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FIG. 11
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CARDIAC POTENTIAL DETECTION
DEVICE AND CARDIAC POTENTIAL
DETECTION METHOD

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to devices for detect-
ing R-waves from an electrocardiographic waveform.

2. Description of the Related Art

[0002] Patent Literature 1 discloses a waveform detector
that blocks signals from an electronic cardiac pacer or other
similar device. This waveform detector includes a pacer
signal detector, an amplitude discriminator, a short-time
discriminator, and a long-time discriminator. The pacer
signal detector detects signals greater than electrocardio-
graphic signals. The amplitude discriminator prevents sig-
nals other than electrocardiographic signals from being
applied to the short-time discriminator. The short-time dis-
criminator receives a potential triggered by an R wave and
generates a pulse signal. The long-time discriminator
receives the output of the short-time discriminator and
outputs a rectangular pulse signal. This reduces falsely
detecting cardiac pulses as R-waves from the electronic
cardiac pacet.

CITATION LIST

Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Application
Publication No. S50-061889

SUMMARY

[0004] The present disclosure provides a cardiac potential
detection device effectively reducing false detection of
R-waves.

[0005] The cardiac potential detection device according to
the present disclosure for detecting R-waves from an elec-
trocardiographic waveform includes a plurality of elec-
trodes, a detector, and a control unit. The detector detects an
input voltage applied from the electrodes. The control unit
identifies an R-wave based on the input voltage detected by
the detector, but suspends identifying R-waves in a detec-
tion-suspension period including a period in which the input
voltage exceeds a predetermined threshold.

[0006] Inthe cardiac potential detection method according
to the present disclosure, an input voltage applied from a
plurality of electrodes is detected, and an R-wave is iden-
tified based on the input voltage, but identification of
R-waves is suspended in a period in which the input voltage
exceeds a predetermined threshold.

[0007] The cardiac potential detection device according to
the present disclosure effectively reduces false detection of
R-waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1is a schematic diagram of an example of an
electrocardiographic waveform;

[0009] FIG. 2 is an electrocardiogram measured using
electrodes;
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[0010] FIG. 3 is a schematic diagram of a cardiac potential
detection device according to an exemplary embodiment;

[0011] FIG. 4 is a block diagram of a controller in the
cardiac potential detection device according to the exem-
plary embodiment;

[0012] FIG. 5 is a schematic diagram of an operational
example of the cardiac potential detection device according
to the exemplary embodiment;

[0013] FIG. 6 is a flowchart showing the operation of the
cardiac potential detection device according to the exem-
plary embodiment;

[0014] FIG. 7 shows an electrocardiographic waveform
obtained in the exemplary embodiment and R-waves
detected according to a conventional method;

[0015] FIG. 8 shows an electrocardiographic waveform
obtained in the exemplary embodiment and R-waves
detected according to the present disclosure;

[0016] FIG. 9 shows an electrocardiographic waveform
obtained by the cardiac potential detection device according
to the exemplary embodiment, and R-waves detected when
the transient period is 0 ms;

[0017] FIG. 10 shows an electrocardiographic waveform
obtained by the cardiac potential detection device according
to the exemplary embodiment, and R-waves detected when
the transient period is 500 ms;

[0018] FIG. 11 shows the relationship between transient
period and over-detection rate in the cardiac potential detec-
tion device according to the exemplary embodiment;

[0019] FIG. 12 shows an electrocardiographic waveform
obtained in Example 1;

[0020] FIG. 13 shows an electrocardiographic waveform
obtained in Example 1 and R-waves detected according to a
conventional method;

[0021] FIG. 14 shows an electrocardiographic waveform
obtained in Example 1 and R-waves detected according to
the present disclosure;

[0022] FIG. 15 shows an electrocardiographic waveform
obtained in Example 2;

[0023] FIG. 16 shows an electrocardiographic waveform
obtained in Example 2 and R-waves detected according to
the conventional method;

[0024] FIG. 17 shows an electrocardiographic waveform
obtained in Example 2 and R-waves detected according to
the present disclosure; and

[0025] FIG. 18 shows the relationship between attachment
media, transient period, and over-detection rate.

DETAILED DESCRIPTION

[0026] An exemplary embodiment will be described in
detail as follows with reference to the accompanying draw-
ings. In the exemplary embodiment, the description of
well-known matter and of substantially the same configu-
ration as described earlier may be omitted to avoid redun-
dancy and help those skilled in the art understand them
easily.

[0027] Note that the attached drawings and the following
description are provided to make those skilled in the art fully
understand the present disclosure, and are not intended to
limit the claimed subject matter.
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Exemplary Embodiment

[0028] The cardiac potential detection device according to
an exemplary embodiment will now be described with
reference to FIGS. 1 to 11.

[0029] FIG. 1 shows an example of an electrocardio-
graphic (hereinafter, ECG) waveform. In general, an ECG
waveform includes P-, Q-, R-, S-, T-, and U-waves occurring
in each heartbeat. Of these waves, the R-wave has a large
amplitude and changes steeply per unit time, and therefore,
is used for heartbeat detection.

[0030] R-wave detection is performed by identifying the
appearance time of an R-wave. For example, the absolute
value of the differential value of an ECG waveform can be
regarded as a feature, and the time when the peak of the
feature appears may be approximately determined to be the
appearance time of the R-wave. The time when the peak of
the feature appears can be, for example, the time when the
feature is maximum in a predetermined period of time
starting from the time the feature exceeds a predetermined
threshold (an R-wave detection threshold). A more accurate
appearance time of an R-wave may be determined by
identifying the time when the cardiac potential is maximum
in a predetermined period of time starting from the time the
peak of the feature appears. The difference between two
consecutively detected R-waves is referred to as an RR
interval, and is used to calculate the heart rate.

[0031] FIG. 2 shows a voltage waveform measured as an
ECG waveform when the user bends his/her body sideways
with a belt having electrodes pasted thereon around his/her
chest. When the condition of contact between the electrodes
and the user’s body changes as the user moves his/her body,
the voltage changes steeply. The voltage includes noise with
a larger amplitude than R-waves as shown in FIG. 2. This
indicates that it is difficult to correctly identify R-waves
while the user is moving. In and near abnormal potential
generation periods 410 during which a large noise is gen-
erated, R-waves are difficult to detect, and what is worse,
voltage waveforms other than R-waves may be falsely
detected as R-waves. Abnormal potential generation period
410 is defined as a period exceeding a predetermined
threshold SH. The threshold SH is determined adaptively
based on the obtained voltage waveform.

[0032] For example, if the ECG waveform estimated from
the obtained voltage waveform has a large amplitude, the
electrodes seem to be in good contact with the user’s body.
In this case, the predetermined threshold SH is set to a large
value.

1-1. Configuration

[0033] FIG. 3 is a schematic diagram of cardiac potential
detection device 100 according to the exemplary embodi-
ment. Device 100 includes electrodes 110 consisting of right
electrode 110a and left electrode 1105, wiring 120, belt
(attachment medium) 130, and controller 200.

[0034] Right electrode 110a and left electrode 1105, which
are brought into direct contact with the human body, can be
made of any conductive material. In the exemplary embodi-
ment, electrodes 110 are made of conductive rubber to
achieve close contact with the human body. Alternatively,
electrodes 110 may be made of conductive fiber. Right
electrode 110a and left electrode 1105 are attached on both
sides of the user’s heart so as to obtain the voltage waveform
of a cardiac potential (hereinafter, also referred to as the
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BCG waveform). The cardiac potential can be obtained from
the potential difference between the two electrodes 110a and
1105. Alternatively, it is possible to provide a reference
electrode so as to obtain the potential differences between
the reference electrode and right electrode 110a and between
the reference electrode and left electrode 1105, thereby
obtaining the potential difference between right and left
electrode 110a and 1105. The positions of electrodes 110 are
not limited to those shown in FIG. 3; the ECG waveform can
be obtained by using any well-known electrode layout.

[0035] Electrodes 110 are attached to belt (attachment
medium) 130. The user wears belt 130 around the chest in
such a manner that right electrode 110a and left electrode
1105 come into contact with the skin, thereby obtaining the
ECG waveform. Electrodes 110 may be attached to other
attachment media than belt 130, such as a stretchable T shirt
or corset in such a manner that electrodes 110 are located on
the user’s chest. Alternatively, electrodes 110 may be coated
with adhesive gel and pasted to the user’s skin. Further
alternatively, electrodes 110 may be attached to a steering
wheel or other devices which the user can grip with both
hands.

[0036] Controller 200 receives an ECG waveform
obtained as the potential difference between right electrode
110a and left electrode 1105, and detects R-waves from the
ECG waveform.

[0037] FIG. 4 is a block diagram of controller 200 in
cardiac potential detection device 100 according to the
exemplary embodiment. Controller 200 includes analog
front end (AFE) 210, control unit 220, and memory 230.
AFE 210 includes amplifier 211 for amplifying a cardiac
potential obtained by electrodes 110, and A/D converter 212
for AD-converting the amplified cardiac potential. AFE 210
is an analog circuit for coupling electrodes 110 and control
unit 220. Control unit 220 includes band pass filter (BPF)
221, input potential detector 222, and R-wave detector 223.
Thus, BPF 221 bandlimits the AD-converted signal in order
to keep the heartbeat component intact in the signal. Input
potential detector 222 detects whether the bandlimited ECG
waveform is an abnormal potential. R-wave detector 223
detects R-waves from the ECG waveform that has been
determined not to be an abnormal potential. BPF 221
bandlimits the acquired cardiac potential V(t). The passband
is not particularly limited as long as it can keep the heartbeat
component intact; a preferred passband is, for example,
about one to several tens of hertz. In the following descrip-
tion, a bandlimited ECG waveform, which is an input to both
detectors 222 and 223, is also referred simply as an ECG
waveform. Input potential detector 222 detects an abnormal
potential, which occurs, for example, when electrodes 110
are removed from the user’s skin. This detection will be
detailed later. R-wave detector 223 has an R-wave detection
threshold by which R-wave candidates are detected from the
BECG waveform. If the feature of the ECG waveform
exceeds the R-wave detection threshold, R-wave detector
223 detects the feature as an R-wave candidate. From the
detected R-wave candidates, R-wave detector 223 further
detects an R-wave candidate that meets predetermined
requirements. R-wave detector 223 then identifies, as the
appearance time of the R-wave, the time when the peak of
the feature of the ECG waveform appears in the part of the
ECG waveform that corresponds to the R-wave. The value
of the feature of an ECG waveform is affected by various
factors (e.g., the user’s physical condition, the condition of
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contact between electrodes 110 and the user’s body. and the
user’s physical characteristics). For example, when the
user’s body and electrodes 110 are in good contact with each
other, the obtained ECG waveform has a larger amplitude
than when they are not in good contact with each other.
Furthermore, the condition of contact between the user’s
body and electrodes 110 varies with time. Consequently, the
amplitude of the obtained ECG waveform varies with time,
so that the R-wave detection threshold suitable for R-waves
detection also varies with time. Therefore, R-wave detector
223 updates the R-wave detection threshold based on the
value of the peak of the feature of the voltage waveform
corresponding to the most recently detected R-wave.
Memory 230 stores the appearance times of the R-waves
identified by control unit 220. Memory 230 may further
store the time difference (RR interval) between the most
recently detected R-wave and the immediately preceding
detected R-wave. Alternatively, cardiac potential detection
device 100 may include a transmitter that transmits the
appearance times of R-waves to an external device such as
a display device or a server instead of storing them in
memory 230.

1-2. Operation

[0038] The operation of the above-described cardiac
potential detection device 100 will now be described.

[0039] Cardiac potential detection device 100 according to
the present disclosure suspends R-wave detection in abnor-
mal potential generation periods 410 and in transient period
TT, which occurs before and after each period 410. The
period to suspend R-wave detection is referred to as a
detection-suspension period ST. In the present exemplary
embodiment, the transient period TT is 500 ms. FIG. 5 is a
schematic diagram of an operational example of cardiac
potential detection device 100 according to the exemplary
embodiment.

[0040] In the detection-suspension period ST, R-wave
detection is suspended in abnormal potential generation
period 410 and the subsequent transient period TT. In the
remaining period, R-wave detection is performed at prede-
termined time intervals. In the present exemplary embodi-
ment, R-wave detection is suspended also in the transient
period TT occurring before the start of abnormal potential
generation period 410. However, this transient period TT
occurs before the detection of an abnormal potential. In
other words, even of a voltage waveform that is to be
determined as an R-wave is detected, it cannot be confirmed,
at the time of the R-wave detection, whether the R-wave
detection time is within the detection-suspension period.
Therefore, upon detecting a voltage waveform that is deter-
mined to be an R-wave unless the R-wave detection time is
within the detection-suspension period ST, R-wave detector
223 stores, as an R-wave candidate RC, a detection time TR
at which the peak of the voltage waveform is detected. If no
abnormal potential is detected in the period from the detec-
tion time TR of the R-wave candidate RC until the transient
period TT expires, the R-wave candidate RC is confirmed as
an R-wave. Meanwhile, if an abnormal potential is detected
in the transient period TT, the R-wave candidate RC is
abandoned. This is how R-wave detection is suspended in
the transient period TT occurring before the occurrence of an
abnormal potential.
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[0041] Detailed operation of the exemplary embodiment
will now be described with reference to the diagram of FIG.
5 and the flowchart of FIG. 6.

[0042] First, in Step S101, input potential detector 222 sets
the detection mode to a normal mode, which is the initial
state. Detector 222 has the normal mode in which the
detection of R-wave candidates RC is performed, and a
suspension mode in which the detection of R-wave candi-
dates RC is not performed. Thus, whether the detection of
R-wave candidates RC is performed is determined by the
detection mode of detector 222.

[0043] Next, in Step S102 R-wave detector 223 acquires a
cardiac potential V(1) at time t, which is bandlimited by BPF
221. To be more specific, amplifier 211 amplifies the poten-
tial difference between right electrode 1104 and left elec-
trode 1105, and A/D converter 212 AD-converts the ampli-
fied potential difference so as to acquire the cardiac potential
V().

[0044] Next, in Step S103 input potential detector 222
compares the absolute value of the cardiac potential V(t)
with the predetermined threshold SH. The threshold SH is
determined based on the voltage range of amplifier 211 or
A/D converter 212. For example, if the voltage range of A/D
converter 212 is *20 mV, it is determined whether the
absolute value of the cardiac potential V(t) is greater than 20
mV. The threshold SH does not necessarily have to be in the
voltage range, and may be the multiple of the voltage range
and a predetermined rate. The predetermined rate can be
determined considering the features of BPF 221, and can be,
for example, 90%. Alternatively, the rate may be a value that
can be obtained with general R-waves (e.g., several milli-
volts). If the absolute value of the acquired cardiac potential
V(t) 1s smaller than the threshold SH (Yes in Step S103), the
process goes to Step S104. Meanwhile, if the absolute value
is not less than the threshold SH (No in Step S103), the
process goes to Step S111.

[0045] Next, in Step S104 input potential detector 222
determines whether the detection mode is the normal mode.
If it is the normal mode (Yes in Step S104), the process goes
to Step S105. Meanwhile, if it is not the normal mode (No
in Step S104), the process goes to Step S113.

[0046] Next, in Step S105 R-wave detector 223 detects
R-wave candidates based on the cardiac potential V().
R-wave detector 223 regards the absolute value of the
differential value of the ECG waveform as the feature, and
identifies, from a certain period, the detection time TR at
which the peak of the feature appears. If the value of the
peak of the feature exceeds the R-wave detection threshold,
the peak is stored as the R-wave candidate RC. Alternatively,
the detection time TR at which the peak of the feature
appears may be the time at which the feature is maximum in
the period of time after the feature exceeds the R-wave
detection threshold until a predetermined time expires. The
R-wave detection threshold is adaptively determined based
on the maximum value of the feature (for example, 60% of
the maximum value) in a predetermined period of time (e.g.,
several seconds) including the R-wave candidate RC. This
enables the R-wave detection threshold to be a value suitable
for R-wave detection, along with the temporal change of the
amplitude of the ECG waveform. In the example of the ECG
waveform shown in FIG. 5, R-wave candidates RC (RC-1 to
RC-4) are identified when the detection mode is the normal
mode. Furthermore, detection times TR (TR-1 to TR-4),
which correspond to R-wave candidates RC (RC-1 to RC-4),
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respectively are stored in memory 230 as the times indicat-
ing the peaks of the features calculated based on the time
waveform of the cardiac potential.

[0047] Next, in Step S106 R-wave detector 223 deter-
mines whether there is an undetermined R-wave candidate.
If there is an undetermined R-wave candidate (Yes in Step
S106), this candidate is made to be a target R-wave candi-
date RCx, and the process goes to Step S107. Meanwhile, if
there is no undetermined R-wave candidate (No in Step
S106), the process goes to Step S110.

[0048] In Step S107, R-wave detector 223 determines
whether a first elapsed time (t-TR) exceeds the transient
period TT with respect to the target R-wave candidate RCx.
The first elapsed time indicates the time elapsed from a
detection time TRx corresponding to the target R-wave
candidate RCx up to the present time t. If the first elapsed
time exceeds the transient period TT, or in other words, if the
transient period TT or more time has elapsed since the
detection of the target R-wave candidate RCx, the process
goes to Step S108. In this case, it is determined that an
abnormal potential has not been detected in the period from
the detection time TRx at which the target R-wave candidate
RCx is detected until the transient period TT expires. If the
first elapsed time does not exceed the transient period TT,
the process goes to Step S109.

[0049] Next, in Step S108 the target R-wave candidate
RCx is confirmed as an R-wave because no abnormal
potential has been detected in the transient period TT
occurring before and after the detection time TRx at which
the target R-wave candidate RCx is detected. To be more
specific, R-wave detector 223 confirms the target R-wave
candidate RCx as an R-wave and stores this R-wave and the
corresponding detection time TRx into memory 230.
R-wave detector 223 further stores in memory 230 the RR
interval, which is the difference between the detection time
TRx and the detection time TR corresponding to the latest
R-wave of all R-waves confirmed before the target R-wave
candidate RCx. Furthermore, R-wave detector 223 deletes
the confirmed target R-wave candidate RCx from the
R-wave candidates. In the example of FIG. 5, R-wave
candidates RC-1, RC-2, and RC-4 are confirmed as R-waves
in Step S108 after the transient period TT has elapsed since
the detection times TR-1, TR-2, and TR-4, respectively.
[0050] In Step S109 R-wave detector 223 determines that
the target R-wave candidate RCx has been determined and
keeps it as an R-wave candidate. After this, the process goes
back to Step S106 where the undetermined R-wave candi-
dates are subjected to the same procedure.

[0051] 1In Step S110 all R-wave candidates are returned
undetermined, and the process goes back to Step S102 where
the operation of acquiring a cardiac potential V(t) is con-
tinued.

[0052] The following is a description of the case where in
Step S103 the absolute value of the acquired cardiac poten-
tial V(t) is greater than the threshold SH (No in Step S103).
If the absolute value is greater than the threshold SH, the
detected ECG waveform is expected to be greatly affected
by noise. This ECG waveform is also considered to be
greatly affected by noise during the period before and after
the period in which the absolute value of the cardiac
potential V(t) is greater than the threshold SH. In these
periods of strong noise influence, it is preferable to suspend
R-wave detection because R-waves are likely to be identi-
fied with lower accuracy.
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[0053] 1In Step S111 input potential detector 222 switches
the detection mode to the suspension mode, and suspends
the detection of R-wave candidates. In the example shown
in FIG. 5, the absolute value of the cardiac potential V(t)
exceeds the threshold SH at time T2, so that the detection
mode is switched to the suspension mode to suspend the
detection of R-wave candidates in Step S111. Thus, the time
T2 corresponds to the start of abnormal potential generation
period 410.

[0054] Next, in Step S112, R-wave detector 223 abandons
all R-wave candidates, and the process goes back to Step
S102. In the period from the time earlier than the start of
abnormal potential generation period 410 by the transient
period TT to the start of period 410 is included in the
detection-suspension period ST. Therefore, the R-wave can-
didates detected in this period are abandoned without being
detected as R-waves. In the example shown in FIG. 5, all
R-wave candidates detected between time T1 and time T2
are abandoned. This means that R-wave candidate RC3 is
abandoned.

[0055] Next, in Step S113 input potential detector 222
determines whether the second elapsed time exceeds the
transient period TT. The second elapsed time indicates the
period from the end of abnormal potential generation period
410 up to the present time t.

[0056] If the second elapsed time is equal to or less than
the transient period TT, the process goes back to Step S102
to continue to acquire a cardiac potential. Meanwhile, if the
second elapsed time exceeds the transient period TT (Yes in
Step S113), input potential detector 222 determines that the
transient period TT has elapsed since the end of abnormal
potential generation period 410, and the process goes to Step
S114.

[0057] In Step S114 input potential detector 222 switches
the detection mode to the normal mode, and the process goes
to Step S105.

[0058] Inthe example shown in FIG. 5, the second elapsed
time (t-T3) is determined to have exceeded the transient
period TT in Step S113 at time T4 when the transient period
TT has elapsed since time T3, which is the last moment at
which the absolute value of the cardiac potential V(t)
exceeds the threshold SH. The process goes to Step S114. In
Step S114 the detection mode is set to the normal mode, and
the process goes to Step S105 where the detection of R-wave
candidates is restarted.

[0059] Thus, R-wave detection is suspended not only in
abnormal potential generation period 410 but also in the
period before and after the period 410. This reduces falsely
detecting, as R-waves, steep changes in the transient period
TT in an ECG waveform.

1-3. Effects

[0060] FIG. 7 shows an ECG waveform obtained in the
exemplary embodiment and R-waves detected without
detecting an abnormal potential with the use of a threshold.
In FIG. 7, five cases of R-wave overdetection (shown by
triangles), which are due to changes in the condition of
contact between of electrodes 110 and the user’s body, occur
near abnormal potential generation periods 410.

[0061] Meanwhile, FIG. 8 shows an ECG waveform
obtained by cardiac potential detection device 100 according
to the exemplary embodiment, and R-waves detected when
R-wave detection is suspended in abnormal potential gen-
eration periods 410 and in a 500 ms transient period TT
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before and after each period 410. Thus, R-wave detection is
suspended not only in abnormal potential generation periods
410 but also in the transient period TT before and after each
period 410. In this case, the steep changes in the ECG
waveform shown in FIG. 8, which are caused when the user
moves physically, are treated as the detection-suspension
period ST. As a result, R-wave detection is suspended to
reduce R-wave overdetection. When the user wears the
attachment equipped with electrodes around his/her body to
measure an ECG waveform, R-wave detection is suspended
in abnormal potential generation periods 410 and the tran-
sient period TT before and after each period 410. This
reduces falsely detecting, as R-waves, steep changes in the
ECG waveform, which are caused when the user moves
physically.

[0062] The influence of the transient period TT on the
R-wave-detection performance will now be described as
follows. FI1G. 9 shows an ECG waveform obtained when the
user bends histher body sideways with belt 130 having
electrodes pasted thereon around his/her chest, and R-waves
detected when the transient period is 0 ms. The detection-
suspension period ST coincides with each abnormal poten-
tial generation period 410 that exceeds the threshold SH. In
this case, the steep changes between adjacent abnormal
potential generation periods 410 in an ECG waveform are
cases of R-wave overdetection (shown by triangles).

[0063] Meanwhile, FIG. 10 shows an ECG waveform
obtained in the exemplary embodiment, and R-waves
detected when the transient period is 500 ms. In FIG. 10 the
detection-suspension period ST corresponds to abnormal
potential generation periods 410 and the transient period TT
before and after the periods 410. This reduces falsely
detecting, as R-waves, steep changes occurring between
adjacent abnormal potential generation periods 410 in an
ECG waveform.

[0064] FIG. 11 shows the relationship between the tran-
sient period TT and the over-detection rate of R-waves. The
horizontal axis represents the transient period TT, and the
vertical axis represents the over-detection rate under the
condition that the number of overdetected R-waves with a
transient period TT of 0 ms is 100%, and that the transient
period TT is changed at intervals of 100 ms. Increasing the
transient period TT decreases the over-detection rate, and
when the transient period TT is 400 ms, the over-detection
rate is at its minimum. However, when the transient period
TT is too long, the period of not detecting R-waves is too
long. Therefore, it is preferable that the transient period TT
should be about 400 ms.

[0065] As described above, in the present exemplary
embodiment, cardiac potential detection device 100 includes
electrodes 110 (right electrode 110a and left electrode 1105),
and controller 200. Controller 200 detects an abnormal
potential caused by changes in the condition of contact
between of electrodes 110 and the user’s body, and suspends
R-wave detection in abnormal potential generation periods
410 and the transient period TT before and after each period
410. This achieves reducing R-wave overdetection.

[0066] The R-wave detection threshold is not updated in
the detection-suspension period ST. This reduces the number
of undetected R-waves, which is caused when the R-wave
detection threshold is increased by the detection of an
abnormal potential.
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Examples

[0067] ECG waveforms acquired by cardiac potential
detection device 100 according to the exemplary embodi-
ment will be shown: one with disposable electrodes (Ex-
ample 1), and the other with a shirt having conductive fiber
electrodes pasted thereon (Example 2).

Example 1

[0068] FIG. 12 shows an ECG waveform obtained in
Example 1 when disposable electrodes were pasted on the
user’s skin. In FIG. 12 the user was found to have bent
his/her body sideways in abnormal potential generation
periods 410, and steep changes occurred in the ECG wave-
form due to changes in the condition of contact between the
disposable electrodes and the user’s skin.

[0069] FIG. 13 shows an ECG waveform obtained in
Example 1, and R-waves detected in the case that R-wave
detection was performed in all the periods without detecting
an abnormal potential. In FIG. 13 two cases of R-wave
overdetection (shown by triangles) occurred near abnormal
potential generation periods 410, which were caused by
changes in the condition of contact between electrodes 110
and the user’s body, and later, two R-waves (shown by
crosses) were left undetected.

[0070] The feature of R-waves changes with time depend-
ing on various factors (e.g., the user’s physical condition, the
condition of contact between the electrodes and the user’s
body, and the user’s physical characteristics), so that the
R-wave detection threshold is updated using the value at the
time when the peak of the most recently detected feature
appears. Therefore, if the R-wave detection threshold is
updated and increased as a result that abnormal potentials
are falsely detected as R-waves, then R-waves that should be
detected are left undetected after the end of the abnormal
potential.

[0071] Meanwhile, FIG. 14 shows an ECG waveform
obtained in Example 1, and R-waves detected according to
the present disclosure when R-wave detection were sus-
pended in abnormal potential generation periods 410 and in
the transient period TT (500 ms) before and after each period
410. R-wave detection was suspended in the detection-
suspension period ST shown in FIG. 14, so as to prevent
falsely detecting, as R-waves, steep changes in an ECG
waveform, which were caused when the user moved physi-
cally. The R-wave detection threshold was not updated
because of the absence of R-wave overdetection, so that
R-waves were correctly detected even after the end of the
detection-suspension period ST.

[0072] As described above, in the case that the disposable
electrodes were pasted on the user’s skin, R-wave detection
was suspended in abnormal potential generation periods 410
and the transient period TT before and after each period 410.
This reduced falsely detecting, as R-waves, steep changes in
the ECG waveform, which were caused when the user
moved physically. This also reduced the number of unde-
tected R-waves, which was caused when the R-wave detec-
tion threshold was increased as a result of the detection of an
abnormal potential.

Example 2

[0073] FIG. 15 shows an ECG waveform obtained in
Example 2 when the user worn a T-shirt with conductive
fiber electrodes pasted thereon. In FIG. 15, the user was
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found to have bent his/her body forward in abnormal poten-
tial generation periods 410 where steep changes occurred in
the ECG waveform with changes in the condition of contact
between the conductive fiber electrodes and the user’s skin.
[0074] FIG. 16 shows an ECG waveform obtained in
Example 2, and R-waves detected without detecting an
abnormal potential with the use of a threshold. Five cases of
R-wave overdetection (shown by triangles) occurred near
abnormal potential generation periods 410. In addition, four
R-waves (shown by crosses) were left undetected at the end
of abnormal potentials due to an increase in the R-wave
detection threshold caused by R-wave overdetection.
[0075] Meanwhile, FIG. 17 shows an ECG waveform
obtained by cardiac potential detection device 100 according
to the exemplary embodiment and R-waves detected in the
case that R-wave detection was suspended in abnormal
potential generation periods 410 and the transient period TT
(500 ms) before and after each period 410. R-wave detection
was suspended in the detection-suspension period ST shown
in FIG. 17, so as to prevent falsely detecting, as R-waves,
steep changes in an ECG waveform, which were caused
when the user moved physically.

[0076] As described above, two R-waves were left unde-
tected in the transient period TT because R-wave detection
was suspended in this period. However, after the detection-
suspension period ST expired, R-waves were detected cor-
rectly because there was no increase in the R-wave detection
threshold as a result of the absence of R-wave overdetection.
[0077] It has been thus proved that even when an ECG
waveform is acquired by making the user wear a T-shirt with
conductive fiber electrodes pasted thereon, it is possible to
prevent falsely detecting, as R-waves, steep changes in the
ECG waveform caused when the user moves physically by
suspending R-wave detection in abnormal potential genera-
tion periods 410 and the transient period TT before and after
each period 410. This configuration also prevents an
increase in the R-wave detection threshold caused by
R-wave overdetection, thereby preventing undetected
R-waves.

[0078] FIG. 18 shows the relationship between the over-
detection rate and the transient period TT when electrodes
110 are attached to different attachment media. The hori-
zontal axis represents the transient period TT, and the
vertical axis represents the over-detection rate under the
condition that the number of overdetected R-waves with a
transient period TT of 0 ms is 100%, and that the transient
period TT is changed at intervals of 100 ms. Regardless of
the type of attachment medium to which electrodes 110 are
attached, the over-detection rate is at its minimum when
there is a transient period TT of 500 ms or so before and after
each abnormal potential generation period 410. Hence, it is
preferable that the transient period TT should be 500 ms or
50.

[0079] The above-described exemplary embodiment
exemplifies the techniques of the present disclosure. There-
fore, various modification, replacement, addition, and omis-
sion can be made within the range of the claims and their
equivalents.

INDUSTRIAL APPLICABILITY

[0080] The cardiac potential detection device according to
the present disclosure is applicable to an electrocardiograph,
a heart rate monitor, or other similar devices that can prevent
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falsely detecting, as R-waves, changes in the condition of
contact between the electrodes and the user’s skin.

REFERENCE MARKS IN THE DRAWINGS

[0081] 100 cardiac potential detection device
[0082] 110 electrode

[0083] 1104« right electrode

[0084] 1105 left electrode

[0085] 120 wiring

[0086] 130 belt (attachment medium)

[0087] 200 controller

[0088] 210 analog front end (AFE)

[0089] 211 amplifier

[0090] 212 A/D converter

[0091] 220 control unit

[0092] 221 band pass filter (BPF)

[0093] 222 input potential detector

[0094] 223 R-wave detector

[0095] 230 memory

[0096] 410 abnormal potential generation period
[0097] SH threshold

[0098] ST detection-suspension period
[0099] TT transient period

What is claimed is:

1. A cardiac potential detection device for detecting
R-waves from an electrocardiographic waveform, the car-
diac potential detection device comprising:

a plurality of electrodes;

a detector configured to detect an input voltage applied

from the plurality of electrodes; and

a control unit having an R-wave detection threshold by

which an R-wave is identified and being configured to
identify an R-wave based on the input voltage, the
control unit suspending identifying an R-wave in a
detection-suspension period including a period in
which the input voltage exceeds a predetermined
threshold, and identifying an R-wave candidate based
on the R-wave detection threshold in a period exclud-
ing the detection-suspension period, the R-wave can-
didate being identified as an R-wave when the input
voltage does not exceed the predetermined threshold in
a period from identification of the R-wave candidate
until a predetermined time expires.

2. The cardiac potential detection device according to
claim 1, wherein the detection-suspension period further
includes a predetermined period occurring before and after
the period in which the input voltage exceeds the predeter-
mined threshold.

3. The cardiac potential detection device according to
claim 1, wherein the control unit adaptively sets the R-wave
detection threshold based on the input voltage in a period
excluding the detection-suspension period, and keeps the
R-wave detection threshold unchanged in the detection-
suspension period.

4. The cardiac potential detection device according to
claim 1, wherein the predetermined threshold is determined
based on an input range of the detector.

5. The cardiac potential detection device according to
claim 1, wherein the detection-suspension period includes a
period of 500 ms occurring before and after the period in
which the input voltage exceeds the predetermined thresh-
old.
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6. The cardiac potential detection device according to
claim 1, wherein the plurality of electrodes are attached to
an attachment to be worn by a human body.

7. The cardiac potential detection device according to
claim 1, wherein the plurality of electrodes are attached to
a gripping member.

8. A cardiac potential detection method for detecting
R-waves from an electrocardiographic waveform, the car-
diac potential detection method comprising:

detecting an input voltage applied from a plurality of

electrodes;

identifying an R-wave based on the input voltage and an

R-wave detection threshold by which an R-wave is
identified;

suspending identification of an R-wave in a detection-

suspension period including a period in which the input
voltage exceeds a predetermined threshold and identi-
fying an R-wave candidate based on the R-wave detec-
tion threshold in a period excluding the detection-
suspension period, the R-wave candidate being
identified as an R-wave when the input voltage does not
exceed the predetermined threshold in a period from
identification of the R-wave candidate until a predetet-
mined time expires.

9. A cardiac potential detection device for detecting
R-waves from an electrocardiographic waveform, the car-
diac potential detection device comprising:

a plurality of electrodes;

a detector configured to detect an input voltage applied

from the plurality of electrodes; and

a control unit having an R-wave detection threshold by

which an R-wave is identified, and being configured to
identify an R-wave based on the input voltage, the
control unit suspending identifying an R-wave in a
detection-suspension period including a period in
which the input voltage exceeds a predetermined
threshold, and identifying an R-wave candidate based
on the R-wave detection threshold in an R-wave can-
didate detection period, the R-wave candidate detection
period being a period excluding following periods:
the period in which the input voltage exceeds the
predetermined threshold, and
a period from an end of the period in which the input
voltage exceeds the predetermined threshold until a
predetermined time expires,
the R-wave candidate being identified as an R-wave when
the input voltage does not exceed the predetermined
threshold in a period from identification of the R-wave
candidate until a predetermined time expires.
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10. The cardiac potential detection device according to
claim 9, wherein the detection-suspension period further
includes a predetermined period occurring before and after
the period in which the input voltage exceeds the predeter-
mined threshold.

11. The cardiac potential detection device according to
claim 9, wherein the control unit adaptively sets the R-wave
detection threshold based on the input voltage in a period
excluding the detection-suspension period, and keeps the
R-wave detection threshold unchanged in the detection-
suspension period.

12. The cardiac potential detection device according to
claim 9, wherein the predetermined threshold is determined
based on an input range of the detector.

13. The cardiac potential detection device according to
claim 9, wherein the detection-suspension period includes a
period of 500 ms occurring before and after the period in
which the input voltage exceeds the predetermined thresh-
old.

14. The cardiac potential detection device according to
claim 9, wherein the plurality of electrodes are attached to
an attachment to be worn by a human body.

15. The cardiac potential detection device according to
claim 9, wherein the plurality of electrodes are attached to
a gripping member.

16. A cardiac potential detection method for detecting
R-waves from an electrocardiographic waveform, the car-
diac potential detection method comprising:

detecting an input voltage applied from a plurality of

electrodes;

identifying an R-wave based on the input voltage and an

R-wave detection threshold by which an R-wave is
identified;

suspending identification of an R-wave in a detection-

suspension period including a period in which the input

voltage exceeds a predetermined threshold and identi-

fying an R-wave candidate based on the R-wave detec-

tion threshold in an R-wave candidate detection period,

the R-wave candidate detection period being a period

excluding following periods:

the period in which the input voltage exceeds the
predetermined threshold, and

a period from an end of the period in which the input
voltage exceeds the predetermined threshold until a
predetermined time expires,

the R-wave candidate being identified as an R-wave when

the input voltage does not exceed the predetermined
threshold in a period from identification of the R-wave
candidate until a predetermined time expires.
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