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rate of Doppler images and M-mode images according to the
heart rate of a test subject. The ultrasonograph includes
means for sending an ultrasonic beam into body tissue, a
means for receiving an ultrasonic signal reflected off the body
tissue and a blood flow, a means for constructing a cross-
sectional image of the body tissue from the received signal, a
means for performing phase detection on an ultrasonic Dop-
pler blood flow signal, a means for calculating a frequency
component of the Doppler blood flow signal, and a means for
performing a sweeping display of the calculated frequency
component as Doppler images in a time series. The ultrasono-
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ULTRASONOGRAPH

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonograph
that measures a blood flow signal in a test subject with use of
an ultrasonic Doppler effect, and in particular to technology
for automatic optimization in the display of Doppler images
and M-mode images in the device.

BACKGROUND ART

[0002] Ultrasonographs that obtain in real-time a blood
flow signal in a test subject with use of an ultrasonic beam
emitted from an ultrasonic probe conventionally have been
used. With such ultrasonographs, depending on the frequency
of the detected signal, there are cases in which aliasing occurs
in an obtained Doppler image, and when such Doppler image
aliasing occurs, it is necessary for an operator to adjust the
pulse repetition frequency according to the blood flow veloc-
ity.

[0003] In view of this, in order to not force the operator to
perform such a troublesome operation, there is known tech-
nology in which by detecting a signal existence region corre-
sponding to a detectable frequency range, the repetition fre-
quency (PRF) of ultrasonic beam transmission/reception and
abaseline position (0 Hz position) are adjusted automatically
so that the Doppler image does not cause aliasing to occur
(e.g., see Patent Document 1).

[0004] In this technology disclosed in Patent Document 1,
first an operation for classifying a Doppler spectrum obtained
by FFT into a “value 0” portion and a “value 1" portion with
use of a threshold value is performed on a certain range of a
Doppler image. Next, a signal existence ratio, that is to say, a
percentage occupied by the signal existence region, is
obtained, and the PRF is set such that the signal existence
ratio is approximately 0.6 to 0.8. Then, a signal existence
region is obtained with respect to a Doppler spectrum
obtained with use of the set PRF by performing a similar
operation, and the baseline position is moved such that the
center of the region in which the signal does not exist moves
towards the edges of the screen.

[0005] On the other hand, technology also has been pro-
posed in which, in the case in which the intensity of the blood
flow signal changes, such as the case in which an ultrasonic
contrast agent is used in blood flow measurement, in order to
optimize the intensity of the obtained blood flow signal, the
level of a signal retrieved from a Doppler signal detection umt
is detected, and the gain of the signal is automatically
adjusted (e.g., see Patent Document 2).

[0006] In this technology disclosed in Patent Document 2,
an appropriate gain value that is in accordance with the signal
level of the Doppler blood flow signal is determined with use
ofatable stored in a storing means such as a ROM in advance,
thus automatically optimizing the gain, which is the lumi-
nance signal of the obtained Doppler image.

[0007] Patent Document 1: JP HO8-308843 A
[0008] Patent Document 2: JP HO8-173426A
DISCLOSURE OF INVENTION
Problem to be Solved by the Invention
[0009] Regarding automation technology related to these

conventional ultrasonographs, the technology disclosed in
Patent Document 1 is for optimization with respect to the flow
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rate axis in a Doppler image, that is to say, the signal in the
direction normally shown as the vertical axis in a Doppler
image, whereas the technology disclosed in Patent Document
2 is for optimization with respect to the axis that corresponds
to the Z axis in a Doppler image and that is in a direction
perpendicular to the Doppler image plane. However, even if
either one of such conventional technology is used, or both
are used at the same time, it is not possible to optimize a
Doppler image with respect to the time axis, that is to say, the
direction of the horizontal axis in a Doppler image (i.e., it is
not possible to set a flow rate desired by the operator).
[0010] Here, regarding the sweep rate of Doppler images
obtained from a Doppler signal, in the case of displaying
Doppler images of a test subject whose heart rate is, for
example, 40 beats per minute, if the sweep rate of the Doppler
images is two seconds per screen, it is only possible to display
images representing approximately 1.3 heart beats in one
screen. This creates a situation in which viewing and making
determinations is difficult for the operator, and it is difficult to
say that this is an optimized situation, that is to say, a situation
in which the sweep rate desired by the operator has been set.
If there is a desire to display images representing even more
heart beats on the screen, it is necessary to perform optimi-
zation by reducing the sweep rate and lengthening the display
time per screen to, for example, approximately four seconds.
[0011] Inthis way, the optimum sweep rate (the sweep rate
desired by the operator) of Doppler images depends on the
heart rate of the test subject, and since of course the heart rate
varies greatly depending on the subject and the state of the
subject at the time of measurement, the operator has needed to
set, on a case-by-case basis, the optimum sweep rate for each
test subject while viewing the Doppler images.

[0012] The present invention has been achieved in order to
solve such conventional problems, and an object thereofis to
provide an ultrasonograph that automatically can optimize
the sweep rate (set the sweep rate to a rate desired by an
operator) of Doppler images and M-mode images according
to the heart rate of a test subject, without requiring the opera-
tor to perform a troublesome operation.

Means for Solving Problem

[0013] Inorder to solve the above issues, an ultrasonograph
of the present invention is an ultrasonograph provided with a
means for sending an ultrasonic beam into body tissue, a
means for receiving an ultrasonic signal that has been
reflected off the body tissue and a blood flow, a means for
constructing a cross-sectional image of the body tissue from
the received ultrasonic signal, a means for performing phase
detection on an ultrasonic Doppler blood flow signal that has
been reflected off the body tissue by the blood flow, a means
for calculating a frequency component of the Doppler blood
flow signal on which phase detection has been performed, and
ameans for performing a sweeping display of the calculated
frequency component as Doppler images in a time series. The
ultrasonograph has a heart rate measuring means for measur-
ing a heart rate of a test subject at a predetermining timing,
and the ultrasonograph includes; an optimum sweep rate cal-
culating means for calculating an optimum sweep rate based
on the heart rate obtained by the heart rate measuring means;
and an optimum sweep rate setting means for setting a sweep
rate of at least either of the Doppler images and M-mode
images.

[0014] According to this configuration, with the ultrasono-
graph according to the present invention, an operator can
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obtain Doppler images and M-mode images at a desired opti-
mum sweep rate without performing a troublesome opera-
tion.

[0015] Also, the ultrasonograph according to the present
invention may further may include: a means for acquiring an
electrocardiographic waveform of the test subject; and an R
wave detecting means for detecting an R wave from the
acquired electrocardiographic waveform, wherein the heart
rate measuring means may have a calculating means for cal-
culating a heart rate per unit time based on a time interval of
the R wave obtained by the R wave detecting means.

[0016] According to this configuration, it is possible to
measure the heart rate to be the reference for calculating the
optimum sweep rate, using the R-wave obtained from the
electrocardiographic waveform, and without use of Doppler
images.

[0017] Also, the ultrasonograph according to the present
invention further may include: a Doppler tracing means for
tracing each maximum flow velocity point in the Doppler
images, wherein the heart rate measuring means may have an
estimating means for estimating a time required for each heart
beat from a Doppler trace waveform obtained by the Doppler
tracing means, and a calculating means for calculating a heart
rate per unit time based on the time required for each heart
beat obtained by the estimating means.

[0018] According to this configuration, it is possible to
measure the heart rate to be the reference for calculating the
optimum sweep rate, using only Doppler images, and without
use of an ECG waveform.

[0019] Furthermore, in the ultrasonograph according to the
present invention, it is preferable that the optimum sweep rate
setting means is realized by a user interface that can be oper-
ated by an operator, and the sweep rate of at least either of the
Doppler images and the M-mode images is optimized due to
the operator operating the user interface.

[0020] According to this configuration, the operator can
obtain Doppler images and M-mode images at a desired opti-
mum sweep rate by operating the user interface.

[0021] Moreover, in the ultrasonograph according to the
present invention, it is preferable that the optimum sweep rate
setting means automatically executes the optimum sweep rate
setting in a case in which a mode including a display of at least
either of the Doppler images and the M-mode images has
been transitioned to.

[0022] According to this configuration, it is possible auto-
matically to obtain Doppler images and M-mode images hav-
ing the optimum sweep rate at the time of mode transition.
[0023] Also, in the ultrasonograph according to the present
invention, the optimum sweep rate setting means may be a
means enabling the operatorto set in advance how many heart
beats are represented by at least either of the Doppler images
and the M-mode images displayed in one screen.

[0024] According to this configuration, the operator inten-
tionally can set how many heart beats are represented by the
Doppler images or M-mode images displayed in one screen.
[0025] Moreover, the ultrasonograph according to the
present invention may include a recording means for record-
ing the Doppler blood flow signal, and after at least either of
the Doppler images and the M-mode images have been fro-
zen, the heart rate measuring means may obtain a heart rate
with use of data recorded by the recording means, and the
sweep rate of at least either of the Doppler images and the
M-mode images may be set.
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[0026] According to this configuration, it is possible to
optimize the sweep rate of Doppler images even after the
Doppler images or the M-mode images have been frozen.

Effects of the Invention

[0027] An ultrasonograph of the present invention con-
stantly can obtain optimum Doppler images by automatically
optimizing the sweep rate of Doppler images based on the
detected heart rate of a test subject, without an operator per-
forming a troublesome operation.

BRIEF DESCRIPTION OF DRAWINGS

[0028] [FIG.1]FIG.1is a block diagram showing relevant
portions of an exemplary configuration of an ultrasonograph
according to Embodiment 1 of the present invention.

[0029] [FIG. 2] FIG. 2 is a block diagram showing a con-
figuration of a processor of the ultrasonograph according to
Embodiment 1 of the present invention.

[0030] [FIG. 3] FIG. 3 is a block diagram showing relevant
portions of an exemplary configuration of an ultrasonograph
according to Embodiment 2 of the present invention.

[0031] [FIG. 4] FIG. 4 is a diagram for describing the flow
of signal processing for displaying an M-mode image.

REFERENCE SIGNS LIST

[0032] 101 probe

[0033] 102 AD converter

[0034] 103 beam former

[0035] 104 detector

[0036] 105 wall filter

[0037] 106 frequency analysis unit

[0038] 121 ECG electrode

[0039] 122 AD converter

[0040] 140 processor

[0041] 141 R-wave detection unit

[0042] 142 Doppler trace calculation unit

[0043] 143 heart rate measurement unit

[0044] 144 sweep rate calculation unit

[0045] 145 sweep rate control unit

[0046] 161 display control unit

[0047] 162 monitor

[0048] 181 optimization button

[0049] 301 data memory

[0050] 302 data memory

[0051] 303 scene memory
DESCRIPTION OF THE INVENTION

[0052] The following describes embodiments of the

present invention with reference to the drawings.

Embodiment 1

[0053] FIG.11is a block diagram showing relevant portions
of an exemplary configuration of an ultrasonograph accord-
ing to Embodiment 1 of the present invention.

[0054] FIG. 1 shows in particular portions of the ultrasono-
graph according to the present invention that are for obtaining
an ultrasonic Doppler signal through displaying it as a Dop-
pler image. Accordingly, a pulse generation circuit or pulsar,
which are means for sending an ultrasonic beam into body
tissue, and a means for constructing a cross-sectional image
of body tissue from an ultrasonic signal that has been reflected
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off the body tissue, have the same configurations as those in a
normal ultrasonograph, and depictions thereof have been
omitted.

[0055] A probe 101 is a means for receiving an ultrasonic
Doppler signal, an AD converter 102 receives the ultrasonic
Doppler signal and converts it into a digital signal, a beam
former 103 performs delay and synthesis on the AD converted
ultrasonic reception signal, a detector 104 is a means for
detecting a Doppler shift component, that is to say, a Doppler
signal phase, from the delayed and synthesized ultrasonic
signal, a wall filter 105 eliminates a wall component in the
Doppler signal, and a frequency analysis unit 106 is a means
for performing frequency analysis on the received signal and
calculating a frequency component of a Doppler blood flow
signal.

[0056] Also, an ECG electrode 121 is ameans for acquiring
an electrocardiogram waveform (ECG waveform) of a living
organism that is the test subject, and an AD converter 122
converts the acquired ECG waveform into a digital signal. A
processor 140 receives a command from a user and deter-
mines an optimum sweep rate for Doppler images. A display
control unit 161 is a means for performing a sweeping display
of the frequency component obtained by the frequency analy-
sis unit 106 and the ECG signal obtained from the AD con-
verter 122, as Doppler images and ECG images respectively
in a time series. A monitor 162 displays the Doppler images
and ECG images, and an optimization button 181 is for being
operated by an operator in order to optimize the sweep rate of
the Doppler images.

[0057] The ultrasonic beam sent by the probe 101 is
reflected within the living organism that is the test subject,
received by the probe 101, and converted into a digital signal
by the AD converter 102. Then, the digital signal is delayed
and synthesized by the beam former 103, and then input to the
detector 104.

[0058] The detector 104 demultiplexes the Doppler signal
using a method known as quadrature detection. The wall filter
105 is a high pass filter, and the wall filter 105 eliminates low
frequency noise (walls) that is generated by body movement
of the test subject and movement of the walls of biological
organs. At a timing notified by the processor 140, the fre-
quency analysis unit 106 calculates frequency components
from the output signal of the wall filter 105 using Fast Fourier
Transformation (FFT), converts the frequency components to
luminance values, and outputs the luminance values to the
display control unit 161 as a Doppler image.

[0059] Meanwhile, an output signal from the ECG elec-
trode 121, which has been mounted so as to be in contact with
the body surface of the test subject, is converted into a digital
signal by the AD converter 122, and output to the display
control unit 161. The display control unit 161 synthesizes the
Doppler image that has been input from the frequency analy-
sis unit 106 and the ECG signal that has been input from the
AD converter 122 in the same time phase, and outputs the
synthesized Doppler image and ECG signal to the monitor
162. The monitor 162 performs a sweeping display of the
Doppler image and the ECG signal that have input thereto.
[0060] Here, the processor 140 internally includes a heart
rate measurement unit 143, which is a calculating means for
calculating a heart rate, and each time the operator depresses
an optimization button 181 (e.g., a button provided on the
console of the ultrasonograph) as a user interface at a prede-
termined timing, the heart rate is measured by the processor
140, or more specifically the heart rate measurement unit 143,
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and the sweep rate of the Doppler images is optimized (set to
the rate desired by the operator). In other words, due to the
depression of the optimization button 181, the processor 140
measures the optimum sweep rate for the Doppler images,
and instructs the frequency analysis unit 106 regarding an
FFT execution timing in order to realize the calculated opti-
mum sweep rate.

[0061] The following describes in detail the configuration
of the processor with reference to FIG. 2. FIG. 2 is a block
diagram showing the configuration of the processor 140.

[0062] An R-wave detection unit 141, which is an R-wave
detecting means, analyzes the ECG waveform that has been
input by the AD converter 122, detects an R-wave in the
waveform, and notifies the detection time to the heart rate
measurement unit 143, which is the calculating means for
calculating a heart rate.

[0063] Then, in the ultrasonograph according to the present
embodiment, in the case of calculating a heart rate per unit
time based on the time interval of the R-wave, the heart rate
that has been calculated based on the notified detection time
is used as the heart rate of the test subject that is to be the
reference for setting the sweep rate of the Doppler images.

[0064] Meanwhile, a Doppler trace calculation unit 142,
which is a Doppler tracing means and also an estimating
means, analyzes the frequency component data of the Dop-
pler signal that has been obtained by the frequency analysis
unit 106, and estimates maximum flow velocity points. By
connecting, that is to say, tracing the estimated maximum
flow velocity points in a time series, the Doppler trace calcu-
lation unit 142 generates a waveform generally known as a
so-called Doppler trace waveform, and outputs the waveform
to the heart rate measurement unit 143, which is the calculat-
ing means.

[0065] Then, in the ultrasonograph according to the present
embodiment, in the case of estimating and calculating the
time required for each heart beat from the Doppler trace
waveform, the heart rate that has been calculated based on the
notified detection time is used as the heart rate of the test
subject that is to be the reference for setting the sweep rate of
the Doppler images.

[0066] The heart rate measurement unit 143, which is the
heart rate measuring means, calculates a heart rate per unit
time of the test subject with use of either the R-wave detection
time obtained by the R-wave detection unit 141 or the Dop-
pler trace waveform obtained by the Doppler trace calculation
unit 142, and notifies the obtained heart rate to a sweep rate
calculation unit 144, which is an optimum sweep rate calcu-
lating means.

[0067] Note that the operator presets whether the R-wave
detection time or the Doppler trace waveform is to be used in
order to calculate the heart rate. Also, the operator sets in the
processor 140, in advance, how many heart beats are repre-
sented by Doppler images displayed in one screen of the
monitor 162.

[0068] The sweep rate calculation unit 144 determines the
FFT execution cycle of the frequency analysis unit 106
through the expression (NxT)/W, where N is the heart rate to
be displayed in one screen that has been set in advance by the
operator (the heart rate that is desired by the operator and is to
be displayed in one screen according to the sweep rate), W is
the width of one screen (number of dots), and T is the time
required for one heart beat measured by the heart rate mea-
surement unit 143.



US 2014/0163381 Al

[0069] A sweep rate control unit 145, which is an optimum
sweet rate setting means, instructs the frequency analysis unit
106 to execute the FFT at the FFT execution cycle calculated
by the sweep rate calculation unit 144.

[0070] Forexample, in the case in which the heart rate to be
displayed in one screen is two heart beats, the width of one
screen is 500 dots, and the time required for one heart beat is
one second, the frequency analysis unit 106 executes the FFT
ata cycle of 4 ms.

[0071] Note that in the ultrasonograph according to the
present embodiment, a Doppler image generated by one
instance ofthe FFT is rendered on a one-dot vertical line in the
screen of the monitor 162.

[0072] Also, with the ultrasonograph according to the
present embodiment, the case has been described in which a
button is provided as a means for sending a signal to the heart
rate measurement unit 143 at a predetermined timing, and in
order to optimize the sweep rate, first such button is depressed
by the operator, but the present invention is not limited to this.
For example, a configuration is possible in which the opti-
mum sweep rate is obtained in advance by the R-wave detec-
tion unit 141, the heart rate detection unit 143, and the sweep
rate calculation unit 144 during a cross-sectional image dis-
play mode (B mode), and upon transitioning to the Doppler
mode, the automatically obtained optimum sweep rate is
realized. Also, as the predetermined timing, a signal may be
sent to the heart rate measurement unit 143 if a mode-switch-
ing operation switch has been pressed, if a button for screen-
switching has been pressed, at a time interval that has been set
arbitrarily, or the like, and in such cases, it is not particularly
necessary for the optimization button 181 to be provided.
[0073] Also, as described above, it is possible to addition-
ally to enable the operator to set how many heart beats are
represented by Doppler images displayed in one screen, and
in this case, it is sufficient to provide an appropriately dis-
played heart rate setting means for notifying the processor of
the operator’s setting.

[0074] Note that such a displayed heart rate setting means is
not essential in the present embodiment, and therefore does
not necessarily need to be provided.

[0075] Also, although the heart rate calculating means for
obtaining the optimum sweep rate is configured so as to be
able to obtain the optimum sweep rate from both the R-wave
detection time and the Doppler trace waveform in the present
embodiment, it goes without saying that there is no problem
with a configuration in which the optimum sweep rate is
obtained from only one of these.

Embodiment 2

[0076] Next is a description of Embodiment 2 of the ultra-
sonograph according to the present invention with reference
to the drawings.

[0077] FIG. 3 is a block diagram showing an exemplary
configuration of relevant portions of the ultrasonograph
according to Embodiment 2 of the present invention. Note
that likewise with FIG. 1, FIG. 3 also shows only relevant
constituent portions of the ultrasonograph according to the
present invention. Also, the same reference numerals as in
FIG. 1 have been given to portions that have the same con-
figurations and functions as those described in Embodiment 1
with use of FIG. 1, and descriptions of such portions have
been omitted.

[0078] The ultrasonograph according to Embodiment 2 of
the present invention that is shown in FIG. 3 differs from
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Embodiment 1 shown in FIG. 1 with respect to having a data
memory 301, which is a recording means for recording output
data of the wall filter 105, a data memory 302 that records
output data of the AD converter 122, and a scene memory 303
that records Doppler images and ECG images that have been
converted to luminance information.

[0079] The following describes operations performed in
the ultrasonograph according to the present embodiment.
[0080] With the ultrasonograph according to the present
embodiment, in a live state before the Doppler images are
frozen, the output signal of the wall filter 105 is stored in the
data memory 301 along with the time at which processing was
performed thereon, and the output data of the AD converter
122 is stored in the data memory 302 along with the time at
which processing was performed thereon.

[0081] Then, ifthe operator has depressed the optimization
button 181 after the Doppler images have been frozen, the
frequency analysis unit 106 executes the FFT on the data in
the data memory 301 at the FFT execution cycle that was set
immediately before the freezing, and inputs this execution
result to the Doppler trace calculation unit 142 in the proces-
sor 140. The FFT execution cycle at this time is determined
not by the time when the FFT actually is performed, but rather
by the time when the Doppler data pieces stored in the data
memory 301 were processed.

[0082] The processor 140 reads the ECG data stored in the
data memory 302, and inputs such ECG data to the R-wave
detection unit 141. At this time, the detection time that the
R-wave detection unit 141 notifies to the heart rate measure-
ment unit 143 is based on the time, which is stored in the data
memory 302, at which the AD converter 122 processed the
ECG data.

[0083] With use of the data obtained from the frequency
analysis unit 106 and the data memory 302, the processor 140
performs processing similar to that in Embodiment 1 of the
present invention, thus determining the optimum sweep rate,
that is to say, the FFT execution cycle. Here as well, the time
at which the Doppler data pieces stored in the data memory
301 were processed is the time basis of the execution cycle.
[0084] The frequency analysis unit 106 executes the FFT
on all the data in the data memory 301 at the FFT execution
cycle instructed by the processor 140, converts the obtained
frequency component data into luminance values, and inputs
the luminance values to the display control unit 161 as a
Doppler image.

[0085] Then, the display control unit 161 deletes the data in
the scene memory 303, and stores therein the Doppler image
that has been newly input.

[0086] Note that although the present embodiment
describes the example in which the optimization of the sweep
rate is performed due to the operator depressing the optimi-
zation button 181, the present invention is not limited to this,
and as described in Embodiment 1, the optimization of the
sweep rate may be performed upon transitioning to a mode
including Doppler image display.

[0087] Also, although a configuration including the data
memory 302 that stores the output data of the AD converter
122 has been described, the data memory 302 is unnecessary
in the case in which only the Doppler trace waveform is used
as the heart rate calculating means for obtaining the optimum
sweep rate.

[0088] Theabove has described specific embodiment of the
ultrasonograph according to the present invention, and the
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following describes operations of the ultrasonograph accord-
ing to the present invention from the viewpoint of the opera-
tor.

[0089] If the operator has depressed the optimization but-
ton 181 after having frozen the Doppler images, the currently
displayed Doppler images are deleted, and frozen Doppler
images in which the scale in the time direction, that is to say,
the horizontal axis direction has been optimized are newly
displayed. For example, if the display width of the Doppler
images from after optimization has been set in advance by the
operator to be two heart beats in one screen, Doppler images
representing two heart beats are displayed on the screen after
the optimization button 181 has been depressed.

[0090] Note that an example of setting the sweep rate of the
Doppler images has been giver in the description of the above
embodiments of the ultrasonograph of the present invention.
However, in the ultrasonograph of the present invention, even
with M-mode images, the sweep rate can be optimized by
using a method of measuring the heart rate by calculating the
R-wave.

[0091] FIG. 4isa diagram showing an example of the flow
of signal processing for obtaining an M-mode image.

[0092] Asshown in FIG. 4, digital conversion is performed
on an ultrasonic waveform obtained by the probe, delay and
synthesis is then performed, and thereafter an envelope
detecting means performs envelope detection in order to
obtain a signal indicating biological information that has been
superimposed on the transmission frequency. Thereafter, in
order to obtain the luminance information, a means for con-
structing an M-mode image performs logarithmic compres-
sion, thus obtaining an M-mode image. Note that at the time
of performing logarithmic compression after the envelope
detection, gain adjustment for adjusting the luminance may
be performed in order to facilitate viewing by the operator.
[0093] With the ultrasonograph according to the present
invention, even in the case of displaying M-mode images
obtained in this way, it is possible automatically to optimize
the sweep rate likewise to the case of displaying Doppler
images as described above in detail. Note that the various
types of processing performed on the M-mode image signal
in the ultrasonograph of the present embodiment can be vari-
ous types of processing that are equivalent to the processing
described in the above embodiment as being performed on the
Doppler images.

INDUSTRIAL APPLICABILITY

[0094] An ultrasonograph according to the present inven-
tion can optimize the sweep rate of Doppler images and
M-mode images based on a measured heart rate, and is useful
in medical applications and the like.

1-7. (canceled)

8. An ultrasonograph for sending an ultrasonic beam into
body tissue and acquiring an ultrasonic Doppler signal based
on an ultrasonic signal reflected off the body tissue and a
blood flow, comprising:

an ultrasonic blood flow signal filtering unit that eliminates

a low frequency component that is a part of the Doppler
signal and that is generated by movement of the tissue;
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a frequency analysis unit that calculates a frequency com-
ponent of the ultrasonic Doppler signal from which the
low frequency component has been eliminated by the
ultrasonic blood flow signal filtering unit;

a display control unit that performs in a time series a
sweeping display of the frequency component as Dop-
pler images calculated by the frequency analysis unit;

a Doppler trace calculation unit that generates a Doppler
trace waveform based on the frequency component cal-
culated by the frequency analysis unit;

a heart rate measurement unit that measures a heart rate of
a test subject based on the Doppler trace waveform at a
predetermined timing;

a sweep rate calculation unit that calculates a sweep rate
based on the heart rate obtained by the heart rate mea-
surement unit; and

a sweep rate control unit that sets the sweep rate of the
Doppler images based on the sweep rate calculated by
the sweep rate calculation unit.

9. The ultrasonograph according to claim 1, further com-

prising:

an operation unit that can be operated by an operator,

wherein the sweep rate control unit sets the sweep rate of
the Doppler images based on an operation of the opera-
tor.

10. The ultrasonograph according to claim 1, wherein the
sweep rate control unit automatically executes a sweep rate
setting in a case in which a mode including a display of the
Doppler images has been transitioned to.

11. The ultrasonograph according to claim 2, wherein the
operation unit is capable of setting how many heart beats are
represented by the Doppler images in one screen.

12. The ultrasonograph according to claim 1, wherein the
heart rate measurement unit calculates a time required for
each heart beat from the Doppler trace waveform obtained by
the Doppler trace calculation unit, and calculates the heart
rate based on a time required for each heart beat.

13. A processor of an ultrasonograph that performs a
sweeping display of Doppler images in a time series based on
a frequency component of an ultrasonic Doppler signal from
whicha low frequency component generated by movement of
tissue has been eliminated, comprising:

a Doppler trace calculation unit that generates a Doppler

trace waveform based on the frequency component;

a heart rate measurement unit that measures a heart rate of
a test subject at a predetermined timing based on the
Doppler trace waveform;

a sweep rate calculation unit that calculates a sweep rate
based on the heart rate obtained by the heart rate mea-
surement unit; and

a sweep rate control unit that sets a sweep rate of Doppler
images for which the ultrasonograph performs a sweep-
ing display based on a sweep rate calculated by the
sweep rate calculation unit.

14. The processor according to claim 13, wherein the heart
rate measurement unit calculates a time required for each
heart beat from the Doppler trace waveform obtained by the
Doppler trace calculation unit, and calculates the heart rate
based on a time required for each heart beat.
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