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ing, based on a detection result from the vibration detection
unit, at least whether the electrocardiographic waveform
measured by the measurement processing 1s an electrocar-
diographic waveform obtained by chest lead measurement.
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ELECTROCARDIOGRAPHIC WAVEFORM
MEASUREMENT DEVICE, INFORMATION
MANAGEMENT SYSTEM,
ELECTROCARDIOGRAPHIC WAVEFORM
MEASUREMENT DEVICE CONTROL
METHOD, AND NON-TRANSITORY

RECORDING MEDIUM INCLUDING
PROGRAM RECORDED THEREIN

TECHNICAL FIELD

The present invention belongs to a technical field related
to healthcare, and particularly relates to an electrocardio-
graphic waveform measurement device, an information
management system, a control method for the electrocar-
diographic waveform measurement device, and a program.

BACKGROUND ART

In recent years, health management has been becoming
more and more common in which mformation related to
individual bodies and health (heremaiter also referred to as
“biological information™) such as a blood pressure value and
an electrocardiographic waveform 1s measured using a mea-
surement device, with measurement results recorded and
analyzed by an information processing terminal.

As an example of a measurement device as described
above, a portable electrocardiographic measurement device
has been proposed that measures, in everyday life, an
clectrocardiographic wavetorm immediately when an abnor-
mality such as chest pain or palpitation occurs, and the
portable electrocardiographic measurement device 1s
expected to contribute to early detection and appropriate
treatment of a heart disease (e.g., Patent Document 1).

In the measurement of the electrocardiographic wave-
form, the resulting electrocardiographic wavetform data var-
1ies with different lead types corresponding to positions with
which a measurement electrode 1s brought into contact, and
when the electrocardiographic wavetform 1s analyzed and
utilized, the accuracy of analysis can be improved by also
using information indicating which lead type 1s used to
measure the electrocardiographic wavetorm. In other words,
the measurement of the electrocardiographic waveform
needs not only the electrocardiographic wavetorm data but
also acquisition of information indicating which lead type 1s
used for the measurement. Note that the lead types can be
roughly divided into a set of chest leads and a set of limb
leads and that simply determining which of the set of chest
leads and the set of limb leads 1s used to measure the
clectrocardiographic wavelorm deserves usetul information.

CITATION LIST

Patent Literature

Patent Document 1: JP 2005-468 A

SUMMARY OF INVENTION

Technical Problem

Patent Document 1 describes a portable electrocardio-
graphic measurement device including a body that includes
a sensor unit, a control processing unit, an mput unit, a
display unit, and a timer unit, the identical body performing
the measurement of the electrocardiographic waveform, as
well as display of information indicating that measurement
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2

1s 1n execution, display of an analysis result, storage of
results, and the like. A technology has been proposed in
which when the electrocardiographic waveform 1s mea-
sured, the onientation (arrangement) of display of informa-
tion displayed on the display unit can be changed according
to the position 1n which the electrode 1s 1n contact (according
to the lead type). In other words, Patent Document 1
discloses that the information of the lead type 1s used to
switch the orientation of the display on the display unait.

However, in the technology disclosed 1n Patent Document
1, the user needs to manually set the lead types for mea-
surement, and this 1s cumbersome and prevents exclusion of
the possibility that the set lead types are different from the
lead types used during the actual measurement. Note that the
document indicates that the device may include a function of
automatically detecting a measurement method, but dis-
closes no specific solution for this purpose.

In view of the related technology described above, an
object of the present invention 1s to provide a technology
enabling an electrocardiographic waveform measurement
device to accurately determine at least whether the data of
the electrocardiographic waveform acquired 1s an electro-

cardiographic waveform acquired by chest lead measure-
ment.

Solution to Problem

In order to solve the problem described above, an elec-
trocardiographic wavelform measurement device according
to an aspect of the present invention includes a plurality of
clectrodes configured to measure an electrocardiographic
wavelorm ol a measurement target, a vibration detection
unit configured to approach a chest region of the measure-
ment target to detect vibration based on a beat of a heart of
the measurement target, and a control unit configured to
execute measurement processing for the electrocardio-
graphic waveform. The control unit further executes lead
type determination processing for determining, based on a
detection result from the vibration detection unit, at least
whether the electrocardiographic wavelorm measured by the
measurement processing 1s an electrocardiographic wave-
form obtained by chest lead measurement.

Here, the “vibration based on a beat of a heart” includes
vibration of air, that 1s, heart sounds. In such a configuration,
when the electrocardiographic wavelorm 1s measured, infor-
mation as to whether the lead type 1s the chest lead can be
accurately acquired depending on whether the vibration 1s
detected (and the degree of the vibration). In a case where
the lead type 1s a chest lead, the vibration based on the beat
of the heart can be detected. In a case where limb leads are
used for the measurement, the vibration fails to be detected
(or the detected vibration 1s faint).

Additionally, the lead type determination processing may
include determining whether the lead type 1s a lead V4 or a
lead 1. In addition, 1n the lead type determination processing,
the control unit may determine that the lead type 1s the lead
V4 1n a case where the vibration detected by the vibration
detection unit exceeds a predetermined threshold, and may
determine that the lead type 1s the lead I in a case where the
vibration 1s equal to or less than the predetermined thresh-
old. For example, a threshold can be set based on the
position of the crest of the wave of the vibration detected.

Additionally, the vibration detection unit may also include
a microphone and a microphone accommodation space, and
may be disposed near one of the plurality of electrodes. This
may allow the heart sounds to be detected.
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Additionally, the electrocardiographic wavelorm mea-
surement device may further include an output unit config-
ured to output at least a determination result of the lead type
determination processing. In such a configuration, the user
can appropriately reference the lead type used to measure
the electrocardiographic wavelform.

In addition, the electrocardiographic waveform measure-
ment device may further include a storage unit and a lead
type setting unit configured to register at least one lead type
desired by the user in the storage unit as a user-set lead type.
The control umit may be configured so that in a case where
a determination result of the lead type determination pro-
cessing 1s different from the user-set lead type, the control
unit uses the output unit to output information indicating that
determination result 1s different from the user-set lead type.

In such a configuration, for example, in a case where the
user 1s 1nstructed by a physician or the like to measure the
clectrocardiographic waveform using predetermined lead
types, then by setting the lead types, the user can be
prevented from making measurement erroneously using
different lead types.

Additionally, the electrocardiographic waveform mea-
surement device may include a storage unit 1n which at least
the electrocardiographic wavetorm measured 1s saved, and
the control unit may be configured to further execute analy-
s1s processing for analyzing the electrocardiographic wave-
form by referencing a determination result of the lead type
determination processing and using an analysis parameter
corresponding to the lead type for the electrocardiographic
wavelorm measured.

The electrocardiographic wavetform measurement device
including the function of analyzing the electrocardiographic
wavelorm 1s an already known technique. However, in such
a device, the accuracy of the analysis can be increased by
performing analysis using information as to which lead type
1s used for measurement leading to acquisition of the elec-
trocardiographic wavetform and using an analysis parameter
corresponding to the lead type.

Additionally, the electrocardiographic waveform mea-
surement device may be a portable electrocardiographic
wavelorm measurement device.

Additionally, the electrocardiographic wavelorm mea-
surement device may further include a communication unit
configured to communicate with an information processing
terminal, and the control unit may be configured to transmit
at least data of the electrocardiographic waveform mea-
sured, to the information processing terminal via the com-
munication unit. By communicatively connecting to the
information processing terminal and utilizing data, conve-
nience of the electrocardiographic waveform measurement
device can be improved in browsing, analysis, utilization, or
the like of the data.

Additionally, an information management system accord-
ing to an aspect of the present invention includes the
clectrocardiographic wavetorm measurement device includ-
ing a communication unit, and an information processing
terminal including a communication umt configured to com-
municate with the electrocardiographic wavelorm measure-
ment device.

In addition, a control method according to an aspect of the
present mvention 1s a control method for an electrocardio-
graphic wavelorm measurement device including a vibra-
tion detection unit configured to approach a chest region of
a measurement target to detect vibration based on a beat of
a heart of the measurement target. The method 1ncludes:
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4

an electrocardiographic waveform measurement step of
measuring an electrocardiographic wavetform of the mea-
surement target,

a vibration detection step of detecting at least presence or
absence of the vibration, and

a lead type determination step of determining, based on
information of the presence or absence of the vibration
detected 1n the vibration detection step, at least whether the
clectrocardiographic wavetorm measured 1n the electrocar-
diographic wavetform measurement step 1s an electrocardio-
graphic waveform obtained by chest lead measurement.

Additionally, the method further includes an analysis step
of analyzing the electrocardiographic waveform measured
in the electrocardiographic wavetform measurement step by
referencing a determination result of the lead type determi-
nation step, and using an analysis parameter corresponding
to a lead type for the electrocardiographic waveform mea-
sured.

Additionally, the electrocardiographic waveform mea-
surement step and the vibration detection step may be
executed 1n parallel. In such a method, eflicient electrocar-
diographic measurement can be performed without requir-
ing extra time for vibration detection.

Additionally, the vibration detection step and the lead type
determination step may be executed before the electrocar-
diographic wavelorm measurement step, and in the electro-
cardiographic waveform measurement step, measurement
processing may be executed based on the determination
result of the lead type determination step. According to such
a method, measurement can be performed using the mea-
surement parameter corresponding to the lead type, allowing,
the accuracy of the measurement to be improved.

In addition, the present invention can be considered as a

program for causing an electrocardiographic waveform
measurement device to execute the above-described method,
and a computer-readable recording medium including such
a program recorded therein 1n a non-transitory manner.

Also, the configurations and processing operations
described above can be combined with one another to
constitute the present invention unless the combination leads
to contradiction.

Advantageous Effects of Invention

The present mvention enables the electrocardiographic
wavelorm measurement device to accurately determine at

least whether the data of the electrocardiographic wavetorm

acquired 1s an electrocardiographic wavetorm acquired by
chest lead measurement.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(A) 1s a front view 1llustrating a configuration of a
portable electrocardiographic wavelorm measurement
device according to an embodiment. FIG. 1(B) 1s a rear view
illustrating a configuration of a portable electrocardio-
graphic waveform measurement device according to the
embodiment. FIG. 1(C) 1s a left side view illustrating a
configuration of the portable electrocardiographic wavetform
measurement device according to the embodiment. FIG.
1(D) 1s a right side view 1illustrating a configuration of the
portable electrocardiographic waveform measurement
device according to the embodiment. FIG. 1(E) 1s a plan
view 1llustrating a configuration of the portable electrocar-
diographic waveform measurement device according to the
embodiment. FIG. 1(F) 1s a bottom view illustrating a
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configuration of the portable electrocardiographic waveiorm
measurement device according to the embodiment.

FIG. 2 1s a partial cross-sectional view illustrating a
structure of a vibration detection processing unit of the
portable electrocardiographic waveform measurement
device according to the embodiment.

FIG. 3 1s a block diagram illustrating a functional con-
figuration of the portable electrocardiographic wavelorm
measurement device according to the embodiment.

FIG. 4 1s a flowchart 1llustrating a flow of electrocardio-
graph measurement processing in the portable electrocar-
diographic wavelorm measurement device according to the
embodiment.

FIG. 5 1s a block diagram illustrating an overview of an
information management system according to an embodi-
ment.

FIG. 6 1s a first flowchart illustrating parts of processing,
flows of a portable electrocardiograph and a smart phone
communicatively connected in the information management
system according to the embodiment.

FIG. 7 1s a second flowchart illustrating parts of the
processing flows of the portable electrocardiograph and the
smart phone communicatively connected in the information
management system according to the embodiment.

FIG. 8 1s a flowchart illustrating a processing subroutine
executed when BLE communication 1s performed by the
portable electrocardiographic waveform measurement
device according to the embodiment.

FIG. 9 1s a flowchart 1llustrating a processing subroutine
executed when BLE communication 1s performed by the
information processing terminal according to the embodi-
ment.

FIG. 10(A) 1s a diagram illustrating an example of a
screen provided when electrocardiographic waveiorm
analysis-in-progress display 1s performed on a smart phone
according to an embodiment. FIG. 10(B) 1s a diagram
illustrating an example of a screen provided when electro-
cardiographic wavelorm analysis result display 1s performed
on the smart phone according to the embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Embodiments of the present invention will be specifically
described below with reference to the drawings. It should be
noted that the dimension, material, shape, relative arrange-
ment and the like of the components described 1n the present
embodiment are not mtended to limit the scope of this
invention to them alone, unless otherwise stated.
Electrocardiographic Wavelorm Measurement Device

FIGS. 1(A) through 1(F) are diagrams 1llustrating a con-
figuration of a portable electrocardiograph 10 according to
the present embodiment. FIG. 1(A) 1s a front view 1llustrat-
ing the front of the body. Similarly, FIG. 1(B) 1s a rear view,
FIG. 1(C) 1s a left side view, FIG. 1(D) 1s a night side view,
FIG. 1(E) 1s a plan view, and FIG. 1(F) 1s a bottom view.

A bottom surface of the portable electrocardiograph 10 1s
provided with a left electrode 12a brought into contact with
the left side of the body during electrocardiographic mea-
surement, and an opening of a vibration detection processing
unit 111 1s provided near the leit electrode 12a, the vibration
detection processing unit 111 detecting vibration based on
the beat of the heart of a measurement target (hereinaftter,
simply referred to as the vibration). FIG. 2 1s a partial
cross-sectional view 1llustrating the structure of the vibration
detection processing unit 111. The vibration detection pro-
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6

cessing unit 111 includes a microphone opening 111a that
opens 1n a meshed shape toward the bottom surface side of
the portable electrocardiograph 10, and a microphone 111c¢
disposed at a position facing the microphone opening 111a,
and a microphone space 1115 1n which the microphone 111c¢
1s accommodated. In a case where measurement 1s per-
formed using the chest leads, the left electrode 12a 1s
brought into contact with the chest. In this case, heart sounds
(1.e., vibration) based on the heart beat are detected by the
microphone 111¢ disposed near the left electrode 12a.

Additionally, a top surface side of the portable electro-
cardiograph 10 1s provided with a first right electrode 125
with which the center of the rnight-hand index finger 1s
brought into contact during electrocardiographic measure-
ment and a second right electrode 12¢ with which the base
of the right-hand 1index finger 1s brought 1nto contact during
clectrocardiographic measurement. Note that the first right
clectrode 126 functions as a GND electrode.

During electrocardiographic measurement, the portable
clectrocardiograph 10 1s held by the right hand, and the
right-hand index finger 1s placed on the top surface portion
of the portable electrocardiograph 10 in proper contact with
the first right electrode 126 and the second right electrode
12¢. Furthermore, the lett electrode 12a 1s then brought 1nto
contact with the skin at a location corresponding to a desired
lead type. For example, when measurement 1s performed by
the so-called lead 1, the left electrode 1s brought into contact
with the palm of the left hand, and when measurement 1s
performed by the so-called V4 lead, the left electrode 1s
brought into contact with the skin slightly to the leit of the
epigastric region of the left chest and below the papilla.

In addition, various operation umts and indicators are
disposed on a left side surface of the portable electrocar-
diograph 10. Specifically, the left side surface includes a
measurement switch 16, a measurement mode LED 164, a
Bluetooth (trade name) low energy (BLE) communication
button 17, a BLE communication LED 17a, an available
memory display LED 18, a battery change LED 19, and the
like.

Additionally, a measurement state notification LED 13, an
analysis result notification LED 14, and the like are provided
at the front surface of the portable electrocardiograph 10,
and a battery housing opening and a battery cover 15 are
arranged at the rear surface of the portable electrocardio-
graph 10.

FIG. 3 1llustrates a block diagram 1llustrating a functional
configuration of the portable electrocardiograph 10. As
illustrated 1 FIG. 3, the portable electrocardiograph 10
includes function units including a control processing unit
101, an electrode unit 12, an amplifier umit 102, an analog to
digital (AD) conversion unit 103, a timer unit 104, a storage
processing unit 1035, a display unit 106, an operation unit
107, a power source unit 108, a communication processing,
unmt 109, an analysis unit 110, a vibration detection process-
ing unit 111, and a lead type determination unit 112.

The control processing unit 101 manages the control of
the portable electrocardiograph 10, and includes a central
processing unit (CPU) and the like, for example. In response
to receiving operation of the user via the operation unit 107,
the control processing unit 101 controls each component of
the portable electrocardiograph 10 to execute various pro-
cessing operations such as electrocardiographic measure-
ment and information communication in accordance with a
predetermined program. Note that the predetermined pro-
gram 1s stored in the storage processing unit 105 described
below.
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Additionally, the control processing unit 101 includes, as
a Tunctional module, the analysis unit 110 analyzing elec-
trocardiographic wavetforms and the lead type determination
unit 112. The analysis unmit 110 analyzes the measured
clectrocardiographic waveform for the presence of distur-
bance or the like, and outputs a result indicating whether the
clectrocardiographic wavelorm obtained at least during
measurement 1s normal. Based on the information of the
vibration acquired by the vibration detection processing unit
111, the lead type determination unit 112 determines
whether the measured electrocardiographic waveform 1s
obtained using the lead V4 or the lead I, and outputs this
information.

The electrode unit 12 includes the left electrode 12a, the
first right electrode 125, and the second right electrode 12c,
and functions as a sensor for detecting an electrocardio-
graphic waveform. The amplifier unit 102 functions to
amplify signals output from the electrode unit 12. The AD
conversion unit 103 functions to convert an analog signal
amplified by the amplifier unit 102 into a digital signal and
to transmit the converted signal to the control processing
unit 101.

The timer unit 104 functions to measure time with refer-
ence to a real time clock (RTC, not 1llustrated). As described
below, for example, the period of time until the end of
measurement 1s counted and output during the electrocar-
diographic measurement.

The storage processing unit 105 includes a main memory
(not 1illustrated) such as a random access memory (RAM)
and stores various types of information such as application
programs, measured electrocardiographic waveforms, and
analysis results. In addition to the RAM, for example, a
long-term storage medium such as a flash memory may be
provided.

The display umit 106 includes light emaitting elements such
as the measurement mode LED 164, the BLE communica-
tion LED 17a, the available memory LED 18, and the
battery change LED 19 described above, and informs the
user of the state of the device and the occurrence of an event
by lighting, blinking, or the like of the LEDs. Additionally,
the operation unit 107 includes the measurement switch 16,
the communication button 17, and the like, and functions to
receive an input operation from the user and to cause the
control processing unit 101 to execute processing 1n accor-
dance with the operation.

The power supply unit 108 includes a battery (not illus-
trated) that supplies power required for operation of the
device. The battery may be, for example, a secondary battery
such as a lithium 1on battery, or a primary battery.

The communication processing unit 109 includes an
antenna for wireless communication (not illustrated), and
functions to communicate with another device such as an
information processing terminal described below at least by
BLE communication. Additionally, a terminal may be pro-
vided for wired communication.

The vibration detection processing unit 111 detects vibra-
tion 1n a case where the configuration described above 1s
used to perform measurement using the chest leads.
Electrocardiographic Measurement Processing Using Por-
table Flectrocardiograph

Now, based on FIG. 4, a description will be given for
operation of the portable electrocardiograph 10 that 1s per-
tformed when the electrocardiographic measurement 1s per-
tformed. FIG. 4 1s a flowchart illustrating a procedure of
processing executed when electrocardiographic measure-
ment 1s performed using the portable electrocardiograph 10
according to the present embodiment.
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Belore measurement of an electrocardiographic wave-
form, when the user presses the measurement switch 16
down, the device 1s powered on to execute a measurement
mode, and the measurement mode LED 1s lighted to indicate
that the measurement mode 1s 1n execution. With the mea-
surement mode 1n execution, the user holds the portable
clectrocardiograph 10 in the right hand, with the right-hand
index finger 1n contact with the first right electrode 126 and
the second right electrode 12¢, and with the left electrode
12a in contact with the skin at a location to be measured.
Then, the control processing unit 101 detects a contact state
via the electrode unit 12 (S1101), and executes a process of
determining whether a predetermined time has elapsed with
the electrode correctly 1n contact (S1102). Here, in response
to determining that the predetermined time has not elapsed,
the control processing unit 101 repeats the same processing
until the predetermined time has elapsed, and 1n response to
determining that the predetermined time has elapsed, the
control processing unit 101 proceeds to step S1103. The
control processing unit 101 executes processing for detect-
ing vibration via the vibration detection processing unit 111
(51103), and determines, via the lead type determination
unmit 112, whether the detected vibration exceeds a predeter-
mined threshold (51104). Here, 1n response to determining
that the vibration exceeds the predetermined threshold, the
control processing unit 101 assumes that the lead type 1s the
lead V4, and executes lead V4 electrocardiographic mea-
surement (S1111).

After step S1111, the control processing unit 101 executes
processing for determining whether the predetermined elec-
trocardiographic measurement time (for example, 30 sec-
onds) has elapsed (step S1112). Here, 1n response to deter-
mining that the predetermined time has not elapsed, the
control processing unit 101 returns to step S1111 and repeats
the subsequent processing. On the other hand, in response to
determining that the predetermined measurement time has
clapsed, the control processing unit 101 ends the measure-
ment, and executes, via the analysis unit 110, analysis
processing for the electrocardiographic wavetorm (S1113).
In accordance with the assumption that the lead type 1s the
lead V4, the analysis processing 1s executed using an analy-
s1s parameter suitable for analysis of the electrocardio-
graphic wavelorm data obtained by the lead V4 measure-
ment.

When the analysis ends, the control processing unit 101
saves the electrocardiographic wavetform data and an analy-
s1s result 1n the storage processing unit 105, along with
information indicating that the data has been acquired by the
lead V4 measurement (S1114). Then, the control processing
umt 101 displays the analysis result by lighting (blinking)
the analysis result notification LED 14 (S1115), and ends the
series of measurement processing. When the analysis result
1s displayed as well, the display preferably enables the user
to recognize, based on the color of the LED and/or the
blinking pattern and/or the like, that the lead type used for
the measurement 1s the lead V4.

On the other hand, 1n step S1104, in response to deter-
mining that the wvibration 1s less than or equal to the
threshold, the control processing unit 101 assumes that the
lead type 1s the lead I, and executes lead I electrocardio-
graphic measurement (S1121). In the lead I electrocardio-
graphic measurement, as i1s the case with the lead V4, the
control processing unit 101 executes processing for deter-
mining whether the predetermined electrocardiographic
measurement time has elapsed (step S1122). Then, in
response to determining that the predetermined time has not
clapsed, the control processing unit 101 returns to step
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S1121 and repeats the subsequent processing. In response to
determining that the predetermined measurement time has

clapsed, the control processing unit 101 ends the measure-
ment, and executes, via the analysis unit 110, the analysis
processing for the electrocardiographic waveform (51123).
In accordance with the assumption that the lead type 1s the
lead I, the analysis processing 1s executed using the analysis
parameter suitable for the analysis of the electrocardio-
graphic wavetform data obtained by the lead I measurement.

When the analysis ends, the control processing unit 101
saves the electrocardiographic waveiorm data and the analy-
s1s result 1n the storage processing umt 105, along with
information indicating that the data has been acquired by the
lead I measurement (S1124). Then, the control processing
unit 101 displays the analysis result by lighting (blinking)
the analysis result notification LED 14 (51125), and ends the
series of measurement processing. When the analysis result
1s displayed as well, the display preferably enables the user
to recognize, based on the color of the LED and/or the
blinking pattern and/or the like, that the lead type used for
the measurement 1s the lead I.

In the electrocardiographic waveform measurement
device according to the present embodiment as described
above, the information as to which of the lead V4 and the
lead I 1s used to measure the electrocardiographic wavelorm
1s acquired before the electrocardiographic waveform mea-
surement, and the information 1s used for measurement and
analysis. Thus, parameters corresponding to each lead type
are used for the measurement and analysis, enabling accu-
rate results to be obtained. Additionally, the electrocardio-
graphic wavelorm data 1s saved along with the information
as to which lead type has been used to acquire the data, thus
allowing an expert such as a physician to make ethicient
determination when the data i1s referenced later.

Second Embodiment

As 1n the first embodiment, the portable electrocardio-
graph 10 can singularly perform electrocardiographic wave-
form measurement, analysis of the measurement data, and
display of the analysis result. However, by communicatively
connecting the portable electrocardiograph 10 to the infor-
mation processing terminal, the convenience of the portable
clectrocardiograph 10 can be further improved. Based on
FIGS. § to 9, description will be given below for an
embodiment of an information management system 1
including the portable electrocardiograph 10 and a smart
phone 20 corresponding to an example of the information
processing terminal.

FIG. 5 1s a schematic diagram illustrating a configuration
example of the information management system 1 according
to the present embodiment. As illustrated 1n FIG. 5, the
information management system 1 includes the portable
clectrocardiograph 10 and the smart phone 20, which are
communicatively connected with each other. Note that the
portable electrocardiograph 10 1s configured similarly to that
described 1n the first embodiment, and will thus not be
described.

Information Processing Terminal

As 1llustrated in FIG. 5, the smart phone 20, correspond-
ing to an example of the mformation terminal, includes a
control processing unit 21, a communication processing unit
22, a touch panel display 23, and a storage processing unit
24. The control processing unit 21 manages the control of
the smart phone 20, and includes, for example, a CPU and
the like. The control processing unit executes various pro-
grams stored in the storage processing unit 24 to fulfill
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functions corresponding to the programs. The communica-
tion processing unit 22 includes an antenna for wireless
communication, and 1s a function of communicating with
another device such as the portable electrocardiograph 10,
and a wireless base station. Also, the communication pro-
cessing unit 22 may include a terminal for wired commu-
nication.

The touch panel display 23 plays both a role of a display
unmit which 1s an aspect of an output umit, and a role of an
input unit, and as described below, 1n a case where com-
municative connection to the portable electrocardiograph 10
1s established, the touch panel display 23 can display status
information such as the remaining time until the end of
measurement, graph data of the electrocardiographic wave-
form, and the like. In addition, operations from the user are
received via various mput 1mages.

The storage processing unit 24 includes, for example, a
long-term storage medium such as a flash memory 1n
addition to a main memory such as a RAM, and stores
various mformation such as application programs, measure-
ment electrocardiographic wavetorms, and analysis results.

Description will be given below based on FIGS. 6 to 9 for
processing that 1s executed in a case where electrocardio-
graphic measurement 1s performed by allowing the portable
clectrocardiograph 10 and the smart phone 20 to cooperate
with each other through BLE communication. FIGS. 6 and
7 are diagrams 1llustrating a tflow of processing of each of the
portable electrocardiograph 10 and the smart phone 20
connected to each other through BLE communication and
also 1llustrating timings {for transmitting information
between the devices. Note that for the flow of the processing
of the portable electrocardiograph 10, the above-described
processing operations are denoted by the same reference
numerals, and the detailed description of the processing
operations 1s omitted.

First, the user presses down the BLE communication
button 17 of the portable electrocardiograph 10, and the
control processing unit 101 executes the processing of the
subroutine for BLE communication (S1201). FIG. 8 shows
a flowchart of the subroutine. Specifically, as illustrated 1n
FIG. 8, the control processing unit 101 first transmits an
advertising signal for BLE communication from the com-
munication processing unit 109 (S1901). Then, the control
processing unit 101 determines whether a connection
request for BLE commumnication has been recerved from the
information processing terminal (81902). Here, 1n response
to determining that no connection request for BLE commu-
nication has been received, the control processing unit 101
repeats similar processing until the BLE communication
processing 1s canceled due to the elapse of a predetermined
time or operation of the operation unit 107. On the other
hand, 1n response to determining that a connection request
for BLE communication has been received, the control
processing unit 101 proceeds to step S1903, and makes BLE
connection to a device transmitting the connection request.
When the BLE communication connection 1s established,
the control processing unit 101 ends the subroutine.

Additionally, the user enables the smart phone 20 to make
BLE communication with the portable electrocardiograph
10. Specifically, the user operates the touch panel display 23
to set the BLE connection settings to the ON state 1n a setting
menu or the like. Alternatively, the BLE connection settings
may be set to the ON state by mitiating a dedicated appli-
cation program for cooperation with the portable electrocar-
diograph 10.

When the BLE connection settings are set to the ON state,
the control processing unit 21 of the smart phone 20
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executes the subroutine for BLE connection via the com-
munication processing unit 22 (S2101). FIG. 9 illustrates the
processing of the subroutine. Specifically, when the subrou-
tine 1s imitiated, the control processing unmit 21 waits to
receive the advertising signal from the portable electrocar-
diograph 10 (S2901). Then, the control processing unit 21
determines whether the advertisement signal has been
received (52902), and repeats the processing until the con-
trol processing unit 21 determines that the signal has been
received. In response to determining in step S2092 that the
advertising signal 1s received, the control processing unit 21
transmits a BLE connection request signal to the portable
clectrocardiograph 10 via the communication processing
unit 22 (82903). Then, the control processing unit 21 makes
BLE connection to the portable electrocardiograph 10
(S2904. Corresponding to S1903 described above), and ends
the subroutine. Then, 1n step S2102 1 FIG. 6, the control
processing unit 21 transmits a communication start request
to the portable electrocardiograph 10.

On the other hand, the control processing unit 101 of the
portable electrocardiograph 10 detects an electrode contact
state (S1101), and then transmits information related to the
clectrode contact state to the smart phone 20 (581202), and
the smart phone 20 receives the mformation (52103).

The smart phone 20, having received the mformation of
the electrode contact state, displays the electrode contact
state on the touch panel display 23 (S2104). The smart phone
20 may display, for example, the message “The electrodes
are 1 proper contact”, “The electrodes are not 1n proper
contact”, or the like.

After step S1202, the control processing unit 101 of the
portable electrocardiograph 10 then executes processing for
determining whether a predetermined time has elapsed with
the electrodes 1n proper contact (S1102). Here, 1n response
to determining that the predetermined time has not elapsed,
then the control processing umt 101 returns to step S1101,
and repeats the subsequent processing. In response to deter-
mimng that the predetermined time has elapsed, the control
processing unit 101 proceeds to step S1203. In step S1203,
the electrocardiographic waveform measurement processing,
and the vibration detection processing are executed 1n par-
allel, and the electrocardiographic waveform data and the
vibration data are sequentially saved 1n the storage process-
ing unit 103. In other words, 1n the present embodiment, the
detection of vibration and the determination of the lead type
are not performed before the measurement of the electro-
cardiographic wavetorm.

The control processing unit 101 executes processing for
transmitting to the smart phone 20 the data of the electro-
cardiographic wavetorm and the electrocardiographic mea-
surement time (the remaining time until the end of the
measurement) that are measured 1n step S1203 (51204).

The data transmitted from the portable electrocardiograph
10 1n step S1204 1s received 1n the smart phone 20 (S2105),
and the electrocardiographic measurement time and the
clectrocardiographic wavetorm graph are displayed on the
touch panel display 23 (S2106). Specifically, the graph of the
clectrocardiographic waveform may be displayed along
with, for example, the countdown message “XX seconds
until the end of the electrocardiographic measurement”.

Then, 1n step S1205, the control processing umt 101 of the
portable electrocardiograph 10 determines whether a prede-
termined measurement time has elapsed, and 1n a case where
the predetermined time has not elapsed, returns to step
S1203 and repeats the subsequent processing. On the other
hand, 1n a case where the control processing unit 101
determines 1n step S1205 that the predetermined measure-
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ment time has elapsed, the lead type determination unit 112
executes the determination processing for the lead type
(5S1206). The determination processing 1s performed based
on the vibration data saved in the storage processing unit
105. The determination method 1itself 1s similar to that
described 1n the first embodiment, and thus description of
the method 1s omutted.

Then, the analysis unit 110 analyzes the detected electro-
cardiographic wavelorm by additionally using the informa-
tion ol the lead type determined 1n step S1206 (S1207).
Then, while the analysis 1s in execution, the control pro-
cessing unit 101 transmits, to the smart phone 20, informa-
tion indicating that the analysis 1s 1 execution (S1208).
When the analysis 1s ended, the control processing unit 101
saves the result of the analysis and the electrocardiographic
wavelorm data and the lead type data in the storage pro-
cessing unit 105 (51209). Additionally, the control process-
ing unit 101 displays the analysis result via the analysis
result notification LED 14 (81210), and transmuits the analy-
s1s result information to the smart phone 20 (51211). Note
that for the display of the analysis result, for example, the
LED may be lighted only in a case where the electrocar-
diographic waveform 1s found abnormal or may be lighted
in accordance with a lighting and blinking method corre-
sponding to the analysis result. Alternatively, the informa-
tion of the lead type may be reflected in the display.

After step S2106, 1n response to receiving, via the com-
munication processing unit 22, information indicating that
the electrocardiographic waveform 1s being analyzed
(S2107), the control processing unit 21 of the smart phone
20 displays the mformation on the touch panel display 23
(52108). FIG. 10(A) 1llustrates an example of a screen
displaying information indicating that the analysis 1s 1n
execution. Then, 1n response to receiving, via the commu-
nication processing unit 22, the analysis result information
transmitted 1rom the portable electrocardiograph 10
(52109), the control processing umt 21 causes the touch
panel display 23 to display the result (82110). FIG. 10(B)
illustrates an example of a screen displaying the analysis
result.

After step S1211, 1n a case where any data (electrocar-
diographic waveform, analysis result, lead type, or the like)
has yet to be transmitted to the smart phone 20, the control
processing unit 101 of the portable electrocardiograph 10
transmits the data to the smart phone 20 (S1212). Then, the
control processing unit 101 determines whether all data has
been transmitted (S1213). Here, 1n response to determining
that not all of the data has been transmitted, then the control
processing unit 101 returns to step S1212 and repeats the
subsequent processing. On the other hand, 1n step S1213, 1n
response to determining that all of the data transmission has
been completed, the control processing unit 101 waits for a
communication end request from the smart phone 20, and
disconnects the BLE communication (S1214), to end the
series ol processing operations.

After step S2110, 1n a case where data having yet to be
transmitted 1s transmitted from the portable electrocardio-
graph 10, the control processing unit 21 of the smart phone
20 receives the data (S2111), transmits, to the portable
clectrocardiograph 10, a signal requesting the termination of
the commumication (5S2112), and deletes the BLE connection
(52113) to end the series of processing operations.

As 1s described above, the portable electrocardiograph 10
and the information management system 1 of the present
embodiment can be used in cooperation with an information
processing terminal such as the smart phone 20 to display
various data such as electrocardiographic wavetform data on
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the display for brewsmg Additionally, the data received can
be saved, and can be eflectively utilized by using an appli-
cation program or the like.

Additionally, instead of the detection of vibration and the
determination of the lead type being performed before the
measurement of the electrocardiographic wavetform, the
detection of wvibration 1s performed in parallel with the
measurement of the electrocardiographic waveform, thus
allowing efli

icient measurement processing to be executed.
Other Points

The description of each example described above 1s
merely 1llustrative of the present invention, and the present
invention 1s not limited to the specific embodiments
described above. Within the scope of the technical 1dea of
the present invention, various modifications and combina-
tions may be made.

For example, 1n the example described above, the elec-
trocardiographic waveform measurement device 1s of the
portable type, but the device for electrocardiographic wave-
form measurement need not be of the portable type. Also, the
vibration detection unit for detecting vibration based on the
beat of the heart 1s 1llustrated as the microphone, but 1s not
necessarily limited to the microphone, and any other vibra-
tion sensor may be used.

The information processing terminal 1s not limited to a
smart phone, and may be another portable information
processing terminal such as a tablet terminal, or may be a
stationary terminal. Additionally, the communication pro-
cessing unit 1s not limited to a communication processing
unit mntended for BLE communication, and may be an
antenna enabling other wireless communication such as
Wi-Fi1 (trade name) or infrared communication. Alterna-
tively, the communication processing unit may communi-
cate using a wired connection.

REFERENCE NUMERALS LIST

1 Biological information management system
10 Portable electrocardiograph

12a Lett electrode

1256 First right electrode

12¢ Second right electrode

13 Measurement state notification L.

14 Analysis result notification LED

15 Battery cover

16 Measurement switch

16a Measurement mode LED

17 Communication button

17a BLE Communication LED

18 Available memory display LED

19 Battery change LED

111a Microphone opening portion

1115 Microphone space

111¢ Microphone

20 Smart phone

The 1nvention claimed 1s:

1. An electrocardiogra wavelorm measurement device

comprising:

a plurality of electrodes configured to measure an elec-
trocardiogramaveform of a measurement target;

a vibration detection unit configured to approach a chest
region of the measurement target to detect vibration
based on a beat of a heart of the measurement target;
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a storage unit 1n which at least the electrocardiogramave-
form measured 1s saved:; and,

a control unit configured to execute measurement pro-
cessing for the electrocardiogra wavetorm, wherein the
control unit further executes lead type determination
processing for determining, based on a detection result
from the vibration detection unit, at least whether the
clectrocardiogramavelorm measured by the measure-
ment processing 1s an electrocardiogramavetorm
obtained by chest lead measurement, wherein the con-
trol unit further executes analysis processing for ana-
lyzing the electrocardiogramaveform by referencing a
determination result of the lead type determination
processing and using an analysis parameter corre-
sponding to the lead type for the electrocardiogramave-
form measured,

an output unit configured to output at least a determina-
tion result of the lead type determination processing,
and

an operation unit, wherein:
the control unit registers at least one lead type desired

by the user 1n the storage unit as a user-set lead type
by receiving operation mput via the operation unit,
and uses the output unit to output information 1ndi-
cating that the determimation result 1s diflerent from
the user-set lead type 1in a case where a determination
result of the lead type determination processing 1s
different from the user-set lead type.

2. The electrocardiogramaveform measurement device

according to claim 1, wherein the lead type determination

processing includes determiming whether the lead type 1s a
lead V4 or a lead 1.

3. The electrocardiogramaveform measurement device
according to claim 2, wherein in the lead type determination
processing, the control unit determines that the lead type 1s
the lead V4 1n a case where the vibration detected by the
vibration detection unit exceeds a predetermined threshold,
and determines that the lead type 1s the lead I 1n a case where
the vibration 1s equal to or less than the predetermined
threshold.

4. The electrocardiogramaveform measurement device
according to claim 1, wherein the vibration detection unit
includes a microphone and a microphone accommodation
space, and 1s disposed near one of the plurality of electrodes.

5. The electrocardiogramaveiorm measurement device
according to claim 1, wherein the electrocardiogramavetorm
measurement device 1s a portable electrocardiogra wave-
form measurement device.

6. The electrocardiogramaveform measurement device
according to claim 1, further comprising a communication
unit configured to communicate with an information pro-
cessing terminal, wherein the control unit transmaits at least
data of the electrocardiogra waveform measured, to the
information processing terminal via the communication unit.

7. An mformation management system comprising:

the electrocardiogramaveform measurement device

according to claim 6; and,

an 1nformation processing terminal mcluding a commu-

nication unit configured to communicate with the por-
table electrocardiogramaveform measurement device.
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