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57 ABSTRACT

A pulse discrimination device is configured to receive an
electrical signal from a living body in which a functional
pulse propagates at a predetermined time interval, and is
configured to discriminate between the functional pulse and
a noise pulse which are included in the electrical signal. The
pulse discrimination device includes: a pulse detector con-
figured to sequentially detect an electrical pulse included in
the electrical signal based on variation in an intensity of the
electrical signal received from the living body; and a pulse
discrimination unit configured to determine whether the
electrical pulse detected by the pulse detector is the func-
tional pulse or the noise pulse based on a detection interval
of the electrical pulse detected by the pulse detector and a
pulse time predetermined based on the predetermined time
interval.
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PULSE DISCRIMINATION DEVICE AND
ELECTROCARDIOGRAM ANALYZER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2018-179346 filed on Sep. 25, 2018, the contents of which
are incorporated herein by reference.

TECHNICAL FIELD

[0002] The presently disclosed subject matter relates to a
pulse discrimination device and an electrocardiogram ana-
lyzer, and particularly to an electrocardiogram analyzer and
a pulse discrimination device that receives an electrical
signal from a living body in which functional pulses propa-
gates at a predetermined time interval, and discriminates
between a noise pulse which and a functional pulse which
are included in the electrical signal.

BACKGROUND

[0003] In related art, there has been proposed a pulse
discrimination device that discriminates between a noise
pulse and a pacing pulse output from a pacing device such
as a pacemaker in order to cause a heart to beat. The pulse
discrimination device receives an electrical signal from a
living body to which a pacing device is attached and
discriminates between a pacing pulse and a noise pulse
which are included in the electrical signal. For example, a
pulse discrimination device is built in an electrocardiogram
analyzer such as a patient monitor and an electrocardio-
graph, generates an electrocardiogram based on an electrical
signal received from a living body, and discriminates a
pacing pulse and a noise pulse which are included in the
electrical signal. Thus, for example, the output timings of the
pacing pulse and the noise pulse can be displayed on the
electrocardiogram, and the electrocardiogram can be ana-
lyzed in detail.

[0004] Here, in general, discrimination between the pac-
ing pulse and the noise pulse is performed by subjecting the
electrical signal received from the living body to differential
processing.

[0005] For example, JP-A-2009-240623 proposes a pace-
maker pulse detection device that improves the detection
accuracy of a pacing pulse without increasing the number of
electrode portions to be used. The pacemaker pulse detection
device subjects input signals from electrocardiogram elec-
trodes to differential amplification, and thus is capable of
discriminating between a pacing pulse and a noise pulse
which are included in the input signal and of removing the
noise pulse.

[0006] However, the electrical signal received from the
living body may include a noise pulse similar to the pacing
pulse, for example, a noise pulse that is input as a differential
signal the same as or similarly to the pacing pulse. By
merely performing differential processing on the electrical
signal as in the pacemaker pulse detection device of JP-A-
2009-240623, the pacing pulse and the noise pulse which are
included in the electrical signal may not be discriminated
with high accuracy.

[0007] The presently disclosed subject matter has been
made in order to solve such a problem of the related art, and
an object thereof is to provide an electrocardiogram analyzer
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and a pulse discrimination device that discriminates between
a functional pulse and a noise pulse which are included in an
electrical signal from a living body with high accuracy.

SUMMARY

[0008] A pulse discrimination device according to a first
aspect of the presently disclosed subject matter is a pulse
discrimination device configured to receive an electrical
signal from a living body in which a functional pulse
propagates at a predetermined time interval, and configured
to discriminate between the functional pulse and a noise
pulse which are included in the electrical signal. The pulse
discrimination device includes: a pulse detector configured
to sequentially detect an electrical pulse included in the
electrical signal based on variation in an intensity of the
electrical signal received from the living body; and a pulse
discrimination unit configured to determine whether the
electrical pulse detected by the pulse detector is the func-
tional pulse or the noise pulse based on a detection interval
of the electrical pulse detected by the pulse detector and a
pulse time predetermined based on the predetermined time
interval.

[0009] An electrocardiogram analyzer according to a sec-
ond aspect of the presently disclosed subject matter
includes: the above-described pulse discrimination device;
an electrocardiogram generator configured to generate an
electrocardiogram based on an electrical signal received
from a living body; and a display configured to display the
electrocardiogram generated by the electrocardiogram gen-
erator.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram illustrating a configura-
tion of an electrocardiogram analyzer including a pulse
discrimination device according to Embodiment 1 of the
presently disclosed subject matter;

[0011] FIG. 2 is a flowchart illustrating an operation of
Embodiment 1;
[0012] FIG. 3 is a diagram illustrating a state in which an

electrocardiogram is displayed on a display; and
[0013] FIG. 4 is a block diagram illustrating a main part of
an electrocardiogram analyzer according to Embodiment 2.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, embodiments of the presently dis-
closed subject matter will be described by reference to
drawings.

Embodiment 1

[0015] FIG. 1 illustrates a configuration of an electrocar-
diogram analyzer 2 that can include a pulse discrimination
device according to Embodiment 1 of the presently dis-
closed subject matter. The electrocardiogram analyzer 2 is
connected to a pair of electrodes 1a and 15. The electrocar-
diogram analyzer 2 may be, for example, an electrocardio-
graph for electrocardiogram measurement, or may be a
patient monitor capable of acquiring other vital sign param-
eters (respiration, body temperature, pulse rate, blood pres-
sure, and the like). The patient monitor may be a so-called
bedside monitor or a portable device such as a medical
telemeter. The electrocardiogram analyzer 2 may be config-
ured such that a display 5 can be attached and detached, or
configured to transfer various data used for display.
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[0016] The electrodes 1a and 15 are respectively disposed
at two positions on the living body to which a pacing device
is attached, and an electrical signal from the living body is
input thereto. Here, the pacing device is disposed on the
living body and causes a heart to beat by sequentially
outputting pacing pulses (a type of functional pulse) toward
the heart. Therefore, the electrical signals input into the
electrodes 1a and 15 include not only a signal indicating
movement of the heart, but also a pacing pulse. The elec-
trodes 1a and 15 are arranged with respect to the pacing
device such that the pacing pulses are input as differential
signals P, that is, the pacing pulses input to the electrode 1a
and the pacing pulses input to the electrodes 15 are input in
opposite phases.

[0017] Examples of the pacing device include a pace-
maker and the like.

[0018] The electrocardiogram analyzer 2 can include a
pulse discrimination device 2a, an A/D converter 3, an
electrocardiogram generator 4, and a display 5.

[0019] The pulse discrimination device 2a can include a
receiver 6 connected to the electrodes 1a and 15; a differ-
ential processor 7, an amplifier 8, a pulse detector 9, and a
pulse discrimination unit 10 are sequentially connected to
the receiver 6; and the pulse discrimination unit 10 is
connected to the display 5. A timer controller 11 and a timer
12 are sequentially connected to the pulse discrimination
unit 10, and a main body controller 13 is connected to the
pulse discrimination unit 10 and the timer controller 11.
[0020] The receiver 6 receives the electrical signals input
to the electrodes 1a and 15, and the electrodes 1a and 15 are
detachably connected thereto.

[0021] The differential processor 7 calculates a difference
of the electrical signals received by the receiver 6 from the
electrodes 1a and 15, and may be configured with, for
example, a differential amplifier circuit.

[0022] The amplifier 8 amplifies the intensity of the elec-
trical signal differentiated by the differential processor 7.
The amplifier 8 may be configured with, for example, an
amplifier circuit.

[0023] The pulse detector 9 sequentially detects electrical
pulses included in an electrical signal amplified by the
amplifier 8 based on variation in an intensity of the electrical
signal. Specifically, in a case where the variation in the
intensity of the electrical signal exceeds a preset threshold,
the pulse detector 9 detects the signal as an electrical pulse.
[0024] The timer 12 measure a detection interval of the
electrical pulses detected by the pulse detector 9.

[0025] The timer controller 11 controls the timer 12 based
on the detection interval of the electrical pulses at the pulse
detector 9. Specifically, the timer controller 11 starts mea-
surement of the timer 12 when the pulse detector 9 detects
an electrical pulse, and clears the measurement of the timer
back to zero in a case where a measurement time reaches a
predetermined pulse time, without requiring the pulse detec-
tor 9 to detect the next electrical pulse. Further, the timer
controller 11 clears the measurement time of the timer 12
back to zero every time the pulse detector 9 detects the next
electrical pulse until the measurement time of the timer 12
reaches the pulse time.

[0026] The pulse discrimination unit 10 distinguishes the
electrical pulse detected by the pulse detector 9 into a pacing
pulse or a noise pulse based on the detection interval of the
electrical pulse detected by the pulse detector 9 and the
predetermined pulse time. Specifically, the pulse discrimi-
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nation unit 10 determines that the electrical pulse detected
by the pulse detector 9 is the noise pulse in a case where the
detection interval of the electrical pulse is shorter than the
predetermined pulse time. On the other hand, the pulse
discrimination unit 10 determines that the electrical pulse
detected by the pulse detector 9 is the pacing pulse in a case
where the detection interval of the electrical pulse is equal
to or larger than the predetermined pulse time.

[0027] Here, the pulse time is preset based on an output
interval of the pacing pulse output from the pacing device,
and is preferably determined as a value larger than the pulse
width between a rise and a fall of the pacing pulse. For
example, the pulse time may be set to a value that is larger
than the pulse width of the pacing pulse and smaller than a
time interval at which the pacing pulse is output from the
pacing device. For example, the pulse time may be set to 8
ms.

[0028] The noise pulse is a pulse different from the pacing
pulse, and corresponds to, for example, an in-phase noise
and a continuous pulse.

[0029] The main body controller 13 controls each unit in
the pulse discrimination device 2a.

[0030] The pulse discrimination unit 10 and the main body
controller 13 are configured with a CPU and an operation
program for causing the CPU to perform various processing,
but may also be configured with digital circuits.

[0031] The A/D converter 3 is connected to the amplifier
8, and performs analog/digital conversion on an analog
electrical signal amplified by the amplifier 8 to generate a
digital electrical signal.

[0032] The electrocardiogram generator 4 is connected to
the A/D converter 3 and generates an electrocardiogram
based on the digital electrical signal generated by the A/D
converter 3.

[0033] Thedisplay 5 is connected to the electrocardiogram
generator 4 and the pulse discrimination unit 10, displays the
electrocardiogram generated by the electrocardiogram gen-
erator 4, and displays a pulse mark indicating detection of
the pacing pulse at the position in the electrocardiogram,
which is determined to be the pacing pulse by the pulse
discrimination unit 10.

[0034] Next, operation of Embodiment 1 will be described
with reference to the flowchart of FIG. 2.

[0035] First, the electrodes 1a and 15 illustrated in FIG. 1
are arranged at two positions on the surface of the living
body, and in step S1, pulse detection by the pulse detector 9
is enabled. The pacing device (not illustrated) is attached to
the living body, and the pacing pulses for causing the heart
to beat are sequentially output from the pacing device
toward the heart at a predetermined time interval. Therefore,
an electrical signal including the pacing pulses propagates in
the living body, and the electrical signal is input to the
electrodes 1a and 15. Here, the electrodes 1a and 15 are
arranged at positions such that the pacing pulses are input as
the differential signals P. When an electrical signal is respec-
tively input to the electrodes 1a and 15, the electrical signal
is output from the electrodes 1a and 15 to the receiver 6 of
the pulse discrimination device 2a.

[0036] When the electrical signal output from the elec-
trodes 1a and 15 is received by the receiver 6, the receiver
6 outputs the electrical signal received from the electrodes
la and 15 to the differential processor 7. The differential
processor 7 performs differential processing of the electrical
signal input from the receiver 6, that is, calculates the
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difference of the electrical signal received at the two differ-
ent positions. Therefore, the pacing pulses and the like input
as the differential signals P are increased by each other and
become a large value due to the differential processing. On
the other hand, electrical pulses input as in-phase signals, for
example, noise pulses caused by vibration of an external
device and the like, cancel each other and become a small
value, for example, zero. The electrical signal obtained via
the differential processing is output from the differential
processor 7 to the amplifier 8 to be amplified, and then is
output to the pulse detector 9.

[0037] As described above, the electrical signals input as
the differential signals P can be extracted by subjecting the
electrical signals input from the electrodes la and 15 to
differential processing.

[0038] The electrical signal amplified by the amplifier 8 is
also output from the amplifier 8 to the A/D converter 3.
[0039] The pulse detector 9 detects an electrical pulse
included in the electrical signal input from the amplifier 8
based on the variation in the intensity of the electrical signal,
and, in a case where an electrical pulse is detected, outputs
a detection signal of the electrical pulse to the pulse dis-
crimination unit 10. In step S2, the pulse discrimination unit
10 determines whether or not an electrical pulse has been
detected based on the detection signal from the pulse detec-
tor 9. Specifically, in a case where the detection signal is
input, the pulse discrimination unit 10 determines that an
electrical pulse is detected, and starts the timer 12 via the
timer controller 11 in step S3. On the other hand, in a case
where no detection signal is input, the pulse discrimination
unit 10 determines that no electrical pulse is detected, and
repeats step S2 until a detection signal is input from the
pulse detector 9.

[0040] After the timer 12 is started in step S3, the pulse
detector 9 continuously detects a next electrical pulse, and
the pulse discrimination unit 10 determines whether or not
the next electrical pulse is detected in step S4. In a case
where the pulse discrimination unit 10 determines that the
next electrical pulse is not detected, the pulse discrimination
unit 10 proceeds to Step S5 and determines whether or not
the measurement time of the timer 12 is equal to or larger
than the predetermined pulse time. At this time, the pulse
time may be set to, for example, a value that is larger than
the pulse width of the pacing pulse and smaller than a time
interval at which the pacing pulse is output from the pacing
device.

[0041] In a case where the pulse discrimination unit 10
determines that the measurement time of the timer 12 is
equal to or larger than the pulse time, the pulse discrimina-
tion unit 10 determines the electrical pulses as the pacing
pulses in S6, and proceeds to step S7 to output a detection
signal of the pacing pulses to the display 5. Subsequently, in
step S8, the pulse discrimination unit 10 stops and clears
measurement of the timer 12 via the timer controller 11, and
returns to step S2 to repeatedly execute detection of the
electrical pulse.

[0042] On the other hand, in a case where the pulse
discrimination unit 10 determines that the measurement time
of the timer 12 is smaller than the pulse time in step S5, the
process returns to step S4, and the pulse detector 9 deter-
mines again whether or not the next electrical pulse is
detected.

[0043] In a case where the pulse discrimination unit 10
determines that the next electrical pulse is detected before

Mar. 26, 2020

the measurement time of the timer 12 reaches the pulse time
in step S4, the electrical pulse is detected at an interval
shorter than the pulse time, and the pulse discrimination unit
10 determines that the continuously detected electrical pulse
is the noise pulse in step S9.

[0044] Here, for example, the pacing device may continu-
ously output another electrical pulse at a short interval
between outputting the pacing pulses. Since such electrical
pulse is input as the differential signals P from the electrodes
la and 15, it is difficult to determine whether or not the
electrical pulse is the pacing pulse only by differential
processing.

[0045] Therefore, by whether not the electrical pulse is the
noise pulse based on the output interval of the pacing pulse
output from the pacing device, the pulse discrimination unit
10 can determine that the noise pulse input is the differential
signals P from the electrodes 1a and 15 with high accuracy.
[0046] In this way, when the pulse discrimination unit 10
determines that the continuously detected electrical pulse is
the noise pulse, the pulse discrimination unit 10 stops and
clear the measurement of the timer 12 via the timer con-
troller 11 in step S10, and proceeds to step S11 to restart the
timer 12.

[0047] Subsequently. in step S12, the pulse discrimination
unit 10 further determines whether or not the next electrical
pulse has been detected based on the detection signal from
the pulse detector 9. In a case where the pulse discrimination
unit 10 determines that the next electrical pulse is not
detected, the pulse discrimination unit 10 proceeds to Step
S13 and determines whether or not the measurement time of
the timer 12 is equal to or larger than the predetermined
pulse time.

[0048] In a case where the pulse discrimination unit 10
determines that the measurement time of the timer 12 is
equal to or larger than the pulse time, no noise pulse is
detected, and the pulse discrimination unit 10 returns to step
S2 to repeatedly execute detection of the electrical pulse. On
the other hand, in a case where the pulse discrimination unit
10 determines that the measurement time of the timer 12 is
smaller than the pulse time in step S13, the process returns
to step S12, and the pulse detector 9 determines again
whether or not the next electrical pulse is detected.

[0049] In this way, in a case where the pulse discrimina-
tion unit 10 determines that the next electrical pulse is
detected before the measurement time of the timer 12
reaches the pulse time in step S12, the electrical pulse is the
noise pulse, the process returns to step S10, the timer
controller 11 stops and clears the timer 12, and restarts the
timer in step S11. The pulse discrimination unit 10 may
execute steps S10 and S11 after returning to step S9.
[0050] In this way, the timer controller 11 clears and
repeatedly starts the measurement time of the timer 12 every
time the pulse detector 9 detects the next electrical pulse
until the measurement time of the timer 12 reaches the pulse
time. Therefore, the pulse discrimination unit 10 can col-
lectively determines that the electrical pulses continuously
detected during that period are the noise pulse without
missing, and can remove the electrical pulses from discrimi-
nation of the pacing pulse.

[0051] Here, the electrical signal output from the amplifier
8 to the A/D converter 3 is converted into a digital electrical
signal by the A/D converter 3 and then output to the
electrocardiogram generator 4. Then, the electrocardiogram
generator 4 generates an electrocardiogram based on the
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electrical signal input from the A/D converter 3, and outputs
the electrocardiogram signal to the display 5.

[0052] Thereby, as illustrated in FIG. 3, an electrocardio-
gram E indicating beat of the heart of the living body is
displayed on the display 5. In step S7, the detection signal
of the pacing pulse output from the pulse discrimination unit
10 is input to the display 5. Therefore, the display 5 displays
a pacing mark M indicating output of the pacing pulse from
the pacing device in a manner superimposing the electro-
cardiogram E at a position corresponding to detection of the
pacing pulse.

[0053] At this time, the pulse discrimination unit 10 dis-
criminates the noise pulse input as the differential signals P
from the electrodes 1a and 15 with high accuracy, and thus
is capable of reliably preventing the noise pulse from being
erroneously displayed as the pacing pulse on the display unit
5. Further, since the pulse discrimination unit 10 collectively
determines that the electrical pulses continuously detected at
a short interval are the noise pulse, and thus is capable of
preventing the noise pulse N from being erroneously dis-
played as illustrated in FIG. 3, for example, in a case where
another electrical pulse is continuously output between
outputting the pacing pulses from the pacing device.
[0054] Discrimination information of the noise pulse dis-
criminated by the pulse discrimination unit 10 is not limited
to the use for preventing erroneous display on the display
unit 5. For example, the pulse discrimination unit 10 may
output the detection signal that the noise pulse is detected to
the electrocardiogram generator 4. Thereby, the electrocar-
diogram generator 4 can generate the electrocardiogram E
without influence of the noise pulse based on the detection
signal.

[0055] According to the present embodiment, the pulse
discrimination unit 10 determines that the electrical pulse is
one of the pacing pulse and the noise pulse based on the
output interval from the pacing device of the pacing pulse
and the predetermined pulse time, and thus can discrimi-
nates the noise pulse input as the differential signals P from
the electrodes 1a and 16 with high accuracy.

Embodiment 2

[0056] In Embodiment 1, the pulse detector 9 preferably
detects the electrical pulse included in the electrical signal
input from the electrodes 1a and 15 based on variation in the
intensity at the rise and the fall of the electrical signal.
[0057] For example, as illustrated in FIG. 4, a pulse
detector 21 may be disposed instead of the pulse detector 9
of Embodiment 1, and a high pass filter 22 may be newly
arranged between the amplifier 8 and the pulse detector 21.
[0058] The high-pass filter 22 attenuates a component
lower than a predetermined frequency among the electrical
signal amplified by the amplifier 8, and extracts a component
having a high frequency, that is, a rise component and a fall
component.

[0059] The pulse detector 21 detects a rise and a fall of the
electrical signals input from the electrodes 1a and 15, and
can include a rise detector 23 and a fall detector 24.
[0060] The rise detector 23 is connected between the
high-pass filter 22 and the pulse discrimination unit 10,
receives the electrical signal obtained by extracting the rise
component and the fall component in the high-pass filter 22,
and detects the rise based on the variation in the intensity of
the electrical signal.
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[0061] The fall detector 24 is connected between the
high-pass filter 22 and the pulse discrimination unit 10,
receives the electrical signal obtained by extracting the rise
component and the fall component in the high-pass filter 22,
and detects the fall based on the variation in the intensity of
the electrical signal.

[0062] With such configuration, the same as or similarly to
Embodiment 1, when the electrical signal from the living
body is input to the high-pass filter 22 via the electrodes 1a
and 15, the receiver 6, the differential processor 7, and the
amplifier 8, the high-pass filter 22 extracts the rise compo-
nent and the fall component of the electrical signal, and
outputs to the rise detector 23 and the fall detector 24 of the
pulse detector 21, respectively.

[0063] When the electrical signal is input to the rise
detector 23, the rise detector 23 detects the rise of the
electrical pulse based on the variation in the intensity of the
electrical signal, and outputs the detection signal to the pulse
discrimination unit 10. The same or Similarly, when the
electrical signal is input to the fall detector 24, the fall
detector 24 detects the fall of the electrical pulse based on
the variation in the intensity of the electrical signal, and
outputs the detection signal to the pulse discrimination umit
10.

[0064] In this way, the pulse detector 21 detects the
variation in the intensity at the rise and the fall of the
electrical signal, and thus is capable of detecting the elec-
trical pulse included in the electrical signal.

[0065] When the detection signals respectively output
from the rise detector 23 and the fall detector 24 are input to
the pulse discrimination unit 10, the pulse discrimination
unit 10 discriminates the noise pulse included in the elec-
trical signal the same as similarly to Embodiment 1.

[0066] At this time, the pulse discrimination unit 10 dis-
criminates the noise pulse from the electrical pulse detected
by the rise detector 23 and the fall detector 24, and thus is
capable of discriminates the noise pulse included in the
electrical signal with higher accuracy.

[0067] According to the present embodiment, the pulse
detector 21 detects the variation in the intensity at the rise
and the fall of the electrical signal, and thus is capable of
detecting the electrical pulse included in the electrical signal.

[0068] In the above-described Embodiments 1 and 2, the
electrodes 1a and 16 are detachably connected to the
receiver 6, but are not limited thereto as long as they are
electrically connected to the receiver 6. For example, the
electrodes 1a and 15 may be integrally connected or wire-
lessly connected to the receiver 6 to the receiver 6.

[0069] Further, in the above-described Embodiments 1
and 2, the electrodes 1a and 15 are disposed at two positions
on the living body, but are not limited to two as long as they
are capable of receiving electrical signals from a plurality of
positions of the living body.

[0070] In the above-described Embodiments 1 and 2, the
pulse discrimination unit 10 determines that an electrical
pulse different from the pacing pulse is the noise pulse, but
it is not limited thereto as long as it can determine that an
electrical pulse different from the functional pulse propa-
gated in the living body at a predetermined time interval is
the noise pulse. For example, the pulse discrimination unit
10 may receive an electrical signal from the living body in
which the functional pulse propagates at the predetermined
time interval via the electrodes 1a and 1b, and may deter-
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mine that an electrical pulse different from the functional
pulse included in the electrical signal is the noise pulse.

[0071] A pulse discrimination device according to a first
aspect of the presently disclosed subject matter is a pulse
discrimination device configured to receive an electrical
signal from a living body in which a functional pulse
propagates at a predetermined time interval, and configured
to discriminate between the functional pulse and a noise
pulse which are included in the electrical signal. The pulse
discrimination device includes: a pulse detector configured
to sequentially detect an electrical pulse included in the
electrical signal based on variation in an intensity of the
electrical signal received from the living body; and a pulse
discrimination unit configured to determine whether the
electrical pulse detected by the pulse detector is the func-
tional pulse or the noise pulse based on a detection interval
of the electrical pulse detected by the pulse detector and a
pulse time predetermined based on the predetermined time
interval.

[0072] Here, the pulse discrimination unit may be config-
ured to determine that the electrical pulse detected by the
pulse detector is the noise pulse, in a case where the
detection interval of the electrical pulse is shorter than the
pulse time.

[0073] In addition, the pulse discrimination unit may be
configured to determine the electrical pulse detected by the
pulse detector is the functional pulse, in a case where the
detection interval of the electrical pulse is equal to or larger
than the pulse time.

[0074] In addition, the pulse time may be set to a value
larger than a time of the pulse width of the functional pulse.

[0075] In addition, the pulse discrimination device may
further include: a timer configured to measure the detection
interval of the electrical pulse; and a timer controller con-
figured to start measurement of the timer when the electrical
pulse is detected by the pulse detector, and to stop the
measurement of the timer in a case where a measurement
time reaches the pulse time. In a case where a next electrical
pulse is detected by the pulse detector before the measure-
ment time of the timer reaches the pulse time, the pulse
discrimination unit may be configured to determine that the
next electrical pulse is the noise pulse.

[0076] In addition, the timer controller may be configured
to clear the measurement time of the timer every time the
next electrical pulse is detected by the pulse detector until
the measurement time of the timer reaches the pulse time,
and the pulse discrimination unit may be configured to
determine that the electrical pulse detected by the pulse
detector before the measurement time of the timer reaches
the pulse time is the noise pulse.

[0077] In addition, the functional pulse may include a
pacing pulse that is output at the predetermined time interval
from a pacing device attached to the living body in order to
cause a heart to beat.

[0078] Inaddition, the pulse detector may be configured to
detect the electrical pulse included in the electrical signal
based on a rise and a fall of the electrical signal.

[0079] An electrocardiogram analyzer according to a sec-
ond aspect of the presently disclosed subject matter
includes: the above-described pulse discrimination device;
an electrocardiogram generator configured to generate an
electrocardiogram based on an electrical signal received
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from a living body; and a display configured to display the
electrocardiogram generated by the electrocardiogram gen-
erator.

[0080] According to the presently disclosed subject mat-
ter, since the pulse discrimination unit determines that the
electrical pulse detected by the pulse detector is the noise
pulse in a case where the detection interval of the electrical
pulse detected by the pulse detector is shorter than the pulse
time, it is possible to provide an electrocardiogram analyzer
and a pulse discrimination device that discriminates between
a functional pulse and a noise pulse which are included in an
electrical signal from a living body with high accuracy.

What is claimed is:

1. A pulse discrimination device configured to receive an
electrical signal from a living body in which a functional
pulse propagates at a predetermined time interval, and
configured to discriminate between the functional pulse and
a noise pulse which are included in the electrical signal, the
pulse discrimination device comprising:

a pulse detector configured to sequentially detect an
electrical pulse included in the electrical signal based
on variation in an intensity of the electrical signal
received from the living body; and

a pulse discrimination unit configured to determine
whether the electrical pulse detected by the pulse
detector is the functional pulse or the noise pulse based
on a detection interval of the electrical pulse detected
by the pulse detector and a pulse time predetermined
based on the predetermined time interval.

2. The pulse discrimination device according to claim 1,
wherein the pulse discrimination unit is configured to deter-
mine that the electrical pulse detected by the pulse detector
is the noise pulse, in a case where the detection interval of
the electrical pulse is shorter than the pulse time.

3. The pulse discrimination device according to claim 1,
wherein the pulse discrimination unit is configured to deter-
mine the electrical pulse detected by the pulse detector is the
functional pulse, in a case where the detection interval of the
electrical pulse is equal to or larger than the pulse time.

4. The pulse discrimination device according to claim 1,
wherein the pulse time is set to a value larger than a time of
the pulse width of the functional pulse.

5. The pulse discrimination device according to claim 1,
further comprising:

a timer configured to measure the detection interval of the

electrical pulse; and

a timer controller configured to start measurement of the
timer when the electrical pulse is detected by the pulse
detector, and to stop the measurement of the timer in a
case where a measurement time reaches the pulse time,

wherein in a case where a next electrical pulse is detected
by the pulse detector before the measurement time of
the timer reaches the pulse time, the pulse discrimina-
tion unit is configured to determine that the next
electrical pulse is the noise pulse.

6. The pulse discrimination device according to claim 5,

wherein the timer controller is configured to clear the
measurement time of the timer every time the next
electrical pulse is detected by the pulse detector until
the measurement time of the timer reaches the pulse
time, and

wherein the pulse discrimination unit is configured to
determine that the electrical pulse detected by the pulse



US 2020/0093391 A1

detector before the measurement time of the timer
reaches the pulse time is the noise pulse.

7. The pulse discrimination device according to claim 1,
wherein the functional pulse includes a pacing pulse that is
output at the predetermined time interval from a pacing
device attached to the living body in order to cause a heart
to beat.

8. The pulse discrimination device according to claim 1,
wherein the pulse detector is configured to detect the elec-
trical pulse included in the electrical signal based on a rise
and a fall of the electrical signal.

9. An electrocardiogram analyzer comprising:

the pulse discrimination device according to claim 1,

an electrocardiogram generator configured to generate an

electrocardiogram based on an electrical signal
received from a living body; and

a display configured to display the electrocardiogram

generated by the electrocardiogram generator.
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