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7) ABSTRACT

According to one embodiment, a transmission processing
unit transmits, to a subject via the ultrasonic probe, ultra-
sonic waves corresponding to a Doppler mode and remain-
ing modes. A reception processing unit receives the ultra-
sonic wave reflected by the subject via the ultrasonic probe
as an echo signal. An ultrasonic image generation umt
generates images in the Doppler mode and the remaining
modes based on the echo signal. A control unit changes a
ratio of transmission of the ultrasonic wave corresponding to
the Doppler mode to transmission of the ultrasonic waves
corresponding to the remaining modes in accordance with a
degree of a pulsatory of the subject.
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1
ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-138551,
filed Jun. 20, 2012, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to an
ultrasonic diagnostic apparatus that simultaneously displays
images in a plurality of modes including a Doppler mode.

BACKGROUND

An ultrasonic diagnostic apparatus is a diagnostic appa-
ratus that displays an image of in vivo information, and is
used for noninvasive real-time observation as an inexpen-
sive apparatus without exposure, as compared to other
image diagnostic apparatuses such as an X-ray diagnostic
apparatus and an X-ray computed tomography apparatus.
The ultrasonic diagnostic apparatus has a wide scope and
field of application and is applied to diagnosis of a circula-
tory organ such as a heart, an abdominal organ such as a liver
or a kidney, a peripheral blood vessel, obstetrics and gyne-
cology, a breast cancer, and the like.

In general, the ultrasonic diagnostic apparatus transmits
an ultrasonic wave into a subject using an ultrasonic probe,
and receives a reflected wave from the subject, thereby
obtaining diagnostic information (ultrasonic image) in the
subject. Examples of the operation modes of the ultrasonic
diagnostic apparatus are a B mode (B) to display a two-
dimensional morphological image (B-mode image), a color
mode (C) to display a two-dimensional blood flow image
(color Doppler mode image), and a Doppler mode (D) to
display a Doppler waveform (Doppler spectrum image).

One of the modes to display images in a plurality of
operation modes in such an ultrasonic diagnostic apparatus
is the Triplex mode. According to the Triplex mode, images
in, for example, the B mode, the color mode, and the
Doppler mode can be displayed simultaneously. Note that in
the Triplex mode, two types of scan including interleave
scan and segment scan are used.

The interleave scan is a scan method of alternately
transmitting ultrasonic waves (beams) corresponding to the
B mode, the color mode, and the Doppler mode. In the
interleave scan, the quality of an image in the Doppler mode
(to be simply referred to as the image quality of the Doppler
mode hereinafter) is high, as compared to the segment scan.
However, a constraint is placed on the upper limit of the
velocity of the blood flow.

On the other hand, the segment scan is a scan method of
transmitting an ultrasonic wave corresponding to the Dop-
pler mode continuously for a predetermined period and then
transmitting ultrasonic waves corresponding to the B mode
and the color mode. Note that according to the segment scan,
a Doppler waveform is generated by interpolation when
transmitting the ultrasonic waves corresponding to the B
mode and the color mode. In the segment scan, the upper
limit of the velocity of the blood flow can be set higher than
in the above-described interleave scan. However, the image
quality of the Doppler mode degrades because the Doppler
waveform in the Doppler mode is estimated by interpola-
tion.
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To improve the image quality of the Doppler mode in the
above-described segment scan, the period (gap period) in
which the ultrasonic wave corresponding to the Doppler
mode is not transmitted needs to be shorter. In other words,
the number of data of the Doppler mode (that is, the
transmission count of the ultrasonic wave corresponding to
the Doppler mode) is increased. In this case, however, since
the number of data of the B mode and the color mode (that
is, the transmission count of the ultrasonic waves corre-
sponding to the B mode and the color mode) decreases, the
qualities of the images in the B mode and the color mode (to
be simply referred to as the image qualities of the B mode
and the color mode hereinafter) degrade. For this reason,
data distribution to the B mode, the color mode, and the
Doppler mode needs to be optimized such that the image
qualities of the B mode, the color mode, and the Doppler
mode balance depending on, for example, the measurement
condition.

To do this, the ultrasonic diagnostic apparatus is provided
with a switch called IQ-balance. Using the switch, the
examiner (user) can select the Doppler mode, the B mode,
or the color mode to emphasize the image quality. For
example, to emphasize the image quality of the Doppler
mode, the number of data of the Doppler mode is increased
to shorten the gap period, thereby improving the image
quality of the Doppler mode. On the other hand, to empha-
size the image qualities of the B mode and the color mode,
the number of data of the Doppler mode is decreased, and
the number of data of the B mode and the color mode is
increased, thereby improving the image qualities of the B
mode and the color mode.

In the ultrasonic diagnosis, various blood flows of a
subject can be measured in the Doppler mode. The blood
flows measured in the Doppler mode include a pulsating
blood flow that temporally changes the flow velocity along
with the heartbeat (to be referred to as a pulsating flow
hereinafter) and a blood flow having a predetermined flow
velocity (to be referred to as a steady flow hereinafter).

If the blood flow to be measured is the pulsating flow, the
degradation in the Doppler waveform in the Doppler mode
is noticeable. Hence, it is therefore necessary to shorten the
gap period by increasing the number of data of the Doppler
mode.

On the other hand, if the blood flow to be measured is the
steady flow, the degradation in the Doppler waveform in the
Doppler mode is relatively small even when the above-
described gap period is long.

For this reason, the number of data of the B mode and the
color mode (that is, the data distribution in the B mode and
the color mode) can be increased.

As described above, the feature of (the degradation in) the
Doppler waveform changes between the pulsating flow and
the steady flow. However, examination is generally per-
formed without changing the data distribution between the B
mode, the color mode, and the Doppler mode depending on
whether the blood flow to be measured is the pulsating flow
or the steady flow. In addition, the examiner may determine
the pulsating flow or the steady flow and change the above-
described 1Q-balance each time. However, this operation is
cumbersome for the examiner.

Hence, there is demanded a mechanism for automatically
optimizing the image quality of each operation mode when
simultaneously displaying images in a plurality of operation
modes including the Doppler mode as in the above-de-
scribed Triplex mode.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the arrangement of an
ultrasonic diagnostic apparatus according to the first
embodiment;

FIG. 2 1s a view showing an example of an ultrasonic
image displayed in the Triplex mode;

FIG. 3 is a flowchart showing the processing procedure of
the ultrasonic diagnostic apparatus according to the embodi-
ment;

FIG. 4 is a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a pulsating flow, and the number
of data of the Doppler mode is small;

FIG. 5 is a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a pulsating flow, and the number
of data of the Doppler mode is large;

FIG. 6 is a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a pulsating flow, and the
ultrasonic diagnostic apparatus is operated only in the Dop-
pler mode;

FIG. 7 1s a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a steady flow, and the number of
data of the Doppler mode is small;

FIG. 8 1s a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a steady flow, and the number of
data of the Doppler mode is large;

FIG. 9 1s a view showing an example of an ultrasonic
image displayed when the blood flow of a subject corre-
sponding to a scan plane is a steady flow, and the ultrasonic
diagnostic apparatus is operated only in the Doppler mode;

FIG. 10 is a view showing an example of data distribution
to the respective operation modes when the blood flow of a
subject corresponding to a scan plane is a pulsating flow;

FIG. 11 is a view showing an example of data distribution
to the respective operation modes when the blood flow of a
subject corresponding to a scan plane is a steady flow; and

FIG. 12 is a flowchart showing the processing procedure
of an ultrasonic diagnostic apparatus according to the second
embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, an ultrasonic
diagnostic apparatus according to this embodiment includes
an ultrasonic probe, a transmission processing unit, a recep-
tion processing unit, an ultrasonic image generation unit, a
display unit, a detection unit, and a control unit. The
transmission processing unit transmits, to a subject via the
ultrasonic probe, ultrasonic waves corresponding to a Dop-
pler mode to display a Doppler waveform representing a
time-rate change in a flow velocity value of a blood flow of
the subject and remaining modes other than the Doppler
mode. The reception processing unit receives the ultrasonic
wave reflected by the subject via the ultrasonic probe as an
echo signal concerning a scan plane. The ultrasonic image
generation unit generates images in the Doppler mode and
the remaining modes based on the echo signal. The display
unit simultaneously displays the images in the Doppler
mode and the remaining modes. The detection unit detects a
pulsatory of the blood flow of the subject corresponding to
the scan plane. The control unit changes a ratio of transmis-
sion of the ultrasonic wave corresponding to the Doppler
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4

mode to transmission of the ultrasonic waves corresponding
to the remaining modes in accordance with a degree of the
detected pulsatory.

Each embodiment will now be described with reference to
the accompanying drawings.

(First Embodiment)

An ultrasonic diagnostic apparatus according to the first
embodiment will be described first. FIG. 1 illustrates the
arrangement of the ultrasonic diagnostic apparatus accord-
ing to this embodiment.

The ultrasonic diagnostic apparatus according to this
embodiment has a function of simultaneously displaying
images in a plurality of operation modes including the
Doppler mode, as in the Triplex mode. A description will be
made below assuming that the ultrasonic diagnostic appa-
ratus according to this embodiment simultaneously displays
images in the plurality of operation modes, that is, the B
mode, the color mode, and the Doppler mode. The B mode
is a mode to display a two-dimensional morphological
image (B-mode image). The color mode is a mode to display
a two-dimensional blood flow image (color Doppler mode
image). The Doppler mode is a mode to display a Doppler
waveform (Doppler spectrum image).

Note that the ultrasonic diagnostic apparatus according to
this embodiment employs a scan method (segment scan) of
transmitting an ultrasonic wave corresponding to the Dop-
pler mode continuously for a predetermined period and then
transmitting ultrasonic waves corresponding to the B mode
and the color mode. According to the segment scan, a
Doppler waveform in the Doppler mode is generated by
interpolation when transmitting the ultrasonic waves corre-
sponding to the B mode and the color mode.

As shown in FIG. 1, the ultrasonic diagnostic apparatus
according to this embodiment includes an ultrasonic probe
10, a transmission/reception processing unit 20, a signal
processing unit 30, a DSC (Digital Scan Converter) 40, a
display unit 50, a pulsatory detection unit 60, an input unit
70, and a control unit 80.

The ultrasonic probe 10 includes a plurality of piezoelec-
tric vibrators each of which generates an ultrasonic wave
upon receiving a driving signal from the transmission/
reception processing unit 20 and converts a reflected wave
from a subject into an electrical signal, a matching layer
provided on the piezoelectric vibrators, and a backing mate-
rial that prevents the ultrasonic waves from propagating
backward from the piezoelectric vibrators. When the ultra-
sonic probe 10 transmits an ultrasonic wave to the subject,
the transmitted ultrasonic wave is sequentially reflected by
a discontinuity surface of acoustic impedance of internal
tissue and received by the ultrasonic probe 10 as an echo
signal. The echo signal is supplied to the transmission/
reception processing unit 20. Note that the amplitude of this
echo signal depends on an acoustic impedance difference on
the discontinuity surface by which the echo signal is
reflected. The echo signal generated when an ultrasonic
pulse is reflected by, for example, a moving blood flow or
the surface of a cardiac wall or the like is subjected to a
frequency shift depending on the velocity component of the
moving body in the ultrasonic transmission direction due to
the Doppler effect.

The transmission/reception processing unit 20 repetitively
transmits/receives an ultrasonic wave (beam) via the ultra-
sonic probe 10 in accordance with changes in parameters
related to a scan sequence (to be described later). The
transmission/reception processing unit 20 includes a trans-
mission processing unit 21 and a reception processing unit
22.
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The transmission processing unit 21 transmits ultrasonic
waves corresponding to the above-described B mode, color
mode, and Doppler mode to the subject via the ultrasonic
probe 10. The transmission processing unit 21 includes a
pulse generator, a transmission delay unit, and a pulser
(neither are shown). The pulse generator repeatedly gener-
ates rate pulses for the formation of transmission ultrasonic
waves at a predetermined rate frequency fr Hz (period: 1/fr
sec). The transmission delay unit gives the rate pulse of each
channel a delay time necessary to focus an ultrasonic wave
into a beam in accordance with each channel and decide
transmission directivity. The pulser applies a driving pulse to
the ultrasonic probe 10 at the timing based on the rate pulse
for each channel.

The reception processing unit 22 receives an ultrasonic
wave reflected by the subject via the ultrasonic probe 10 as
an echo signal concerning a scan plane. The reception
processing unit 22 includes a preamplifier, a reception delay
unit, and an adder (neither are shown). The preamplifier
amplifies an echo signal received via the ultrasonic probe 10
for each channel. The reception delay unit gives the ampli-
fied echo signal a delay time necessary to decide reception
directivity. After that, the adder performs addition process-
ing. With this addition, a reflection component from a
direction corresponding to the reception directivity of the
echo signal is enhanced, and a comprehensive beam of
ultrasonic transmission/reception is formed by the transmis-
sion directivity and the reception directivity.

The signal processing unit 30 performs a plurality of
ultrasonic signal processes corresponding to the plurality of
operation modes based on echo signals from the reception
processing unit 22. More specifically, the signal processing
unit 30 includes a B-mode processing unit 31, a color mode
processing unit 32, and a Doppler mode processing unit 33.

The B-mode processing unit 31 performs B-mode pro-
cessing of an echo signal (an echo signal obtained by
transmitting/receiving an ultrasonic wave corresponding to
the B mode) from the reception processing unit 22. More
specifically, the B-mode processing unit 31 performs enve-
lope detection of the echo signal from the reception pro-
cessing unit 22 and logarithmically compresses the echo
signal that has undergone the envelope detection. Data of a
B-mode image that expresses the intensity of the echo signal
by a luminance is thus generated. The data of the B-mode
image generated by the B-mode processing unit 31 is
supplied to the DSC 40.

The color mode processing unit 32 performs color Dop-
pler mode processing of an echo signal (an echo signal
obtained by transmitting/receiving an ultrasonic wave cor-
responding to the color mode) from the reception processing
unit 22 and generates data of a color mode image in a region
of interest. More specifically, the color mode processing unit
32 performs quadrature detection of the echo signal from the
reception processing unit 22. Next, the color mode process-
ing unit 32 performs, by autocorrelation, frequency analysis
of the echo signal that has undergone the quadrature detec-
tion. The color mode processing unit 32 calculates the
average flow velocity value, the variance, and the like of a
blood flow at each point of the sample by frequency analy-
sis. The color mode processing unit 32 generates data of a
color Doppler mode image that expresses the calculated
average flow velocity value or variance by a color. The color
mode processing unit 32 also calculates the power value of
the blood flow based on the echo signal that has undergone
the quadrature detection. The color mode processing unit 32
generates data of a color Doppler mode image that expresses
the calculated power value by a color. The data of the color
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Doppler mode image generated by the color mode process-
ing unit 32 is supplied to the DSC 40.

The Doppler mode processing unit 33 performs Doppler
mode processing of an echo signal (an echo signal obtained
by transmitting/receiving an ultrasonic wave corresponding
to the Doppler mode) from the reception processing unit 22
and generates data of a Doppler waveform (Doppler spec-
trum image) in a range gate. More specifically, the Doppler
mode processing unit 33 performs quadrature detection of
the echo signal from the reception processing unit 22. The
Doppler mode processing unit 33 extracts a signal in a preset
range gate from the echo signal that has undergone the
quadrature detection, performs spectrum analysis of the
signal by FFT (Fast Fourier Transform), and calculates the
flow velocity value (flow velocity spectrum). The Doppler
mode processing unit 33 generates data of a Doppler wave-
form representing the time-rate change in the flow velocity
spectrum. The data of the Doppler waveform generated by
the Doppler mode processing unit 33 is supplied to the DSC
40.

The DSC 40 converts the data of the B-mode image from
the B-mode processing unit 31 into image data displayable
by the display unit 50. The DSC 40 also converts the data of
the color Doppler mode image from the color mode pro-
cessing unit 32 into image data displayable by the display
unit 50. Similarly, the DSC 40 converts the data of the
Doppler waveform from the Doppler mode processing unit
33 into image data displayable by the display unit 50.

The display unit 50 displays the B-mode image, the color
Doppler mode image, and the Doppler waveform from the
DSC 40 simultaneously on a display device in a superim-
posed manner. As the display device, for example, a CRT
display, a liquid crystal display, an organic EL display, a
plasma display, or the like is usable.

The pulsatory detection unit 60 detects the pulsatory of
the blood flow of the subject corresponding to the scan plane
based on, for example, the Doppler waveform and the like.
More specifically, the pulsatory detection unit 60 determines
whether the blood flow of the subject corresponding to the
scan plane is a pulsating blood flow that temporally changes
the flow velocity along with the heartbeat (to be referred to
as a pulsating flow hereinafter) or a blood flow having a
predetermined flow velocity (to be referred to as a steady
flow hereinafter). The result of determination by the pulsa-
tory detection unit 60 is sent to the control unit 80.

The input unit 70 inputs, to the control unit 80, various
kinds of commands or information input by the user via an
input device. More specifically, the input unit 70 inputs an
instruction to start or end ultrasonic scan. The input unit 70
also inputs the position of the region of interest for the color
mode or the position of the range gate for the Doppler mode.
As the input device, for example, a keyboard, a mouse,
various kinds of buttons, a touch panel, or the like can
appropriately be used.

The control unit 80 functions as the main unit of the
ultrasonic diagnostic apparatus. More specifically, the con-
trol unit 80 reads out a control program from a storage unit
(not shown), extracts it on the memory of its own, and
controls the respective units in accordance with the extracted
control program.

The control unit 80 also changes parameters related to the
above-described scan sequence in accordance with the pul-
satory detected by the pulsatory detection unit 60. The
control unit 80 thus optimizes the qualities of the B-mode
image, the color Doppler mode image, and the Doppler
waveform simultaneously displayed in the above-described
Triplex mode. More specifically, the control unit 80 changes
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the ratio of transmission of the ultrasonic wave correspond-
ing to the Doppler mode to transmission of the ultrasonic
waves corresponding to the B mode and the color mode in
the Triplex mode based on the determination result of the
pulsatory detection unit 60. In other words, the control unit
80 changes the data distribution to the B mode, the color
mode, and the Doppler mode. Note that when the data
distribution to the B mode, the color mode, and the Doppler
mode is changed, the ultrasonic wave corresponding to each
mode is transmitted in accordance with the changed data
distribution.

FIG. 2 shows an example of an ultrasonic image displayed
in the above-described Triplex mode. As shown in FIG. 2, at
the ultrasonic images in the Triplex mode, a B-mode image
11, a color Doppler mode image 12, and a Doppler waveform
(Doppler spectrum image) 13 are simultaneously displayed.
The B-mode image 11 is a two-dimensional morphological
image concerning the B-mode scan plane. The color Doppler
mode image 12 is a two-dimensional blood flow image in the
region of interest, and is superimposed on the region of
interest of the B-mode image I1. Note that a mark MR
representing the position of the Doppler range gate is
superimposed on the B-mode image I1. On the other hand,
the Doppler waveform 13 is displayed under the B-mode
image I1. The Doppler waveform I3 represents the Doppler
spectrum in the range gate indicated by the mark MR. The
Doppler waveform is a graph formed by plotting the blood
flow velocity along the ordinate and time along the abscissa.
In other words, the Doppler waveform represents the time-
rate change in the blood flow velocity value of the subject
corresponding to the scan plane. Typically, the B-mode
image I1, the color Doppler mode image 12, and the Doppler
waveform I3 are generated and displayed in real time.

The processing procedure of the ultrasonic diagnostic
apparatus according to this embodiment will be described
next with reference to the flowchart of FIG. 3.

First, the ultrasonic diagnostic apparatus starts scan in the
above-described Triplex mode (scan in the above-described
segment scan) to simultaneously display the images in the B
mode, the color mode, and the Doppler mode (step S1). Note
that according to the segment scan, an ultrasonic wave
corresponding to the Doppler mode is transmitted continu-
ously for a predetermined period, and then, ultrasonic waves
corresponding to the B mode and the color mode are
transmitted, as described above. In this case, the scan in the
Triplex mode starts based on, for example, preset parameters
(the data distribution to the B mode, the color mode, and the
Doppler mode) related to the scan sequence. The B-mode
image, the color Doppler mode image, and the Doppler
waveform are thus displayed simultaneously on, for
example, the display unit 50.

The examiner (operator) can provide, to the ultrasonic
diagnostic apparatus, an instruction (to be referred to as an
optimization instruction hereinafter) to optimize the quali-
ties of the images in the B mode, the color mode, and the
Doppler mode (the qualities of the B-mode image, the color
Doppler mode image, and the Doppler waveform) simulta-
neously displayed in the Triplex mode by, for example,
operating the ultrasonic diagnostic apparatus.

The input unit 70 inputs the optimization instruction in
accordance with the operation of the examiner (step S2). The
operations of the examiner for the optimization instruction
include, for example, an operation of turning on the Quick
Scan for Doppler switch. Note that the Quick Scan for
Doppler is a technique of optimizing the flow velocity range,
Baseline, and the like by the Doppler waveform. In this
example, the optimization instruction is input by turning on
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the Quick Scan for Doppler switch, as described above.
However, for example, a button configured to simply input
the optimization instruction may be provided, and the opti-
mization instruction may be input in accordance with an
operation of pressing the button.

When the optimization instruction is input, the pulsatory
detection unit 60 traces the Doppler waveform (past Doppler
waveform) representing the time-rate change in the flow
velocity value of the blood flow of the subject corresponding
to the scan plane (to be simply referred to as the blood flow
of the subject hereinafter) (step S3). Note that the past
Doppler waveform includes, for example, the Doppler
waveform obtained after the scan started in step Sl
described above (before the Quick Scan for Doppler switch
is turned on).

Next, the pulsatory detection unit 60 measures the time-
rate change in the Doppler waveform from the data of the
traced Doppler waveform. The pulsatory detection unit 60
determines, based on the measured time-rate change in the
Doppler waveform, whether the change amount of the flow
velocity value per unit time is equal to or larger than a
predetermined value (to be referred to as a threshold here-
inafter) (step S4).

Upon determining that the change amount of the flow
velocity value is equal to or larger than the threshold (YES
in step S4), the pulsatory detection unit 60 determines the
blood flow of the subject as the pulsating flow and sends the
determination result to the control unit 80.

When the blood flow of the subject is the pulsating flow,
the control unit 80 increases the ratio of transmission of the
ultrasonic wave corresponding to the Doppler mode and
decreases the ratio of transmission of the ultrasonic waves
corresponding to the remaining operation modes (B mode
and color mode). That is, the control unit 80 changes the data
distribution to the respective operation modes so as to
increase the number of data of the Doppler mode and
decrease that of the B mode and the color mode (step S5).

On the other hand, upon determining that the change
amount of the flow velocity value is not equal to or larger
than the threshold (NO in step S4), the pulsatory detection
unit 60 determines the blood flow of the subject as the steady
flow and sends the determination result to the control unit
80.

When the blood flow of the subject is the steady flow, the
control unit 80 decreases the ratio of transmission of the
ultrasonic wave corresponding to the Doppler mode and
increases the ratio of transmission of the ultrasonic waves
corresponding to the remaining operation modes (B mode
and color mode). That is, the control unit 80 changes the data
distribution to the respective operation modes so as to
decrease the number of data of the Doppler mode and
increase that of the B mode and the color mode (step S6).

When the process of step S5 or S6 described above is
executed, the ultrasonic diagnostic apparatus resumes the
scan (scan in the Triplex mode) using the changed data
distribution (step S7).

Note that the above-described increase/decrease in the
number of data of the Doppler mode may be implemented by
changing the conditions such as the PRF (Pulse Repetition
Frequency) and parallel simultaneous reception of the B
mode, and the PRF, parallel simultaneous reception, and the
number of ensembles of the color mode. More specifically,
when the blood flow of the subject is the pulsating flow, the
conditions are changed by, for example, raising the PRF of
the B mode, turning on the parallel simultaneous reception
of the B mode, raising the PRF of the color mode, turning
on the parallel simultaneous reception of the color mode, or
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decreasing the number of ensembles of the color mode. This
can raise the frame rate of the B mode and the color mode
and increase the number of data of the Doppler mode
instead. Note that in this case, the qualities of the B-mode
image and the color Doppler mode image degrade.

In this example, the optimization instruction is input in
accordance with the operation of the examiner, as described
above. However, for example, the processing from step S3
described above may be executed as needed at a predeter-
mined interval without the operation of the examiner.

Optimization of the qualities of the B-mode image, the
color Doppler mode image, and the Doppler waveform
simultaneously displayed in the Triplex mode of the ultra-
sonic diagnostic apparatus according to this embodiment
will briefly be described below.

FIGS. 4, 5, and 6 show examples of ultrasonic images
displayed in the Triplex mode when the blood flow of the
subject corresponding to the scan plane is the pulsating flow.
Note that FIG. 4 shows an ultrasonic image displayed when
the number of data of the Doppler mode is small, and the
number of data (number of rasters) of the B mode and the
color mode is large. FIG. 5 shows an ultrasonic image
displayed when the number of data of the Doppler mode is
large, and the number of data (number of rasters) of the B
mode and the color mode is small. FIG. 6 shows an
ultrasonic image displayed when the ultrasonic diagnostic
apparatus is operated only in the Doppler mode.

The Doppler waveforms shown in FIGS. 4 and 5 are
compared. The Doppler waveform obtained by decreasing
the number of data of the Doppler mode (that is, the Doppler
waveform shown in FIG. 4) noticeably degrades as com-
pared to the Doppler waveform shown in FIG. 6. For this
reason, when the blood flow of the subject corresponding to
the scan plane is the pulsating flow, the number of data of the
Doppler mode needs to be increased to suppress the degra-
dation in the Doppler waveform.

On the other hand, FIGS. 7, 8, and 9 show examples of
ultrasonic images displayed in the Triplex mode when the
blood flow of the subject corresponding to the scan plane is
the steady flow. Note that FIG. 7 shows an ultrasonic image
displayed when the number of data of the Doppler mode is
small, and the number of data (number of rasters) of the B
mode and the color mode is large. FIG. 8 shows an ultra-
sonic image displayed when the number of data of the
Doppler mode is large, and the number of data (number of
rasters) of the B mode and the color mode is small. FIG. 9
shows an ultrasonic image displayed when the ultrasonic
diagnostic apparatus is operated only in the Doppler mode.

The Doppler waveforms shown in FIGS. 7 and 8 are
compared. The degradation in the Doppler waveform is
unnoticeable as compared to the Doppler waveform shown
in FIG. 9 even when the number of data of the Doppler mode
is decreased. For this reason, when the blood flow of the
subject corresponding to the scan plane is the steady flow,
the number of data of the Doppler mode is decreased, and
the number of data of the B mode and the color mode is
increased to improve the qualities of the B-mode image and
the color Doppler mode image.

Data distribution to the B mode, the color mode, and the
Doppler mode will be described here in detail for a case in
which the blood flow of the subject corresponding to the
scan plane is the pulsating flow and a case in which the blood
flow of the subject is the steady flow.

FIG. 10 shows an example of data distribution to the
respective operation modes when the blood flow of the
subject corresponding to the scan plane is the pulsating flow.
FIG. 11 shows an example of data distribution to the
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respective operation modes when the blood flow of the
subject corresponding to the scan plane is the steady flow.

When the blood flow of the subject corresponding to the
scan plane is the pulsating flow, the number of data of the
Doppler mode is increased, and the period (gap period) in
which the ultrasonic wave corresponding to the Doppler
mode is not transmitted is shortened, as shown in FIG. 10.
In this way, the degradation in the quality of the Doppler
waveform in the Doppler mode is suppressed. More spe-
cifically, the number of rasters of the B mode is set to 150,
the number of rasters of the color mode is set to 70, and the
number of data of the Doppler mode is set to 128 (data).

On the other hand, when the blood flow of the subject
corresponding to the scan plane is the steady flow, the
number of data of the Doppler mode is decreased, and the
period (gap period) in which the ultrasonic wave corre-
sponding to the Doppler mode is not transmitted is pro-
longed, as shown in FIG. 11. In this way, the number of data
of the B mode and the color mode is increased to improve
the qualities of the B-mode image and the color Doppler
mode image. More specifically, the number of rasters of the
B mode is set to 300, the number of rasters of the color mode
is set to 140, and the number of data of the Doppler mode
is set to 64 (data).

As described above, in this embodiment, the ratio of
transmission of the ultrasonic wave corresponding to the
Doppler mode to transmission of the ultrasonic waves
corresponding to the remaining operation modes is changed
in accordance with the pulsatory (whether the blood flow is
the pulsating flow or the steady flow) of the blood flow of the
subject corresponding to the scan plane. This arrangement
can automatically change the data distribution to the Dop-
pler mode and the remaining operation modes. For this
reason, the qualities of the images in the plurality of opera-
tion modes including the Doppler mode, which are simul-
taneously displayed as in the Triplex mode, can be optimized
without causing the examiner to operate the IQ-balance
switch or the like. That is, according to this embodiment, it
is possible to save the examiner the time to, for example,
adjust the image quality in the Triplex mode. Hence, the
examination time can be shortened, and the burden on the
subject or the like can be lightened.

In this embodiment, the time-rate change in the flow
velocity value represented by the Doppler waveform is
traced, and the pulsatory of the blood flow of the subject is
detected based on the change amount of the flow velocity
value per unit time (it is determined whether the blood flow
is the pulsating flow or the steady flow), as described above.
However, the pulsatory may be detected from a Doppler
measurement index such as an RI (Resistance Index) or PI
(Pulsatility Index).

The pulsatory may be detected based on, for example, the
time-rate change in the B mode and the color mode. In the
B mode, the correlation between the frames of the B-mode
image is obtained. If the correlation between the frames is
small, the blood flow can be determined as the pulsating
flow. If the correlation between the frames is large, the blood
flow can be determined as the steady flow. On the other
hand, in the color mode, a certain region of interest is
designated, and the time-rate change in the Doppler shift
frequency of the color mode is measured. If the time-rate
change in the Doppler shift frequency is large, the blood
flow can be determined as the pulsating flow. If the time-rate
change in the Doppler shift frequency is small, the blood
flow can be determined as the steady flow.

In this embodiment, the Triplex mode in which the
B-mode image, the color Doppler mode image, and the
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Doppler waveform are simultaneously displayed has mainly
be described. However, this embodiment is applicable to any
ultrasonic diagnostic apparatus for simultaneously display-
ing images in a plurality of operation modes including the
Doppler mode. More specifically, the embodiment is also
applicable to an ultrasonic diagnostic apparatus that operates
in a duplex mode in which the B-mode image and the
Doppler waveform are simultaneously displayed. In this
case, the operation is the same as in the above-described
Triplex mode except that the scan during the above-de-
scribed gap period is done only in the B mode.

(Second Embodiment)

An ultrasonic diagnostic apparatus according to the sec-
ond embodiment will be described next. A description will
be made below assuming that the ultrasonic diagnostic
apparatus according to this embodiment simultaneously
displays images in a plurality of operation modes, that is, the
B mode, the color mode, and the Doppler mode, as in the
above-described first embodiment.

Note that the arrangement of the ultrasonic diagnostic
apparatus according to this embodiment is the same as in the
above-described first embodiment, and will be described
with reference to FIG. 1 as needed. Points of difference from
the above-described first embodiment will mainly be
explained here.

In the above-described first embodiment, data distribution
to the respective operation modes is changed in accordance
with the result of determining whether the blood flow of a
subject is the pulsating flow or the steady flow. In the second
embodiment, however, the data distribution (the ratio of
transmission of the ultrasonic wave corresponding to the
Doppler mode) is further changed in accordance with the
degree of pulsatory in the pulsating flow, unlike the above-
described first embodiment.

Note that in the ultrasonic diagnostic apparatus according
to this embodiment, a control unit 80 includes a table that
holds, in advance, the ratio of transmission of the ultrasonic
wave corresponding to the Doppler mode to transmission of
the ultrasonic waves corresponding to the remaining opera-
tion modes (B mode and color mode) in association with the
degree of pulsatory (that is, data distribution to the B mode,
the color mode, and the Doppler mode). More specifically,
the table provided in the control unit 80 holds data distri-
bution (to be referred to as first data distribution hereinafter)
to the respective operation modes corresponding to a pul-
sating flow having a high degree of pulsatory (to be referred
to as a first pulsating flow hereinafter) in association with the
index of the first pulsating flow. Similarly, the table provided
in the control unit 80 holds data distribution (to be referred
to as second data distribution hereinafter) to the respective
operation modes corresponding to a pulsating flow having a
low degree of pulsatory (to be referred to as a second
pulsating flow hereinafter) in association with the index of
the second pulsating flow. In addition, the table provided in
the control unit 80 holds data distribution (to be referred to
as third data distribution hereinafter) to the respective opera-
tion modes corresponding to a steady flow in association
with the index of the steady flow. That is, in this embodi-
ment, three kinds of 1Q-balance are set in accordance with
the degrees of pulsatory (first pulsating flow, second pulsat-
ing flow, and steady flow).

Note that the degradation in the Doppler waveform is
noticeable in the first pulsating flow than in the second
pulsating flow because of the higher degree of pulsatory.
Hence, the ratio of transmission of the ultrasonic wave
corresponding to the Doppler mode is higher in the first data
distribution than in the second data distribution.
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The operation of the ultrasonic diagnostic apparatus
according to this embodiment will be described next. FIG.
12 is a flowchart showing the processing procedure of the
ultrasonic diagnostic apparatus according to this embodi-
ment.

First, the processes of steps S11 to S14 corresponding to
the processes of steps S1 to S4 shown in FIG. 3 described
above are executed.

Upon determining in step S14 that the change amount of
the flow velocity value is equal to or larger than a threshold
(to be referred to as a first threshold hereinafter), a pulsatory
detection unit 60 compares the change amount of the flow
velocity value with a threshold (to be referred to as a second
threshold hereinafter) different from the first threshold,
thereby determining whether the degree of the change in the
flow velocity value is large (step S15).

Upon determining that the degree of the change in the
flow velocity value is large (YES in step S15), the pulsatory
detection unit 60 determines the blood flow of the subject as
the first pulsating flow and sends the determination result to
the control unit 80.

When the blood flow of the subject is the first pulsating
flow, the control unit 80 looks up the table provided in it and
selects the first data distribution (data distribution in case of
the first pulsating flow) held in the table in association with
(the index of) the first pulsating flow (step S16). Note that
as an example of the first data distribution selected in step
S16, the number of rasters of the B mode is set to 150, the
number of rasters of the color mode is set to 70, and the
number of data of the Doppler mode is set to 128 (data).

On the other hand, upon determining that the degree of the
change in the flow velocity value is not large (NO in step
S15), the pulsatory detection unit 60 determines the blood
flow of the subject as the second pulsating flow and sends
the determination result to the control unit 80.

When the blood flow of the subject is the second pulsating
flow, the control unit 80 looks up the table provided in it and
selects the second data distribution (data distribution in case
of the second pulsating flow) held in the table in association
with (the index of) the second pulsating flow (step S17).
Note that as an example of the second data distribution
selected in step S17, the number of rasters of the B mode is
set to 200, the number of rasters of the color mode is set to
100, and the number of data of the Doppler mode is set to
96 (data). In the second data distribution, the number of data
of the Doppler mode (the ratio of transmission of the
ultrasonic wave corresponding to the Doppler mode) is
smaller than in the above-described first data distribution.

Upon determining in step S14 that the change amount of
the flow velocity value is not equal to or larger than the first
threshold, the pulsatory detection unit 60 determines the
blood flow of the subject as the steady flow and sends the
determination result to the control unit 80.

When the blood flow of the subject is the steady flow, the
control unit 80 looks up the table provided in it and selects
the third data distribution (data distribution in case of the
steady flow) held in the table in association with (the index
of) the steady flow (step S18). Note that as an example of the
third data distribution selected in step S18, the number of
rasters of the B mode is set to 300, the number of rasters of
the color mode is set to 140, and the number of data of the
Doppler mode is set to 64 (data).

When the process of step S16, S17, or S18 described
above is executed, the ultrasonic diagnostic apparatus
resumes the scan (scan in the Triplex mode) using the
selected data distribution (step S19).
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As described above, in this embodiment, the ratio of
transmission of the ultrasonic wave corresponding to the
Doppler mode to transmission of the ultrasonic waves
corresponding to the remaining operation modes (that is, the
data distribution to the respective operation modes) held in
the table prepared in advance is selected in association with
the detected degree of pulsatory. The current data distribu-
tion to the respective operation modes is changed to the
selected data distribution to the respective operation modes,
thereby more specifically changing the settings in accor-
dance with the degree of pulsatory, as compared to the
above-described first embodiment.

According to the above-described embodiments, it is
possible to provide an ultrasonic diagnostic apparatus
capable of optimizing the qualities of images in a plurality
of operation modes including the Doppler mode, which are
simultaneously displayed.

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 inventions.
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 depart-
ing from the spirit of the inventions. The accompanying
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 ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a transmission processing unit configured to transmit, to
a subject via the ultrasonic probe, an ultrasonic wave
corresponding to a Doppler mode to display a Doppler
waveform representing a time-rate change in a flow
velocity value of a blood flow of the subject and an
ultrasonic wave corresponding to at least one of a B
mode and a color Doppler mode other than the Doppler
mode;

a reception processing unit configured to receive the
ultrasonic wave reflected by the subject via the ultra-
sonic probe as an echo signal concerning a scan plane;

a digital scan converter configured to generate a Doppler
waveform related to the Doppler mode and at least one
of a B-mode image related to the B mode and a color
Doppler mode image related to the color Doppler mode
based on the echo signal,

a display configured to simultaneously display the Dop-
pler waveform and at least one of the B-mode image
and the color Doppler mode image;

a detection unit configured to detect a pulsatory of the
blood flow of the subject corresponding to the scan
plane and determine in accordance with the degree of
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the detected pulsatory whether the blood flow of the
subject corresponding to the scan plane is a pulsating
flow that temporally changes a flow velocity along with
the heartbeat or a steady flow having a predetermined
flow velocity; and

a control unit configured to increase a ratio of transmis-

sion of the ultrasonic wave corresponding to the Dop-
pler mode upon determining that the blood flow of the
subject is the pulsating flow, and decrease the ratio of
transmission of the ultrasonic wave corresponding to
the Doppler mode upon determining that the blood flow
of the subject is the steady flow.

2. The apparatus according to claim 1, wherein the
detection unit traces the time-rate change in the flow veloc-
ity value represented by the Doppler waveform, and detects
the pulsatory based on whether a change amount of the flow
velocity value per unit time is equal to or larger than a
predetermined value.

3. The apparatus according to claim 1, wherein the
detection unit detects the pulsatory in accordance with
correlation between frames of the B-mode image.

4. The apparatus according to claim 1, wherein the
detection unit detects the pulsatory in accordance with a
time-rate change in a Doppler shift frequency obtained in the
color mode.

5. The apparatus according to claim 1, further comprising
a table configured to hold the ratio of transmission of the
ultrasonic wave corresponding to the Doppler mode to
transmission of the ultrasonic wave corresponding to at least
one of the B mode and the color Doppler mode in advance
in association with the degree of the pulsatory, and

the control unit changes the ratio of transmission of the

ultrasonic wave corresponding to the Doppler mode to
transmission of the ultrasonic wave corresponding to at
least one of the B mode and the color Doppler mode to
the ratio held in the table in association with the degree
of the detected pulsatory.

6. The apparatus according to claim 1, wherein the control
unit changes the ratio of transmission of the ultrasonic wave
corresponding to the Doppler mode to transmission of the
ultrasonic wave corresponding to at least one of the B mode
and the color Doppler mode by changing a repetition fre-
quency and parallel simultaneous reception of the B mode,
and the repetition frequency, parallel simultaneous recep-
tion, and the number of ensembles of the color mode.

7. The apparatus according to claim 1, wherein the
detection unit detects the pulsatory in accordance with an
instruction from an examiner.

8. The apparatus according to claim 1, wherein the
detection unit detects the pulsatory at a predetermined
interval.
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