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(7) ABSTRACT

According to one embodiment, an electrocardiographic
(ECG) waveform timing detector includes an ECG wave-
form receiving circuit, a threshold value determining circuit,
and a comparator. The threshold value determining circuit
includes a heart rate calculating circuit, a threshold value
setting circuit, and a comparing/determining circuit. The
heart rate calculating circuit calculates the heart rate based
on BECG waveform received by the ECG waveform receiv-
ing circuit. The threshold value setting circuit sets a thresh-
old value. The comparing/determining circuit compares the
heart rate with the number of R wave detection triggers
detected using the threshold value to determine a threshold

A61B 5/0456 (2006.01) value for R wave detection trigger. The comparator com-
A61B 5/00 (2006.01) pares the ECG waveform output from the ECG waveform
A61B 5/04 (2006.01) receiving circuit with the threshold value for R wave detec-
A61B 5/024 (2006.01) tion trigger to output an R wave detection trigger.
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ECG WAVEFORM TIMING DETECTOR AND
MEDICAL IMAGE DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-010236, filed on 2018 Jan. 25; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an electrocardiographic (ECG) waveform timing detector
and a medical image diagnosis apparatus.

BACKGROUND

[0003] In recent years, a subject is sometimes examined
with a medical image diagnosis apparatus that collects
information on the inside of a subject and generates a
medical image by imaging the inside of the subject based on
the information. When the medical image is displayed, an
electrocardiogram obtained from a biological signal mea-
suring device such as an electrocardiograph may also be
displayed together with the medical image.

[0004] Examples of the medical image diagnosis appara-
tus include ultrasound image diagnosis apparatuses. An
ultrasound image diagnosis apparatus receives reflected sig-
nals of ultrasound waves transmitted toward a target site to
be diagnosed, and generates an ultrasound image relating to
the target site. Because of its high temporal resolution, the
ultrasound image is suitable for illustrating moving organs
such as the heart. The display of an electrocardiogram
together with the ultrasound image having such character-
istics enables, for example, the phase of the heart’s move-
ment to be detected accurately.

[0005] X-ray computed tomography (CT) systems may
also be cited as examples of the medical image diagnosis
apparatus. By using an X-ray CT system, tomographic
images of a target site of the subject can be acquired. The
movement of the heart can be obtained appropriately by
conducting, for example, ECG synchronous reconstruction
with the X-ray CT system and the above-mentioned elec-
trocardiograph.

[0006] When an electrocardiograph is used, an R wave is
often detected and utilized since it has a high wave height
and is easy to detect as compared to other waves among
those found in an electrocardiogram. Specifically, the inter-
val between R waves is detected as one heartbeat to display
an electrocardiogram with an ultrasound image or conduct
ECG synchronous reconstruction.

[0007] However, it may be difficult to reliably detect R
waves every time, and it may happen that, for example, a P
wave is erroneously detected as an R wave. One approach to
prevent this is to mask detected P waves. Another approach
is to emphasize R waves by reducing the amplitude of other
waves than R waves such as P waves and T waves with a
filter. Still, even these processes cannot ensure the accurate
detection of R waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1is a functional block diagram illustrating the
overall configuration of a medical image diagnosis apparatus
(ultrasound image diagnosis apparatus) according to an
embodiment;
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[0009] FIG. 2 is a functional block diagram illustrating the
internal configuration of each of a biological signal measut-
ing device and a timing detector according to the embodi-
ment;

[0010] FIG. 3 is a waveform chart illustrating waveforms
output from a filter in the biological signal measuring device
and the timing detector of the embodiment;

[0011] FIG. 4 is a waveform chart illustrating waveforms
output from an ECG receiver in the timing detector of the
embodiment;

[0012] FIG. 5is a waveform chart illustrating waveforms
output in the end from the timing detector of the embodi-
ment;

[0013] FIG. 6 is a functional block diagram illustrating the
internal configuration of a threshold value determining cir-
cuit of the embodiment;

[0014] FIG. 7 is an explanatory diagram for explaining the
process of calculating the heart rate in the embodiment;
[0015] FIG. 8 is an example of a waveform chart for
explaining the process of determining a threshold value in
the embodiment;

[0016] FIG. 9 is another example of a waveform chart for
explaining the process of determining a threshold value in
the embodiment;

[0017] FIG. 10 is another example of a waveform chart for
explaining the process of determining a threshold value in
the embodiment;

[0018] FIG. 11 is another example of a waveform chart for
explaining the process of determining a threshold value in
the embodiment;

[0019] FIG. 12 is another example of a waveform chart for
explaining the process of determining a threshold value in
the embodiment;

[0020] FIG. 13 is a flowchart illustrating the operation of
the threshold value determining circuit to determine a
threshold value according to the embodiment;

[0021] FIG. 14 is a flowchart illustrating the operation of
the threshold value determining circuit to determine a
threshold value according to the embodiment;

[0022] FIG. 15 is a flowchart illustrating the operation of
the threshold value determining circuit to determine a
threshold value according to a modification of the embodi-
ment; and

[0023] FIG. 16 is a flowchart illustrating the operation of
the threshold value determining circuit to determine a
threshold value according to a modification of the embodi-
ment.

DETAILED DESCRIPTION

[0024] In general, according to one embodiment, an elec-
trocardiographic (ECG) waveform timing detector includes
an ECG waveform receiving circuit, a threshold value
determining circuit, and a comparator. The ECG waveform
receiving circuit receives an ECG waveform obtained by
measuring a subject. The threshold value determining circuit
determines a threshold value for R wave detection trigger.
The comparator compares the ECG waveform output from
the ECG waveform receiving circuit with the threshold
value for R wave detection trigger output from the threshold
value determining circuit to output an R wave detection
trigger. The threshold value determining circuit includes a
heart rate calculating circuit, a threshold value setting cir-
cuit, and a comparing/determining circuit. The heart rate
calculating circuit calculates the heart rate based on the ECG
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waveform received by the ECG waveform receiving circuit.
The threshold value setting circuit sets a threshold value.
The comparing/determining circuit compares the heart rate
with the number of R wave detection triggers detected using
the threshold value to determine the threshold value for R
wave detection trigger.

[0025] Exemplary embodiments will be described in detail
with reference to the drawings.

[0026] It is herein assumed that the ultrasound image
diagnosis apparatus described below is provided therein
with a timing detector. As described above, examples of the
medical image diagnosis apparatus include, in addition to
ultrasound image diagnosis apparatuses, X-ray CT systems
and the like. Accordingly, the timing detector can also be
used in such a medical image diagnosis apparatus as an
X-ray CT system. However, an ultrasound image diagnosis
apparatus is described herein as an example.

[Configuration of Ultrasound Image Diagnosis Apparatus]

[0027] FIG.11s a functional block diagram illustrating the
overall configuration of an ultrasound image diagnosis appa-
ratus 1 according to an embodiment. As illustrated in FIG.
1, the ultrasound image diagnosis apparatus 1 includes an
ultrasound probe 2 configured to transmit and receive ultra-
sound waves to and from a subject, and a main body 3. The
ultrasound probe 2 is detachably connected to the main body
3. Besides, the ultrasound image diagnosis apparatus 1 is
connected to an electrocardiograph as a biological signal
measuring device 4, and receives signals from the biological
signal measuring device 4.

[0028] In this example, the biological signal measuring
device 4 is connected to the ultrasound image diagnosis
apparatus 1 as a separate device. However, for example, the
functions of the biological signal measuring device 4 may be
incorporated in the ultrasound image diagnosis apparatus 1
as part of its functions.

[0029] The ultrasound image diagnosis apparatus 1 is an
example of a medical image diagnosis apparatus that is
capable of noninvasively examining the internal structure of
a subject, the blood flow state, and the like. The ultrasound
image diagnosis apparatus 1 is configured to transmit ultra-
sound waves toward the inside of a subject from the ultra-
sound probe 2 having transducers (piezoelectric transducers)
at the tip, and receive reflected waves caused by acoustic
impedance mismatch inside the subject through the trans-
ducers of the ultrasound probe 2. The ultrasound image
diagnosis apparatus 1 generates an ultrasound image based
on the received signal.

[0030] The ultrasound probe 2 is configured to transmit
ultrasound waves into the subject through each of the
ultrasound transducers to scan a scan area, and receive
reflected waves from the subject as echo signals. Examples
of the scan include various types of scans such as B mode
scan and Doppler mode scan. Besides, examples of the
ultrasound probe 2 include a sector scan probe, a linear scan
probe, a convex scan probe, and the like, and one of them is
arbitrarily selected depending on the site to be diagnosed.
[0031] Although the ultrasound image diagnosis apparatus
1 is described as including the ultrasound probe 2 in this
embodiment, the ultrasound probe 2 is not an essential
constituent element. Therefore, the ultrasound image diag-
nosis apparatus 1 need not necessarily include the ultrasound
probe.
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[0032] The main body 3 includes a transmitting circuit 31,
a receiving circuit 32, a signal processing circuit 33, an
image processing circuit 34, a display 35, and an input
circuit 36. The transmitting circuit 31 is configured to
transmit a drive signal to the ultrasound probe 2. The
receiving circuit 32 is configured to receive echo signals
from the ultrasound probe 2. The signal processing circuit 33
is configured to process the echo signals. The image pro-
cessing circuit 34 is configured to generate an ultrasound
image. The display 35 is configured to display the ultrasound
image and also an electrocardiogram received from the
biological signal measuring device 4. The input circuit 36 is
configured to receive an input signal as being operated by
the user such as an examiner.

[0033] The main body 3 further includes a communication
control circuit 37 configured to control the exchange of
signals with other devices (not illustrated), a memory circuit
38, and a control circuit 39 configured to control each part.
These and the above circuits are connected to a bus B and
can exchange various signals. A timing detector 5, which is
configured to detect R waves based on electrocardiographic
(ECG) waveforms received from the biological signal mea-
suring device 4, is also connected to the bus B. The functions
of each of the circuits are described below in further detail.
[0034] Under the control of the control circuit 39, the
transmitting circuit 31 generates a drive signal for causing
the ultrasound probe 2 to generate ultrasound waves, i.e., an
electric pulse signal (hereinafter referred to as “drive pulse”)
to be applied to each of the piezoelectric transducers. The
transmitting circuit 31 transmits the drive pulse to the
ultrasound probe 2. The transmitting circuit 31 includes
circuits such as, for example, a reference pulse generating
circuit, a delay control circuit, a drive pulse generating
circuit, and the like (not illustrated), and those circuits
perform the functions mentioned above.

[0035] The receiving circuit 32 receives an echo signal,
1.e., received signal from the ultrasound probe 2. The receiv-
ing circuit 32 performs phasing addition on the received
signal, and outputs the resultant signal to the signal process-
ing circuit 33.

[0036] The signal processing circuit 33 generates various
types of data using the received signal from the ultrasound
probe 2 fed by the receiving circuit 32, and outputs the data
to the image processing circuit 34 and the control circuit 39.
The signal processing circuit 33 includes, for example, a B
mode processing circuit (or Bc mode processing circuit), a
Doppler mode processing circuit, a color Doppler mode
processing circuit, and the like (not illustrated). The B mode
processing circuit visualizes amplitude information of the
received signal, and generates data based on a B mode
signal. The Doppler mode processing circuit extracts Dop-
pler shift frequency component from the received signal, and
applies fast Fourier transform (FFT) or the like thereto,
thereby generating Doppler signal data of blood flow infor-
mation. The color Doppler mode processing circuit visual-
izes the blood flow information based on the received signal,
and generates data based on a color Doppler mode signal.
[0037] The image processing circuit 34 generates two-
dimensional or three-dimensional ultrasound images related
to the scan area based on the data supplied from the signal
processing circuit 33. For example, the image processing
circuit 34 generates volume data related to the scan area
from the data supplied. Then, from the volume data gener-
ated, the image processing circuit 34 generates data of a
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two-dimensional ultrasound image by multi-planar recon-
struction (MPR) or data of a three-dimensional ultrasound
image by volume rendering. The image processing circuit 34
outputs the two-dimensional or three-dimensional ultra-
sound image to the display 35. Examples of the ultrasound
image include a B mode image, a Doppler mode image, a
color Doppler mode image, an M mode image, and the like.

[0038] The display 35 displays various images such as the
ultrasound image generated by the image processing circuit
34 and an operation screen (e.g., graphical user interface
(GUI) configured to receive various instructions from the
user) under the control of the control circuit 39. The display
35 is also capable of displaying the electrocardiogram of the
subject. As the display 35, for example, a liquid crystal
display (LCD), an organic electroluminescence (EL) dis-
play, or the like can be used.

[0039] The input circuit 36 receives various input opera-
tions made by the user to provide, for example, an instruc-
tion to display an image or switch images, designation of the
mode, various settings, and the like. For example, GUI,
input devices such as buttons, a keyboard, a trackball, a
touch panel displayed on the display 35, or the like can be
used as the input circuit 36.

[0040] Incidentally, in the embodiment, the display 35 and
the input circuit 36 are each described as one constituent
element of the ultrasound image diagnosis apparatus 1 as
illustrated in FIG. 1; however, it is not so limited. For
example, the display 35 need not necessarily be a constituent
element of the ultrasound image diagnosis apparatus 1, but
may be provided separately therefrom. Further, the input
circuit 36 may be a touch panel displayed on a separate
display.

[0041] The communication control circuit 37 enables the
ultrasound image diagnosis apparatus 1 to communicate
with, for example, medical image diagnosis apparatuses
(modalities), servers, medical image processing apparatuses,
and the like (not illustrated) each connected to a communi-
cation network (not illustrated). Information and medical
images exchanged between the communication control cir-
cuit 37 and other devices via the communication network
may be in conformity with any standard such as digital
imaging and communication in medicine (DICOM) or the
like. The connection to the communication network or the
like may be either wired or wireless.

[0042] The memory circuit 38 is formed of, for example,
a semiconductor or a magnetic disk. The memory circuit 38
stores programs to be executed by the control circuit 39 and
data.

[0043] The control circuit 39 comprehensively controls
each part of the ultrasound image diagnosis apparatus 1. The
control circuit 39 causes the display 35 to display the
ultrasound image generated by the image processing circuit
34. Besides, the control circuit 39 controls the timing
detector 5 to detect R waves based on ECG waveforms
received from the biological signal measuring device 4.

[0044] The biological signal measuring device 4 has the
function of measuring the ECG waveform of a subject H
indicated by a broken line in FIG. 1. The timing detector 5
detects R waves based on the subject H and the ECG
waveform received from the biological signal measuring
device 4. The internal configurations of the biological signal
measuring device 4 and the timing detector 5 are illustrated
in FIG. 2.
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[0045] FIG. 2 is a functional block diagram illustrating the
internal configuration of each of the biological signal mea-
suring device 4 and the timing detector 5 according to the
embodiment. The biological signal measuring device 4
includes measuring electrodes (not illustrated in FIG. 2), a
multiplexer 41, an amplifier circuit 42, a filter 43, and an
analog-to-digital (A/D) converter 44.

[0046] The measurement electrodes are placed on the
body surface of the subject H to detect the ECG waveform.
In the example of FIG. 2, three measurement electrodes are
placed on the subject H; however, the number of measure-
ment electrodes placed on the subject H is not particularly
limited.

[0047] ECG waveforms measured at three positions of the
subject H are sent from the measuring electrodes to the
multiplexer 41. Having received a plurality of signals, the
multiplexer 41 outputs them as one signal. In FIG. 2, the
multiplexer 41 is indicated as “MUX".

[0048] The amplifier circuit 42 amplifies the ECG wave-
form output from the multiplexer 41 to a predetermined
amplitude. In FIG. 2, the amplifier circuit 42 is indicated as
“AMP”. The filter 43 is set to emphasize R waves in all the
waves present in the ECG waveform. The A/D converter 44
converts the ECG waveform, which has passed through the
filter 43, into a digital signal. The A/D converter 44 is
indicated as “ADC” in FIG. 2.

[0049] The ECG waveform output from the A/D converter
44 is input to the display 35. Having received the ECG
waveform (electrocardiogram) from the biological signal
measuring device 4, the display 35 displays it under the
control of the control circuit 39. As illustrated in FIG. 2, the
ECG waveform output from the A/D converter 44 is also
input to the timing detector 5.

[0050] The timing detector 5 is configured to detect an R
wave as a trigger for determining the time phase of the heart
from the ECG waveform. As can be seen in the overall
configuration illustrated in FIG. 1, the timing detector 5 is
connected to the subject H and the biological signal mea-
suring device 4. Specifically, as illustrated in FIG. 2, the
timing detector 5 receives ECG waveforms from the subject
H, and also the ECG waveform sent from the biological
signal measuring device 4 to the display 35.

[0051] The timing detector 5 includes measurement elec-
trodes (not illustrated in FIG. 2). The timing detector 5 also
includes a multiplexer 51, an amplifier circuit 52, a filter 53,
an ECG waveform receiving circuit 54, and a comparator 55
on a path of signals sent from the measurement electrodes.
The timing detector 5 further includes a first waveform
storage circuit 561 which is fed with the ECG waveform
output from the A/D converter 44, a second waveform
storage circuit 562 which is fed with an ECG waveform
output from the ECG waveform receiving circuit 54, and a
threshold value determining circuit 6 which is fed with the
ECG waveform from each of the first waveform storage
circuit 561 and the second waveform storage circuit 562 on
a path of a determined threshold value for R wave detection
trigger sent to the comparator 55. The threshold value for R
wave detection trigger output from the threshold value
determining circuit 6 is input to the comparator 55.

[0052] The measurement electrodes are placed on the
body surface of the subject H to detect the ECG waveform.
Although three measurement electrodes are placed on the
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subject H in the example of FIG. 2, the number of measure-
ment electrodes placed on the subject H is not particularly
limited as described above.

[0053] In FIG. 2, the measurement electrodes of the bio-
logical signal measuring device 4 and those of the timing
detector 5 are separately placed on the subject H, and the
biological signal measuring device 4 and the timing detector
5 separately acquire ECG waveforms. However, this is just
for the sake of convenience of illustration. It suffices if the
biological signal measuring device 4 and the timing detector
5 can perform processing on the same ECG waveforms
received from the subject H.

[0054] ECG waveforms measured at three positions of the
subject H are sent from the measuring electrodes to the
multiplexer 51. Having received a plurality of signals, the
multiplexer 51 outputs them as one signal. In FIG. 2, the
multiplexer 51 is indicated as “MUX".

[0055] The amplifier circuit 52 amplifies the ECG wave-
form output from the multiplexer 51 to a predetermined
amplitude. In FIG. 2, the amplifier circuit 52 is indicated as
“AMP”. The filter 53 is set to emphasize R waves in all the
waves present in the ECG waveform. FIG. 3 is a waveform
chart illustrating waveforms output from the filter 53 in the
timing detector 5 of the embodiment.

[0056] In the waveform chart of FIG. 3, the vertical axis
represents the normalized amplitude, and the horizontal axis
represents the time (sec). The waveform chart illustrates five
ECG waveforms each consisting of five waves: P wave, Q
wave, R wave, S wave, and T wave. There is no character-
istic wave in the five ECG waveforms, and it can be said that
the ECG waveforms are quite normal.

[0057] The R wave is the highest peak in each of the ECG
waveforms. As described above, the timing detector 5
detects R waves to detect the interval between two adjacent
R waves as one heartbeat.

[0058] Incidentally, ECG waveforms output from the bio-
logical signal measuring device 4 can be illustrated similarly
to the waveform chart illustrated in FIG. 3. Hereinafter, the
ECG waveform output from the biological signal measuring
device 4 and the waveform output from the filter 53 of the
timing detector 5 illustrated in the waveform chart of FIG.
3 are referred to as “first waveform” as appropriate.
[0059] The ECG waveform receiving circuit 54 is a so-
called full-wave rectifier circuit, and outputs the absolute
value of the ECG waveform received.

[0060] FIG. 4 is a waveform chart illustrating waveforms
output from the ECG waveform receiving circuit 54 in the
timing detector 5 of the embodiment. In the waveform chart
of FIG. 4, the vertical axis represents the amplitude indi-
cated by the normalized absolute value (normalized absolute
amplitude), and the horizontal axis represents the time (sec).
Having passed through the ECG waveform receiving circuit
54, the ECG waveform is full-wave rectified into a wave-
form as illustrated in the waveform chart of FIG. 4.
[0061] The comparator 55 compares two input signals and
outputs the result. One of the input signals is the ECG
waveform which has been full-wave rectified in the ECG
waveform receiving circuit 54, and the other is the threshold
value for R wave detection trigger which is an output signal
from the threshold value determining circuit 6. FIG. 5
illustrates an R wave detection trigger output from the
comparator 5.

[0062] FIG. 5 is a waveform chart illustrating waveforms
output in the end from the timing detector 5 of the embodi-
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ment. In the waveform chart of FIG. 5, the vertical axis
represents the R wave trigger, and the horizontal axis
represents the time (sec). The waveform chart of FIG. 5
illustrates the waveform used as an R wave detection trigger
output from the comparator 55.

[0063] The waveform output from the ECG waveform
receiving circuit 54 illustrated in FIG. 4 is hereinafter
referred to as “second waveform” as appropriate. Besides,
the waveform used as an R wave detection trigger output
from the comparator 55 illustrated in FIG. 5 is hereinafter
referred to as “third waveform™ as appropriate.

[0064] As described above, the ECG waveform output
from the biological signal measuring device 4 is sent to the
display 35 to be displayed thereon. The ECG waveform is
also sent to the timing detector 5. The timing detector 5
determines a final threshold value for R wave detection
trigger based on the ECG waveform received from the
biological signal measuring device 4.

[0065] The first waveform output from the biological
signal measuring device 4 is sent to the first waveform
storage circuit 561 to be stored therein. The heart rate is
calculated in the process of determining the final threshold
value for R wave detection trigger. The first waveform
stored in the first waveform storage circuit 561 is used for
the calculation. Accordingly, the first waveform is sent from
the first waveform storage circuit 561 to the threshold value
determining circuit 6.

[0066] The second waveform output from the ECG wave-
form receiving circuit 54 is sent to the second waveform
storage circuit 562 to be stored therein. The second wave-
form stored in the second waveform storage circuit 562 is
used to set a threshold value used for determining the final
threshold value for R wave detection trigger. Accordingly,
the second waveform is sent from the second waveform
storage circuit 562 to the threshold value determining circuit
6.

[0067] The threshold value determining circuit 6 is con-
figured to determine a threshold value for R wave detection
trigger for detecting R waves present in the ECG waveform.
FIG. 6 is a functional block diagram illustrating the internal
configuration of the threshold value determining circuit 6 of
the embodiment. The threshold value determining circuit 6
includes a first receiving circuit 61, a heart rate calculating
circuit 62, a second receiving circuit 63, a threshold value
setting circuit 64, a comparing/determining circuit 65, and a
transmitting circuit 66.

[0068] The first receiving circuit 61 receives ECG wave-
forms from the biological signal measuring device 4 via the
first waveform storage circuit 561. The heart rate calculating
circuit 62 calculates the heart rate based on the ECG
waveforms received from the first receiving circuit 61.
[0069] The heart rate calculating circuit 62 calculates the
heart rate because the heart rate is used for comparison when
the comparing/determining circuit 65 determines the thresh-
old value for R wave detection triggering (described later).
The heart rate calculating circuit 62 calculates the heart rate
based on the ECG waveforms output from the biological
signal measuring device 4 and stored in the first waveform
storage circuit 561.

[0070] FIG. 7 is an explanatory diagram for explaining the
process of calculating the heart rate in the embodiment. The
heart rate calculating circuit 62 performs calculation using
the autocorrelation to obtain the heart rate from the number
of peaks of the waveform. Specifically, referring to the
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waveform chart of FIG. 7, there are 11 peaks (each sur-
rounded by a circle) in the waveform illustrated in FIG. 7.
With this, the heart rate can be calculated as (11+1)/2=<6".
Hereinafter, the heart rate calculated by the heart rate
calculating circuit 62 is referred to as “reference value” as
appropriate. This is because the calculated heart rate corre-
sponds to a reference heart rate for determining the threshold
value for R wave detection trigger as described above.

[0071] The heart rate calculating circuit 62 calculates the
heart rate used as a reference value based on, for example,
five ECG waveforms most recently stored in the first wave-
form storage circuit 561 before calculating the heart rate. In
other words, the heart rate used as a reference value to
determine the threshold value for R wave detection trigger
1s calculated using five ECG waveforms previous to the one
to which the determined threshold value is applied.

[0072] That is, for example, upon determining a threshold
value for R wave detection trigger to detect the timing of R
waves in the ECG waveform of the sixth beat, the heart rate
calculating circuit 62 calculates the heart rate using the ECG
waveforms of the first to fifth beats. Then, upon determining
a threshold value for R wave detection trigger to detect the
timing of R waves in the ECG waveform of the seventh beat,
the heart rate calculating circuit 62 calculates the heart rate
using the ECG waveforms of the second to sixth beats.

[0073] In this manner, the heart rate calculating circuit 62
calculates the heart rate while sequentially moving ECG
waveforms to be used. That is, when calculating the heart
rate used as a reference value, the heart rate calculating
circuit 62 uses past (previous) ECG waveforms stored in the
first waveform storage circuit 561. The use of past ECG
waveforms is intended to increase the accuracy of the
threshold value for R wave detection trigger to be deter-
mined to thereby increase the precision of R wave detection
while fulfilling the demand that R waves as a reference of
one heartbeat be detected in real time.

[0074] It is not that the heart rate calculating circuit 62
calculates the heart rate only when the first waveform
storage circuit 561 stores a plurality of ECG waveforms
from the biological signal measuring device 4. It just means
that most recent ECG waveforms are used to calculate the
heart rate for determining the threshold value for R wave
detection trigger at a “certain time point”. In other words, it
is not that the heart rate is calculated after the first waveform
storage circuit 561 is fed with a plurality of ECG waveforms
from the biological signal measuring device 4, and then the
threshold value for R wave detection trigger is determined.

[0075] The threshold value setting circuit 64 sets a thresh-
old value. Specifically, having received an ECG waveform
from the ECG waveform receiving circuit 54 via the second
waveform storage circuit 562, the second receiving circuit
63 sends the ECG waveform (second waveform) to the
threshold value setting circuit 64. As described above, the
threshold value setting circuit 64 sets the threshold value
based on the second waveform.

[0076] In this manner, the threshold value setting circuit
64 sets a threshold value based on the second waveform sent
from the second waveform storage circuit 562. This is to
adjust the timing with the process performed by the heart
rate calculating circuit 62 to set a “reference value” based on
the first waveform sent from the first waveform storage
circuit 561. Therefore, as in the process of setting the
reference value, the threshold value setting circuit 64 sets the
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threshold value using past (previous) ECG waveforms
stored in the second waveform storage circuit 562.

[0077] As described above, the heart rate calculating cir-
cuit 62 outputs the reference value to the comparing/deter-
mining circuit 65. Further, the threshold value setting circuit
64 outputs the threshold value to the comparing/determining
circuit 65. The comparing/determining circuit compares the
calculated heart rate (reference value) with the number of R
wave detection triggers detected using the set threshold
value, and determines whether they match.

[0078] Although details are described later, there are a
range of threshold values at which the number of R wave
detection triggers matches the reference value. Accordingly,
the comparing/determining circuit 65 determines that the
number of R wave detection triggers matches the reference
value between the lower limit threshold value (hereinafter
referred to as “lower limit value™ as appropriate) and the
upper limit threshold value (hereinafter referred to as “upper
limit value” as appropriate) at which the number of R wave
detection triggers matches the reference value.

[0079] Since there are a range of threshold values as
described above, the comparing/determining circuit 65
needs to determine a threshold value for R wave detection
trigger suitable for the comparator 55 to output an R wave
detection trigger. The comparing/determining circuit 65
determines a threshold value for R wave detection trigger
based on the upper limit value and the lower limit value, and
outputs it to the comparator 55 via the transmitting circuit
66.

[0080] On the other hand, when the number of R wave
detection triggers does not match the reference value, the
comparing/determining circuit 65 sends a signal indicating
the mismatch to the threshold value setting circuit 64.
Having received the signal from the comparing/determining
circuit 65, the threshold value setting circuit 64 sends a new
threshold value to the comparing/determining circuit 65.

[0081] Although the comparing/determining circuit 65
seems to serve a similar role as the comparator 55, their roles
are different. That is, the comparing/determining circuit 65
has a function of comparing the number of R wave detection
triggers with the reference value detected using the set
threshold value. The threshold value output from the com-
paring/determining circuit 65 via the transmitting circuit 66
is a threshold value for R wave detection trigger determined
so that the number of R wave detection triggers matches the
reference value. Meanwhile, the comparator 55 is fed with
the waveform output from the ECG waveform receiving
circuit 54 and the threshold value for R wave detection
trigger output from the threshold value determining circuit 6
and compares them. As a result, the comparator 55 outputs
the R wave detection trigger as illustrated in FIG. 5.

[0082] Next, a detailed description is given of the pro-
cessing function of the heart rate calculating circuit 62, the
threshold value setting circuit 64, and the comparing/deter-
mining circuit 65 to determine the threshold value to be
output to the comparator 55.

[0083] As described above, the comparing/determining
circuit 65 compares the calculated heart rate (reference
value) with the number of R wave detection triggers
detected using the set threshold value, and determines
whether they match. Specifically, the determination process
proceeds as follows. First, when the heart rate (reference
value) is obtained by the heart rate calculating circuit 62, the
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comparing/determining circuit 65 stores the reference value
received from the heart rate calculating circuit 62.

[0084] Then, the threshold value setting circuit 64 sets a
threshold value. The threshold value setting circuit 64 sets a
threshold necessary for the determination process in coop-
eration with the comparing/determining circuit 65 until the
comparing/determining circuit 65 determines a final thresh-
old value for R wave detection trigger to be output to the
comparator 55.

[0085] Accordingly, at the start of the process of deter-
mining a threshold value for R wave detection trigger, the
threshold value setting circuit 64 sets an initial threshold
value. The threshold value setting circuit 64 sets the initial
threshold value based on a signals received from the ECG
waveform receiving circuit 54 and the second waveform
storage circuit 562. Therefore, the threshold value set here
by the threshold value setting circuit 64 is not a threshold
value that reflects the result determined by the comparing/
determining circuit 65.

[0086] Note that since this threshold value is used to detect
R waves, a value that can detect all of various waves present
in the ECG waveform such as P waves, R waves, T waves
is not appropriate. Therefore, a value at which P waves and
the R waves are detected is set as the initial threshold value.
[0087] FIG. 8 is an example of a waveform chart for
explaining the process of determining a threshold value for
R-wave detection trigger in the embodiment. FIGS. 8 to 12
illustrate the waveform (second waveform) output from the
ECG waveform receiving circuit 54. In the waveform charts
of FIGS. 8 to 12, the vertical axis represents the amplitude
indicated by the normalized absolute value (normalized
absolute amplitude), and the horizontal axis represents the
time (sec). In FIG. 8, R waves have the highest amplitude,
and P waves, each occurring before an R wave, have the next
highest amplitude.

[0088] InFIG. 8, the threshold value set as the initial value
by the threshold value setting circuit 64 is indicated by a
one-dot chain line. As described above, it suffices if the
threshold value is set within a range necessary for detecting
R waves. In the example of FIG. 8, the initial value is set to
around where the amplitude exceeds 0.5. Then, the threshold
value is increased as indicated by a large arrow in FIG. 8 to
figure out the upper limit and lower limit of the threshold
value at which the number of R wave detection triggers
matches the reference value. Setting of such an initial value
can prevent the detection of other waves than P waves and
R waves such as, for example, T waves.

[0089] The initial threshold value set by the threshold
value setting circuit 64 is sent to the comparing/determining
circuit 65. Thus, the comparing/determining circuit 65
receives the reference value from the heart rate calculating
circuit 62 and the threshold value from the threshold value
setting circuit 64. In the following, an example is described
in which the heart rate calculating circuit 62 obtains “6” as
the heart rate based on the waveform illustrated in FIG. 7.
[0090] As described above, the initial threshold value is
indicated by a one-dot chain line in FIG. 8. With reference
to the initial threshold value, there are “12” peaks in the
waveform. The comparing/determining circuit 65 counts the
number of peaks using the set threshold value. The number
of peaks thus counted using the set threshold value corre-
sponds to the number of R wave detection triggers.

[0091] In the waveform chart of FIG. 8, it is understood
that the number of peaks counted using the set threshold
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value includes P waves as well as R waves. However, the
comparing/determining circuit 65 does not count the number
of peaks while regarding each of them as an R wave or a P
wave. Therefore, the number of peaks including P waves is
herein referred to as “the number of R wave detection
triggers”.

[0092] The comparing/determining circuit 65 compares
the number of R wave detection triggers “12” with the
reference value “6”. In this case, the number of R wave
detection triggers (12) does not match the reference value
(6), and it means that other waves than R waves have also
been detected. Accordingly, the comparing/determining cir-
cuit 65 instructs the threshold value setting circuit 64 to set
a threshold value again.

[0093] According to the instruction from the comparing/
determining circuit 65, the threshold value setting circuit 64
changes the threshold value set as the initial value to set
another threshold value. In this case, the amplitude set as the
threshold value is increased to set a new threshold value.
[0094] Then, the threshold value setting circuit 64 sends
the new threshold value to the comparing/determining cir-
cuit 65. The comparing/determining circuit 65 compares the
new threshold value with the reference value, and deter-
mines whether the number of R wave detection triggers
matches the reference value.

[0095] Having determined that the number of R wave
detection triggers does not match the reference value, the
comparing/determining circuit instructs the threshold value
setting circuit 64 to set a new threshold value as described
above. At this time, the comparing/determining circuit 65
may also instruct the threshold value setting circuit 64 as to
how much the amplitude indicated by the threshold value
needs to be increased. This process is repeated until the
number of R wave detection triggers matches the reference
value.

[0096] In the waveform chart of FIG. 9, the threshold
value is set at the position of the highest peak indicated by
a circle and an arrow among those identified as P waves.
Since the threshold value is set at the position of the highest
P wave, P waves lower than the highest one are present
below the threshold value.

[0097] Inthis manner, if the threshold value is set such that
only R waves have higher amplitude than the threshold
value, the number of peaks that the comparing/determining
circuit 65 counts as the number of R wave detection triggers
matches the reference value. That is, if the threshold value
is set like this, P waves are prevented from being included
in R wave detection triggers, and R waves (the same number
of R waves as the reference value) can be accurately
detected.

[0098] 1Inthe process of determining the threshold value as
described above, the comparing/determining circuit 65
stores a threshold value at which the number of R wave
detection triggers matches the reference value first. This
threshold value corresponds to the “lower limit value”
mentioned above. Then, the comparing/determining circuit
65 instructs the threshold value setting circuit 64 to set a new
threshold value. The threshold value setting circuit 64 sets a
threshold value according to the instruction, and sends it to
the comparing/determining circuit 65.

[0099] When the comparing/determining circuit 65 com-
pares the number of R wave detection triggers with the
reference value using threshold values further set above the
lower limit value, the number of R wave detection triggers
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keeps matching the reference value for a while. FIG. 10
illustrates this state using a waveform chart. In FIG. 10, the
set threshold value is indicated by a one-dot chain line, and
the lower limit value is indicated by a solid line. The number
of R wave detection triggers counted using the threshold
value of FIG. 10 is “6”, which matches the reference value.

[0100] In the process in which the threshold value setting
circuit 64 sets a threshold value and sends it to the compar-
ing/determining circuit 65, and the comparing/determining
circuit 65 compares the number of R wave detection triggers
with the reference value, the threshold value is set at the
position of the lowest peak among those identified as R
waves in due course. FIG. 11 illustrates this state using a
waveform chart.

[0101] FIG. 11 illustrates a state where a threshold value
is set at the position of the lowest R wave among those
having various peak values. The peak of the lowest R wave
is indicated by a circle and an arrow. When the threshold
value is set to a value higher than this value, the number of
peaks counted as the number of R wave detection triggers
becomes “5” or less, which does not match the reference
value. The comparing/determining circuit 65 stores this
threshold value as “upper limit value”.

[0102] That is, the lower limit of the threshold value
corresponds to the peak of the highest P wave acquired so
far. This is because if the threshold value is set lower than
the peak value, P waves are also detected. On the other hand,
the upper limit corresponds to the peak of the lowest R wave
acquired so far in a certain cycle. This is because if the
threshold value is set higher than the peak value, some of R
waves cannot be detected. Such setting the threshold value
enables the reliable detection of R waves while preventing
P waves from being detected.

[0103] The comparing/determining circuit 65 obtains the
upper limit and lower limit of the threshold value at which
the number of R wave detection triggers matches the refer-
ence value, and determines the midpoint value between
them as a threshold value. FIG. 12 illustrates this state using
a waveform chart. In FIG. 12, the lower limit value and the
upper limit value are indicated by solid lines, and the
midpoint value is indicated by a broken line. This threshold
value indicated by a broken line is the threshold value for R
wave detection trigger determined by the threshold value
determining circuit 6. Having determined the threshold
value for R wave detection trigger, the threshold value
determining circuit 6 sends it to the comparator 55 via the
transmitting circuit 66.

[0104] In the process of determining the threshold value,
the lower limit value and the upper limit value are obtained,
and then the midpoint value is determined as the threshold
value. However, the threshold value for R wave detection
trigger need not always be the midpoint value between the
lower limit value and the upper limit value. The threshold
value for R wave detection trigger may be determined in an
arbitrary manner as long as it is determined so that R waves
can be reliably detected by the comparator 55.

[0105] Each time having output the determined threshold
value for R wave detection trigger to the comparator 55, the
threshold value determining circuit 6 is fed with a waveform
from the first waveform storage circuit 561 and the second
waveform storage circuit 562 (hereinafter collectively
referred to as “waveform storage circuit 56” when their
functions can be collectively described).
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[0106] That is, the threshold value determining circuit 6 is
not always fed with a waveform from the waveform storage
circuit 56, but receives no input therefrom while the com-
paring/determining circuit 65 is performing the process of
comparing the number of R wave detection triggers with the
reference value using the set threshold value and determin-
ing the threshold value for R wave detection trigger.
[0107] The control circuit 39 calculates the reference
value, and determines whether to send data required to set a
threshold value necessary for detecting the number of R
wave detection triggers from the waveform storage circuit
56 to the threshold value determining circuit 6. In FIG. 2,
arrows pointing to the first waveform storage circuit 561 and
the second waveform storage circuit 562 of the timing
detector 5 indicate input of signals from the control circuit
39.

[0108] The threshold value for R wave detection trigger to
detect R waves in the ECG waveform is described as being
determined by the threshold value determining circuit 6;
however, it need not necessarily be determined by the
threshold value determining circuit 6, but may be deter-
mined by the control circuit 39 using, for example, its
threshold value determination function.

[0109] In this case, the threshold value determination
function of the control circuit 39 can be realized by, for
example, a computer program that is stored in a predeter-
mined memory, the memory circuit 38, or the like and
executed by a processor. The term “processor” as used
herein refers to a circuit such as, for example, a dedicated or
general central processing unit (CPU) arithmetic circuit
(circuitry), an application specific integrated circuit (ASIC),
a programmable logic device such as a simple program-
mable logic device (SPLD) and a complex programmable
logic device (CPLD), a field programmable gate array
(FPGA), or the like.

[0110] The processor reads out, for example, a program
stored in the memory circuit 38 or directly incorporated in
the circuit of the processor and executes it, thereby realizing
the function. Each processor may be provided with a record-
ing circuit for storing the program. The recording circuit
may store, for example, a program corresponding to the
functions of the signal processing circuit 33 illustrated in
FIG. 1, and may have the configuration of the memory
circuit 38 illustrated in FIG. 1. The memory circuit is formed
of a storage device, examples of which include a semicon-
ductor memory such as a general random access memory
(RAM) and a magnetic disk such as a hard disc drive (HDD).

[Operation]

[0111] Next, with reference to FIGS. 13 and 14, a descrip-
tion is given of the operation of the threshold value deter-
mining circuit 6 to determine a threshold value for R wave
detection trigger. FIGS. 13 and 14 are flowcharts illustrating
the operation of the threshold value determining circuit 6 to
determine a threshold value for R wave detection trigger
according to the embodiment. The following process of
determining a threshold value is performed for each heart-
beat. When a threshold value is determined for one heart-
beat, the process is repeated from the beginning.

[0112] First, the heart rate calculating circuit 62 calculates
the heart rate (ST1). As described above, the heart rate
calculating circuit 62 calculates the heart rate based on ECG
waveforms output from the biological signal measuring
device 4 and stored in the first waveform storage circuit 561.
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The heart rate calculating circuit 62 sends the obtained heart
rate to the comparing/determining circuit 65. The compar-
ing/determining circuit 65 stores the heart rate as a reference
value (ST2).

[0113] Meanwhile, the threshold value setting circuit 64
sets a threshold value using the second waveform received
from the ECG waveform receiving circuit 54 through the
second waveform storage circuit 562 (ST3). This threshold
value set by the threshold value setting circuit 64 is an initial
threshold value.

[0114] The comparing/determining circuit 65 detects the
number of R wave detection triggers using the threshold
value sent from the threshold value setting circuit 64 (ST4).
Then, the comparing/determining circuit 65 compares the
number of R-wave detection triggers with the stored refer-
ence value (ST5).

[0115] Having determined that the number of R wave
detection triggers does not match the reference value as a
result of the comparison (NO in ST6), the comparing/
determining circuit 65 instructs the threshold value setting
circuit 64 to set a new threshold value. The threshold value
setting circuit 64 increases the threshold value to set a new
threshold value according to the instruction (ST7).

[0116] The threshold value setting circuit 64 sends the new
threshold value to the comparing/determining circuit 65.
The comparing/determining circuit 65 detects again the
number of R wave detection triggers using the new threshold
value (ST4), and compares the number of R wave detection
triggers with the reference value (ST5). The comparing/
determining circuit 65 repeats this process until the number
of R wave detection triggers matches the reference value.
[0117] Having determined that the number of R wave
detection triggers matches the reference value (YES in ST6),
the comparing/determining circuit 65 stores the threshold
value at which the number of R wave detection triggers
matches the reference value as the lower limit value (ST8 in
FIG. 14).

[0118] Then, the comparing/determining circuit 65 con-
tinues the process of determining whether the number of R
wave detection triggers matches the reference value.
Accordingly, the threshold value setting circuit 64 further
increases the threshold value to set a new threshold value
(ST9), and sends it to the comparing/determining circuit 65.
[0119] The comparing/determining circuit 65 detects the
number of R wave detection triggers using the new threshold
value (ST10), and compares the number of R wave detection
triggers with the reference value (ST11). Having determined
that the number of R wave detection triggers matches the
reference value as a result of the comparison (YES in ST12),
the comparing/determining circuit 65 instructs the threshold
value setting circuit 64 to increase the threshold value to set
anew threshold value. The threshold value setting circuit 64
sets a new threshold value according to the instruction (ST9
in FIG. 13).

[0120] When the number of R wave detection triggers no
longer matches the reference value (NO in ST12), the
comparing/determining circuit 65 stores the threshold value
at which the number of R wave detection triggers matches
the reference value as the upper limit value (ST13).

[0121] Thereafter, the comparing/determining circuit 65
determines a threshold value for R wave detection trigger
using the lower limit value and the upper limit value, and
outputs it to the comparator 55 (ST14). With this, the
threshold value determining circuit 6 completes the process
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of determining a threshold value for R wave detection
trigger to be used in the comparator 55.

[0122] Through the process as described above, it is
possible to reliably detect R waves in the ECG waveform
used as a trigger for determining the phase of the heart cycle
while reducing erroneous detection.

[0123] In particular, when the heart rate calculating circuit
62 calculates the heart rate used as a reference value, and
also when the threshold value setting circuit 64 sets a
threshold value for R wave detection trigger, they use past
data stored in the waveform storage circuit 56 immediately
before the calculation. Thereby, a highly accurate threshold
value for R wave detection trigger can be set taking into
account the real time property.

(Modification)

[0124] The operation of the threshold value setting circuit
64 to set a threshold value for R wave detection trigger is
described above assuming that the same waveform is peri-
odically received from the subject. ECG waveforms output
from the biological signal measuring device 4 and the timing
detector 5 are intended to display signals received from the
subject as an electrocardiogram.

[0125] For example, if the subject moves or an irregular
heartbeat or the like occurs during measurement, the move-
ment may produce changes in first waveform and second
waveform. The use of these waveforms may cause noise,
resulting in affecting the determination of the final threshold
value for R wave detection trigger. Therefore, in the process
of determining a threshold value for R wave detection
trigger described below, such a cause of noise is eliminated
in advance.

[0126] FIGS. 15 and 16 are flowcharts illustrating the
operation of the threshold value determining circuit 6 to
determine a threshold value for R wave detection trigger
according to a modification of the embodiment. In the
modification, the threshold value determining circuit 6
checks whether the waveform contains noise before deter-
mining a threshold value for R wave detection trigger
(ST21).

[0127] Specifically, the heart rate calculating circuit 62
checks whether first waveforms stored in the first waveform
storage circuit 561 include an irregular waveform having no
periodicity. The term “noise” as used herein refers to a
waveform that has no periodicity due to the body movement,
irregular heartbeat, or the like of the subject. Besides, the
threshold value setting circuit 64 checks whether second
waveforms stored in the second waveform storage circuit
562 include an irregular waveform having no periodicity.
[0128] Having determined that either or both of the first
waveform storage circuit 561 and the second waveform
storage circuit 562 store an irregular waveform (YES in
ST21), the heart rate calculating circuit 62 does not newly
calculate the heart rate, and the threshold value setting
circuit 64 does not set a threshold value.

[0129] Having been informed of this, the comparing/
determining circuit 65 outputs again the previous threshold
value for R wave detection trigger, which has been sent from
the threshold value determining circuit 6 to the comparator
55, to the comparator 55 (ST22). That is, as illustrated in
FIG. 16, the process ends without the process of determining
a threshold value for R wave detection trigger described
with reference to FIGS. 13 and 14.
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[0130] As described above, the threshold value determin-
ing circuit 6 checks whether the waveform, which is used for
setting a threshold value for detecting the heart rate used as
a reference value and the number of R wave detection
triggers, contains noise before determining the threshold
value for R wave detection trigger. Thereby, the threshold
value determining circuit 6 can output a more accurate
threshold value to the comparator 55.

[0131] Thus, according to at least one embodiment
described above, it is possible to reliably detect R waves in
the ECG waveform used as a trigger for determining the
phase of the heart cycle while reducing erroneous detection.
[0132] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:
1. An electrocardiographic (ECG) waveform timing
detector, comprising processing circuitry configured to:

receive an ECG waveform obtained by measuring a
subject;

calculate heart rate based on the ECG waveform;

set a threshold value;

compare the heart rate with the number of R wave
detection triggers detected using the threshold value to
determine a threshold value for R wave detection
trigger; and

compare the ECG waveform with the threshold value for
R wave detection trigger to output an R wave detection
trigger.

2. The ECG waveform timing detector of claim 1, wherein
the processing circuitry is further configured to determine
the threshold value for R wave detection trigger based on
lower limit and upper limit of the threshold value at which
the heart rate and the number of R wave detection triggers
match.

3. The ECG waveform timing detector of claim 2, wherein
the processing circuitry is further configured to determine a
midpoint value between the lower limit and the upper limit
as the threshold value for R wave detection trigger.

4. The ECG waveform timing detector of claim 1, wherein
the processing circuitry is further configured to increase the
threshold value to set a new threshold value when the heart
rate and the number of R wave detection triggers do not
match.

5. The ECG waveform timing detector of claim 1, wherein
the processing circuitry is further configured to calculate the
heart rate based on a plurality of ECG waveforms obtained
immediately before determining the threshold value for R
wave detection trigger.

6. The ECG waveform timing detector of claim 1, wherein
the processing circuitry is further configured to set the
threshold value based on a plurality of ECG waveforms
received immediately before determining the threshold
value for R wave detection trigger.
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7. The ECG waveform timing detector of claim 1,
wherein, when the ECG waveform is different from previous
BCG waveforms, the processing circuitry does not calculate
the heart rate.

8. The ECG waveform timing detector of claim 2,
wherein, when the ECG waveform is different from previous
ECG waveforms, the processing circuitry does not calculate
the heart rate.

9. The ECG waveform timing detector of claim 3,
wherein, when the ECG waveform is different from previous
ECG waveforms, the processing circuitry does not calculate
the heart rate.

10. The ECG waveform timing detector of claim 4,
wherein, when the ECG waveform is different from previous
ECG waveforms, the processing circuitry does not calculate
the heart rate.

11. The ECG waveform timing detector of claim 5,
wherein, when the ECG waveform is different from previous
ECG waveforms, the processing circuitry does not calculate
the heart rate.

12. The ECG waveform timing detector of claim 6,
wherein, when the ECG waveform is different from previous
ECG waveforms, the processing circuitry does not calculate
the heart rate.

13. The ECG waveform timing detector of claim 7,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

14. The ECG waveform timing detector of claim 8,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

15. The ECG waveform timing detector of claim 9,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

16. The ECG waveform timing detector of claim 10,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

17. The ECG waveform timing detector of claim 11,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

18. The ECG waveform timing detector of claim 12,
wherein, when not calculating the heart rate, the processing
circuitry does not determine the threshold value, and uses
again a previous threshold value for R wave detection
trigger most recently determined.

19. A medical image diagnosis apparatus, comprising
processing circuitry configured to:

receive an ECG waveform obtained by measuring a

subject;

calculate heart rate based on the ECG waveform;

set a threshold value;

compare the heart rate with the number of R wave

detection triggers detected using the threshold value to
determine a threshold value for R wave detection
trigger;
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compare the ECG waveform with the threshold value for
R wave detection trigger to output an R wave detection
trigger; and

generate a desired medical image based on the ECG
waveform and the R wave detection trigger.
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