed. The notice part 17/ may have a
function to process the result of the diagnosis of autonomic
nerves for each of application usages. For example, the
notice part 17f can incorporate a plugin for an application
that is downloaded by the user from a commercial server
through the communication module 13. The plugin allows
the notice part 17/to change a form of a result of a diagnosis
to be displayed and the like.
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Referring to FIGS. 2 and 3, diagnosis process of auto-
nomic nerves using the mobile electronic device 10 is
described below. FIG. 2 is a flowchart illustrating an exem-
plary procedure of diagnosis process of autonomic nerves.
FIG. 3 is a diagram illustrating an exemplary waveform to
be processed by the mobile electronic device 10.

As shown in FIG. 2, the controller 17 in a step S101 starts
up the waveform detection part 14 and the condition detec-
tion part 15.

Subsequently, the waveform information acquisition part
17a in a step S102 acquires a waveform detected by the
waveform detection part 14. The waveform information
acquisition part 17a in a step S103 adds a time stamp to
acquired waveform and records it in the measured waveform
data 16a as waveform information.

In parallel to steps S102 and S103, the status information
acquisition part 17 performs steps S104 and S105. In the
step S104, the status information acquisition part 17b
acquires information indicating a condition of the user from
the condition detection part 15. In the step S105, the status
information acquisition part 176 adds a time stamp to
acquired information and records it in the condition data 165
as condition information.

In a step S106, the waveform correction part 174 obtains
waveform information recorded in the measured waveform
data 164 and condition information recorded in the condition
data 165 with time deviation being adjusted so that infor-
mation within the same time period can be obtained. A
magnitude of the time deviation is set based on a delay time
from when a phenomena of the subject to be measured
occurs to when a sensor outputs a signal according to the
phenomena.

In a step S106, for example, waveform information indi-
cating a waveform W1 as shown in FIG. 3 is obtained.
Condition information obtained in the step S106 indicates a
condition of the user at a period during which such a
waveform is detected. A waveform W1 includes a noise
component due to a condition indicated by conditional
information.

Subsequently, in a step 8107, the waveform correction
part 17d performs a determination process based on the
obtained condition information, as necessary. For example,
the waveform correction part 17d foresees a moving condi-
tion of the user on a basis of a pattern of variation of a
magnitude of an acceleration that is included in the obtained
condition information. This process can be omitted in a case
that condition information can be designated as it is when
acquiring an artifact waveform from the artifact waveform
data 16c.

Subsequently, in a step S108, the waveform correction
part 17d causes the artifact waveform acquisition part 17¢ to
acquire an artifact waveform corresponding to condition
information (or the user’s condition determined based on
condition information) from the artifact waveform data 16c¢.

For example, in a step S108, a waveform W2 as shown in
FIG. 3 is acquired as an artifact waveform. It is hard to use
the waveform W2 as it is in order to remove a noise
component from a waveform W1 because a scale of each of
amplitude and a wavelength of the waveform W2 are distinct
from a scale of that of the waveform W1.

In a step S109, the waveform correction part 17d adjusts
a scale of amplitude and a wavelength of the acquired
artifact waveform. For example, in a step S109, a waveform
W3 can be obtained by adjusting a scale of each of ampli-
tude and a wavelength of the waveform W2 shown in FIG.
3. A singular point of the waveform W1 is matched to a
singular point of the waveform W2 in order to adjust the
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amplitude of the waveform W2. Such an adjustment allows
for a use of the waveform W2 in order to remove a noise
component.

Subsequently, in a step S110, the waveform correction
part 17d removes a noise component from condition infor-
mation using the adjusted artifact waveform. The waveform
correction part 17d obtains a waveform W4, from which a
noise component due to a condition has been removed, by
dividing the waveform W3 shown in FIG. 3 by the wave-
form W1 shown in FIG. 3, for example.

Subsequently, in a step S111, the autonomic nerves diag-
nosis part 17e diagnoses autonomic nerves of the user on a
basis of waveform information from which a noise compo-
nent has been removed. In a step S112, the notice part 171
notifies the user of a result of a diagnosis.

Subsequently, in a step S113, the controller 17 determines
whether or not to finish a diagnosis process. When not
finishing the diagnosis process (“No” in a step S113), the
controller 17 resumes steps following the steps S104 and
steps following the step S104. When finishing the diagnosis
process (“Yes” in a step S113), in a step S114, the controller
17 stops the waveform detection part 14 and the condition
detection part 15.

The diagnosis process shown in FIG. 2 may be performed
in a real time manner or in a butch manner. When performed
in a real time manner, the steps S102 through S113 are
performed in one second periods. When performed in a
butch manner, the steps S102 and S103, and steps S104 and
S105 are continuously performed. The steps S106 through
S113 are performed at a predetermined timing.

As mentioned above, the mobile electronic device 10
removes a noise component due to a user’s condition at
detection from a waveform that has been detected from the
user to diagnose autonomic nerves of the user. In this way,
the mobile electronic device 10 can improve an accuracy of
diagnosis of the user’s autonomic nerves.

The embodiments disclosed in the present application can
be modified without departing from the scope and the spirit
of the invention. In addition, the embodiments and alterna-
tives can be combined appropriately. For example, the above
mentioned embodiments may be changed as follows.

For example, the mobile electronic device 10 may be
configured in an extensible manner. Specifically, the mobile
electronic device 10 is capable of adding any sensors and
may be configured such that the waveform information
acquisition part 17a or the status information acquisition
part 175 obtains information detected by the added sensors
as waveform information or condition information.

The mobile electronic device 10 may be configured such
that the user is able to vary filtering coeflicients, threshold
value and the like used in a diagnosis process.

The components of the embodiments above mentioned
may be dispersedly or integrally configured appropriately. A
system including a server and a mobile electronic device 10
may be established such that a part of the mobile electronic
device 10 is located in the server.

FIG. 4 is a diagram illustrating an exemplary construction
of a diagnosis system. The diagnosis system shown in FIG.
4 includes a mobile electronic device 20 and a server 90. The
server 90 stores artifact waveform data 16¢c. The mobile
electronic device 20 is similar to the mobile electronic
device 10 except for accessing to the artifact waveform data
16¢ stored in the server 90 via a communication through a
communication module 13. In such a configuration, an effect
similar to an effect of the mobile electronic device 10 can be
accomplished.
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Furthermore, as shown in FIG. 4, it is possible to utilize
a memory area for another usage because the mobile elec-
tronic device 20 does not need to store the artifact waveform
data 16¢. Furthermore, as shown in FIG. 4, it is possible to
easily make an addition or a change of an artifact waveform
for example because the artifact waveform data 16¢ is
centrally managed in the server 90.

FIG. 5 is a diagram illustrating another exemplary con-
struction of a diagnosis system. The diagnosis system shown
in FIG. § includes a mobile electronic device 30 and a server
90. The server 90 stores artifact waveform data 16¢, as well
as includes an artifact waveform acquisition part 17¢, a
waveform correction part 17d, and an autonomic nerves
diagnosis part 17e. The mobile electronic device 30 is
similar to the mobile electronic device 10 except that the
mobile electronic device 30 does not store the artifact
waveform data 16¢ and does not included an artifact wave-
form acquisition part 17¢, a waveform correction part 174,
and an autonomic nerves diagnosis part 17e.

As shown in FIG. 5, the mobile electronic device 30
transmits the measured waveform data 164 and the condition
data 165 to a server 90 via a communication through a
communication module 13. The server 90 performs a diag-
nosis process using the transmitted measured waveform data
16a and condition data 165, and then responds a result to the
mobile electronic device 30. The mobile electronic device
30 notifies a user of a responded reply. In such a configu-
ration, an effect similar to an effect of the mobile electronic
device 10 can be accomplished.

Furthermore, as shown in FIG. 5, it is possible to reduce
aload of the mobile electronic device 30 because a main part
of the diagnosis process is performed by the server 90.
Furthermore, it is possible to easily make a renovation or an
addition of function of a diagnosis process because a main
part of the diagnosis process is performed by parts within the
server 90.

A diagnosis process may be performed using software.
FIG. 6 is a diagram illustrating an exemplary configuration
of a diagnosis process performed using software. A mobile
electronic device 40 is similar to the mobile electronic
device 10 except that a storage 16 stores a diagnosis program
164.

In the mobile electronic device 40, a controller 17 causes
a calculation processing unit to execute a diagnosis program
16d, so that functions including a waveform information
acquisition part 17a, a status information acquisition part
174, an artifact waveform acquisition part 17¢, a waveform
correction part 174, an autonomic nerves diagnosis part 17e,
and a notice part 17fare realized. In such a configuration, an
effect similar to an effect of the mobile electronic device 10
can be accomplished. The diagnosis program 164 may be
downloaded from another device. The diagnosis program
164 may be stored in a general purpose non-transitory
memory medium.

when performing a diagnosis process using software, the
mobile electronic device 40 may be configured so as to
execute a program other than the diagnosis program 164
using the calculating processing unit. A program other than
the diagnosis program 16d includes, for example, Social
Networking Service (SNS) program, a mailing program, a
schedule management program, a browser program and the
like.

In such a case, the status information acquisition part 175
may acquire condition information indicating a condition of
a user by monitoring the program being executed. The status
information acquisition part 175 may derive information
indicating a condition of a user from a message that a user
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has transmitted using the SNS program or the mailing
program. For example, the status information acquisition
part 175 derives information about a meal that a user is
eating from the message and stores it as condition informa-
tion.

The status information acquisition part 1756 may derive
information indicating a condition of a user from a schedule
that the user has registered using a schedule management
program. For example, the status information acquisition
part 175 stores, as condition information, that a user is
visiting the offices of a client company on a basis of a
recorded schedule.

The status information acquisition part 175 may acquire
information indicating a condition of a user on a basis of a
WEB page that a user is browsing using a browser program.
For example, the status information acquisition part 176
determines a kind of the WEB page by verifying an address
of the WEB page being browsed with an access to a
database, and then stores the kind of the WEB page as
condition information.

In the above mentioned embodiments, although a mobile
phone has been described as an example of a mobile
electronic device, a device according to the claims attached
hereto is not limited to the mobile phone. A device according
to the claims attached hereto may be for example a smart
phone, a tablet, laptop PC, a digital camera, a media player,
an electronic book reader, a navigation system, or a gaming
device.

While certain embodiments have been described in order
to completely and definitely disclose any techniques accord-
ing to the claims attached hereto, these embodiments have
been presented by way of example only, and are not intended
to limit the scope of the inventions. Indeed, the embodi-
ments described herein may be embodied in a variety of
other forms, substitutions and changes in the form of the
embodiments described herein that may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

The invention claimed is:

1. A mobile electronic device, comprising:

a waveform information acquisition part configured to
add a first time stamp to a waveform detected from a

user, and
record the waveform with the first time stamp as
waveform information;

a condition information acquisition part configured to
add a second time stamp to information indicating a

condition of the user, and
record the information with the second time stamp as
condition information;

an artifact waveform acquisition part configured to
acquire, from artifact waveform data in which a con-
dition and an artifact waveform are associated with
each other and stored, the artifact waveform that cor-
responds to the condition of the user indicated by the
condition information within the same time period as a
time period of the waveform information;

a waveform correction part configured to correct the
waveform information using the artifact waveform
acquired by the artifact waveform acquisition part;

an autonomic nerves diagnosis part configured to diag-
nose autonomic nerves of the user using the waveform
information corrected by the waveform correction part;
and
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a notice part configured to notify the user of a result of

diagnosing the autonomic nerves.

2. The mobile electronic device according to claim 1,
wherein

the waveform correction part is configured to conform a

scale of a wavelength of the artifact waveform to a
scale of a wavelength of the waveform indicated by the
waveform information on a basis of a singular point of
the artifact waveform and a singular point of the
waveform indicated by the waveform information.

3. The mobile electronic device according to claim 1,
further comprising:

an acceleration sensor,

wherein the condition information acquisition part is

configured to record, as the condition information,

either a direction and a magnitude of acceleration
detected by the acceleration sensor,

or a moving condition of the user that is foreseen on a
basis of the direction and the magnitude of accelera-
tion detected by the acceleration sensor.

4. The mobile electronic device according to claim 1,
further comprising:

a calculating processing unit configured to execute a

program,

wherein the condition information acquisition part is

configured to acquire information indicating a condi-
tion of the user by monitoring the program that is
executed.

5. A non-transitory storage medium that stores a program
causing, when executed by a mobile electronic device, the
mobile electronic device to execute:

adding a first time stamp to a waveform detected from a

user, and recording the waveform with the first time
stamp as waveform information;
adding a second time stamp to information indicating a
condition of the user and recording the information
with the second time stamp as condition information;

acquiring, from artifact waveform data in which a con-
dition and the artifact waveform are associated with
each other and stored, an artifact waveform that cor-
responds to the condition of the user indicated by the
condition information in the same time period as a time
period of the waveform information;

correcting the waveform information using the artifact

waveform;

diagnosing autonomic nerves of the user using the cor-

rected waveform information; and

notifying the user of a result of diagnosing the autonomic

nerves.

6. The mobile electronic device according to claim 1,
wherein

the artifact waveform acquisition part is configured to,

when the artifact waveform is associated with a plu-

rality of kinds of the condition information,

determine a priority for each kind of the condition
information, and

choose a combination of the condition information and
the artifact waveform based on the priority.

7. The mobile electronic device according to claim 6,
wherein

the artifact waveform acquisition part is configured to

evaluate an approximation of the condition information
having higher priority in order, and

narrow the combination of the condition information
and the artifact waveform based on the approxima-
tion.
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8. The mobile electronic device according to claim 6,
wherein

the artifact waveform acquisition part is configured to

acquire a total approximate value of the combination of
the condition information and the artifact waveform
by multiplying an approximate value that has been
evaluated for the condition information by a weight
allocated to each of the priorities of the condition
information, and

choose the combination in order of the total approxi-
mation value.

9. The mobile electronic device according to claim 1,
wherein

the stored artifact waveform data has been measured by a

sensor that is different from a sensor that detects the
waveform of the user.

10. The mobile electronic device according to claim 2,
wherein

the artifact waveform and the singular point are calculated

using a Fourier transformation, a fast Fourier transfor-
mation or a wavelet transformation.

11. The mobile electronic device according to claim 1,
wherein

the waveform correction part is configured to adjust a

time deviation between the waveform information and
the condition information.

12. The mobile electronic device according to claim 1,
wherein

the waveform correction part is configured to remove a

noise component from the waveform information using
the artifact waveform.

13. The diagnosis system according to claim 1, wherein
the notice part is configured to notify the user of the result
of diagnosing the autonomic nerves, by causing the result of
diagnosing the autonomic nerves to be displayed on a
display.

14. A diagnosis system, comprising;

amemory configured to store an artifact waveform data in

which an activity information indicating an activity
status of a person and an artifact waveform ascribed to
the activity status indicated by the activity information
are associated with each other; and

a controller communicatively or electronically coupled to

the memory, wherein the controller is configured to:

add a time stamp to a waveform detected from a user
in a predetermined time period to obtain a stamped
waveform information,

add another time stamp to activity information indicat-
ing an activity status of the user in the predetermined
time period to obtain a stamped activity information,

acquire, from the artifact waveform data, the artifact
waveform that corresponds to the activity informa-
tion indicating the activity status indicated by the
stamped activity information,

correct the stamped waveform information using the
artifact waveform acquired from the artifact wave-
form data to obtain corrected waveform information,

diagnose autonomic nerves of the user using the cor-
rected waveform information, and

notify the user of a result of diagnosing the autonomic
nerves.

15. The diagnosis system according to claim 14, further
comprising:

another memory configured to store the stamped wave-

form information and the stamped activity information,
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wherein the controller is communicatively or electroni-
cally coupled to the another memory, and further con-
figured to:
write the stamped waveform information to the another
memory, and
write the stamped activity information to the another
memory.

16. The diagnosis system according to claim 14, further
comprising:

a communication circuit electrically coupled to the con-

troller,

wherein the controller is further configured to cause the

communication circuit to communicate wirelessly with
an external device.

17. The diagnosis system according to claim 16, wherein
the controller is further configured to cause the communi-
cation circuit to send the result of diagnosing the autonomic
nerves to the external device.

18. The diagnosis system according to claim 14, wherein
the waveform includes at least one of a waveform of pulse
wave and a waveform indicating a variation of a heart rate.

19. The diagnosis system according to claim 14, wherein
the waveform is measured by at least one of a camera, a
heart rate sensor and a photoelectric pulse wave counter.

20. The diagnosis system according to claim 14, wherein
the activity status of the user is foreseen based on a result
detected by at least one of an acceleration sensor, a barom-
eter, a Global Positioning System receiver, an illuminance
sensor, a temperature sensor and an electrostatic capacitive
touch sensor.

10

15

20

25

30

14



patsnap

EREHER) BHBFEE  CHRUNEFNFENEEEN RN RS

DFH(RE)S US9913609 NIF(AEH)A 2018-03-13

HiES US14/761611 HiEA 2014-01-17

FRIERB(ERD)AGE) REMRAH

i (T R A () HEKR LM

UE R E(ERR)AGE) REKIAH

[ﬁ\]ﬁ{i‘ B A HIRANO ASAO

KEAA HIRANO, ASAO

IPCo S A61B5/026 A61B5/024 A61B5/00 A61B5/11

CPCH k5 A61B5/4035 A61B5/6898 A61B5/721 A61B5/7203 A61B5/7278 A61B5/02405 A61B2562/0219 A61B5

/026 A61B5/02416 A61B5/02438 A61B5/1112 A61B5/1123 A61B5/7282 A61B2560/0247 A61B2560
/0252 A61B2560/0257 A61B2560/0443

k54X 2013010299 2013-01-23 JP

H fth 23 FF 3TER US20150359476A1

IEheE Espacenet USPTO

BEGE) g10

— BB TEE O RHEERIMES | HEEN TN EERM 3

IMAPRUNER , HFEaNaBN IR ERELREES ST

HEHS , HREDTHARENIIETASHRANES  HAFA

BREBNELIERNREEEHERRRGS , HRENMEFE

1 A0 00 B2 T IR AR S5 Bk 3F B AR 00 0 B R B FRIR BV R T | % el @;%I

PhESRTE X R T 1E 5% B (8] B AR 5D 9 B [9) 3 v A SR AEME BT IE R AD 5% e SRR GRS

o BB RIRELSS , BT ERHEEURERELNE T8 o R

KUY , HEENFEAREEREIS RENKERESRZEAF YR e

HEETHE, i —"
oz [ roree sanr |



https://share-analytics.zhihuiya.com/view/26073259-e306-47e0-be49-43f2707dee3d
https://worldwide.espacenet.com/patent/search/family/051227444/publication/US9913609B2?q=US9913609B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9913609.PN.&OS=PN/9913609&RS=PN/9913609

