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7) ABSTRACT

An ultrasonic diagnostic device according to an embodiment
includes transmission/reception circuitry and processing cir-
cuitry. The transmission/reception circuitry intermittently
executes first ultrasonic scanning on a first scanning region
of a subject in accordance with a first scanning condition for
generating a color Doppler image, and intermittently
executes second ultrasonic scanning on a second scanning
region of the subject in accordance with a second scanning
condition for generating a form image. The processing
circuitry generates a plurality of color Doppler images based
on first echo data collected through the first ultrasonic
scanning, generates a plurality of form images based on
second echo data collected through the second ultrasonic
scanning, and generates discrimination information for dis-
criminating, from another color Doppler image, a color
Doppler image related to a time phase in which a temporal
change in luminance distribution of each of the form images
is relatively large or small.
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ULTRASONIC DIAGNOSTIC DEVICE AND
METHOD OF GENERATING
DISCRIMINATION INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-083892, filed on Apr. 19, 2016; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic device and a method of generating
discrimination information.

BACKGROUND

[0003] There is known an ultrasonic diagnostic device
having a function of generating and displaying blood flow
information based on reflected waves of ultrasonic waves
using the Doppler method based on the Doppler effect. In
recent years, developed is a technique of generating a color
Doppler image obtained by visualizing blood flow informa-
tion in which a clutter component derived from a slowly
moving tissue is greatly suppressed by visualizing a blood
flow with high speed, high resolution, and a high frame rate.
This color Doppler image is viewed by a user such as a
doctor in diagnosing a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram illustrating a configura-
tion example of an ultrasonic diagnostic device according to
a first embodiment;

[0005] FIG. 2 is a diagram illustrating a configuration
example of the Doppler processing circuitry according to the
first embodiment;

[0006] FIG. 3 is a diagram for explaining an example
processing performed by an MTI filter;

[0007] FIG. 4 is a diagram for explaining an example of
first ultrasonic scanning and second ultrasonic scanning
according to the first embodiment;

[0008] FIG. 5 is a diagram for explaining another example
of the first ultrasonic scanning and the second ultrasonic
scanning according to the first embodiment;

[0009] FIG. 6 is a diagram for explaining an example of
processing performed by processing circuitry according to
the first embodiment;

[0010] FIG. 7A is a diagram illustrating an example of a
display form according to the first embodiment;

[0011] FIG. 7B is a diagram illustrating an example of the
display form according to the first embodiment;

[0012] FIG. 8 is a flowchart for explaining an example of
ultrasonic scanning control processing performed by the
ultrasonic diagnostic device according to the first embodi-
ment;

[0013] FIG. 9 is a diagram for explaining an example of
discrimination information according to a second embodi-
ment; and

[0014] FIG. 10 is a diagram for explaining an example of
discrimination information according to a third embodiment.
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DETAILED DESCRIPTION

[0015] An ultrasonic diagnostic device according to an
embodiment includes transmission reception circuitry and
processing circuitry. The transmission/reception circuitry
intermittently performs first ultrasonic scanning on a first
scanning region of a subject in accordance with a first
scanning condition for generating a color Doppler image,
and intermittently performs second ultrasonic scanning on a
second scanning region of the subject in accordance with a
second scanning condition for generating a form image. The
processing circuitry generates a plurality of color Doppler
images based on first echo data collected through the first
ultrasonic scanning, generates a plurality of form images
based on second echo data collected through the second
ultrasonic scanning, and generates discrimination informa-
tion for discriminating, from another color Doppler image,
a color Doppler image related to a time phase in which a
temporal change in luminance distribution of each of the
form images is relatively large or a time phase in which the
temporal change is relatively small.

[0016] The following describes the ultrasonic diagnostic
device and a method of generating discrimination informa-
tion according to the embodiment with reference to the
drawings.

First Embodiment

[0017] FIG. 1 is a block diagram illustrating a configura-
tion example of an ultrasonic diagnostic device according to
a first embodiment. As illustrated in FIG. 1, an ultrasonic
diagnostic device 1 according to the first embodiment
includes an ultrasonic probe 101, an input device 102, a
display 103, and a device main body 100. The ultrasonic
probe 101, the input device 102, and the display 103 are
connected to the device main body 100 in a communicable
manner. A subject. P is not included in the configuration of
the ultrasonic diagnostic device 1.

[0018] The ultrasonic probe 101 transmits receives ultra-
sonic waves. For example, the ultrasonic probe 101 includes
a plurality of piezoelectric transducer elements. The piezo-
electric transducer elements generate ultrasonic waves based
on a drive signal supplied from transmission reception
circuitry 110 (described later) included in the device main
body 100. The piezoelectric transducer elements included in
the ultrasonic probe 101 receive reflected waves from the
subject P, and convert the reflected waves into electric
signals. The ultrasonic probe 101 includes a matching layer
arranged in the piezoelectric transducer element, and a
backing material that prevents the ultrasonic waves from
propagating rearward from the piezoelectric transducer ele-
ment. The ultrasonic probe 101 is detachably connected to
the device main body 100.

[0019] When the ultrasonic waves are transmitted from the
ultrasonic probe 101 to the subject P, the transmitted ultra-
sonic waves are successively reflected by a discontinuous
surface of acoustic impedance in body tissues of the subject
P, and received as reflected wave signals by the piezoelectric
transducer elements included in the ultrasonic probe 101.
Amplitude of the received reflected wave signal depends on
a difference in acoustic impedance on the discontinuous
surface that reflects the ultrasonic waves. The reflected wave
signal obtained when a transmitted ultrasonic pulse is
reflected by a surface of a moving blood flow, a cardiac wall,
and the like is subjected to a frequency shift depending on
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a speed component with respect to an ultrasonic wave
transmitting direction of a mobile object due to the Doppler
effect.

[0020] The ultrasonic probe 101 according to the first
embodiment can be applied to both of a 1D array probe that
two-dimensionally scans the subject P and a mechanical 4D
probe or a 2D array probe that three-dimensionally scans the
subject P.

[0021] The input device 102 corresponds to a device such
as a mouse, a keyboard, a button, a panel switch, a touch
command screen, a foot switch, a trackball, a dial, a joystick,
and a freeze button. The input device 102 receives various
setting requests from a user of the ultrasonic diagnostic
device 1, and transfers the received various setting requests
to the device main body 100.

[0022] The display 103 displays a graphical user interface
(GUI) for the user of the ultrasonic diagnostic device 1 to
input various setting requests using the input device 102, and
displays a B-mode image, a color Doppler, and the like
generated by the device main body 100. For example, the
display 103 is implemented by a liquid crystal monitor, a
cathode ray tube (CRT) monitor, and a touch panel.

[0023] The device main body 100 is a device that gener-
ates ultrasonic image data based on the reflected wave signal
received by the ultrasonic probe 101. The ultrasonic image
data generated by the device main body 100 illustrated in
FIG. 1 may be two-dimensional ultrasonic image data gen-
erated based on a two-dimensional reflected wave signal, or
may be a three-dimensional ultrasonic image data generated
based on a three-dimensional reflected wave signal.

[0024] As exemplified in FIG. 1, the device main body
100 includes the transmission/reception circuitry 110,
B-mode processing circuitry 120, Doppler processing cir-
cuitry 130, processing circuitry 140, an image memory 150,
and internal storage circuitry 160. The transmission/recep-
tion circuitry 110, the B-mode processing circuitry 120, the
Doppler processing circuitry 130, the processing circuitry
140, the image memory 150, and the internal storage cir-
cuitry 160 are connected to each other in a communicable
manner.

[0025] The transmission/reception circuitry 110 controls
transmission and reception of ultrasonic waves performed
by the ultrasonic probe 101 based on an instruction from the
processing circuitry 140. For example, based on the instruc-
tion from the processing circuitry 140, the transmission/
reception circuitry 110 according to the first embodiment
controls transmission and reception of ultrasonic waves
performed by the ultrasonic probe 101 so that first ultrasonic
scanning is intermittently performed on a first scanning
region of the subject P in accordance with a first scanning
condition for generating a color Doppler image. Addition-
ally, based on the instruction from the processing circuitry
140, the transmission/reception circuitry 110 controls trans-
mission and reception of ultrasonic waves performed by the
ultrasonic probe 101 so that second ultrasonic scanning is
intermittently performed on a second scanning region of the
subject P in accordance with a second scanning condition for
generating a B-mode image (form image). That is, the
transmission/reception circuitry 110 intermittently performs
the first ultrasonic scanning on the first scanning region of
the subject P in accordance with the first scanning condition
for generating a color Doppler image via the ultrasonic
probe 101. The transmission/reception circuitry 110 inter-
mittently performs the second ultrasonic scanning on the
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second scanning region of the subject P in accordance with
the second scanning condition for generating a B-mode
image via the ultrasonic probe 101.

[0026] The transmission/reception circuitry 110 includes a
pulse generator, transmission delay circuitry, and a pulser
and supplies a drive signal to the ultrasonic probe 101. The
pulse generator repeatedly generates a rate pulse for forming
transmission ultrasonic waves at a predetermined pulse
repetition frequency (PRF). The transmission delay circuitry
converges the ultrasonic waves generated from the ultra-
sonic probe 101 as a beam, and gives, to each rate pulse
generated by the pulse generator, a delay time for each
piezoelectric transducer element required for determining
transmission directivity. The pulser applies the drive signal
(drive pulse) to the ultrasonic probe 101 at a timing based on
the rate pulse. That is, the transmission delay circuitry
optionally adjusts the transmitting direction of the ultrasonic
waves transmitted from a surface of the piezoelectric trans-
ducer element by changing the delay time given to each rate
pulse.

[0027] The transmission/reception circuitry 110 has a
function of instantly changing a transmission frequency, a
transmission driving voltage, and the like to execute a
predetermined scanning sequence based on the instruction
from the processing circuitry 140. Specifically, the trans-
mission driving voltage is changed by a linear amplifier type
transmission circuitry that can instantly switch a value
thereof or a mechanism that electrically switches a plurality
of power supply units.

[0028] The transmission/reception circuitry 110 includes
amplifier circuitry, an analog/digital (A/D) converter, recep-
tion delay circuitry, an adder, and quadrature detection
circuitry, and performs various pieces of processing on the
reflected wave signal received by the ultrasonic probe 101 to
generate reflected wave data (echo data).

[0029] The amplifier circuitry amplifies the reflected wave
signal for each channel, and performs gain correction pro-
cessing. The A/D converter A/D-converts the gain-corrected
reflected wave signal. The reception delay circuitry gives, to
digital data, a reception delay time required for determining
reception directivity. The adder performs addition process-
ing of the reflected wave signal to which the reception delay
time is given by the reception delay circuitry. Through the
addition processing performed by the adder, a reflection
component from a direction corresponding to the reception
directivity of the reflected wave signal is emphasized.
[0030] The quadrature detection circuitry converts output
signals from the adder into a baseband in-phase signal (I
signal, I: In-phase) and a baseband quadrature-phase signal
(Q signal, Q: Quadrature-phase). The quadrature detection
circuitry stores the I signal and the Q signal (hereinafter,
referred to as an 1Q signal) in a buffer 111 as the reflected
wave data. The quadrature detection circuitry may convert
the output signal from the adder into a radio frequency (RF)
signal to be stored in the buffer 111. Each of the IQ signal
and the RF signal is a signal (reception signal) including
phase information.

[0031] Thebuffer 111 is a buffer that temporarily stores the
reflected wave data (IQ signal) generated by the transmis-
sion/reception circuitry 110. Specifically, the buffer 111
stores 1Q signals corresponding to several frames, or 1Q
signals corresponding to several volumes. For example, the
buffer 111 is a first-in/first-out (FIFO) memory that stores 1Q
signals corresponding to predetermined frames. For
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example, when another IQ signal corresponding to one
frame is generated by the transmission/reception circuitry
110, the buffer ill discards an IQ signal corresponding to one
frame the generation time of which is the oldest, and stores
the 1Q signal corresponding to one frame that is newly
generated. The buffer 111 is connected to the transmission/
reception circuitry 110, the B-mode processing circuitry
120, and the Doppler processing circuitry 130 in a commu-
nicable manner.

[0032] The transmission/reception circuitry 110 can gen-
erate reflected wave data of a plurality of reception focuses
from the reflected wave signal of each piezoelectric trans-
ducer element obtained through one time of transmission of
an ultrasonic beam. That is, the transmission/reception cit-
cuitry 110 is circuitry that can perform parallel simultaneous
reception processing. The first embodiment can be applied
even when the transmission/reception circuitry 110 cannot
perform parallel simultaneous reception processing.

[0033] Each of the B-mode processing circuitry 120 and
the Doppler processing circuitry 130 is a processor that
performs various pieces of signal processing on the reflected
wave data generated from the reflected wave signal by the
transmission/reception circuitry 110. The B-mode process-
ing circuitry 120 performs logarithmic amplification, enve-
lope detection processing, logarithmic compression, and the
like on the reflected wave data read out from the buffer 111
to generate B-mode data in which multipoint signal intensity
is expressed as luminance.

[0034] The B-mode processing circuitry 120 can change a
frequency band to be visualized by changing a detection
frequency through filter processing. By using a filter pro-
cessing function of the B-mode processing circuitry 120,
harmonic imaging such as contrast harmonic imaging (CHI)
and tissue harmonic imaging (THI) can be executed.
[0035] By using the filter processing function of the
B-mode processing circuitry 120, the ultrasonic diagnostic
device 1 according to the first embodiment can execute
tissue harmonic imaging (THI).

[0036] In executing harmonic imaging such as CHI and
THI, the B-mode processing circuitry 120 can extract a
harmonic component using a method different from the
method using the filter processing described above. In
harmonic imaging, used is an imaging method such as an
amplitude modulation (AM) method, a phase modulation
(PM) method, and an AMPM method combining the AM
method and the PM method. In the AM method, the PM
method, and the AMPM method, ultrasonic wave transmis-
sion is performed with respect to the same scanning line
multiple times with different amplitude and different phases.
Accordingly, the transmission/reception circuitry 110 gen-
erates and outputs a plurality of pieces of reflected wave data
on each scanning line. The B-mode processing circuitry 120
performs addition and subtraction processing on the pieces
of reflected wave data of each scanning line in accordance
with the modulation method to extract the harmonic com-
ponent. The B-mode processing circuitry 120 performs
envelope detection processing and the like on the reflected
wave data of the harmonic component to generate the
B-mode data.

[0037] The Doppler processing circuitry 130 performs
frequency analysis on the reflected wave data read out from
the buffer 111 to generate Doppler data obtained by extract-
ing motion information based on the Doppler effect of a
mobile object within a scanning range. Specifically, the
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Doppler processing circuitry 130 generates the Doppler data
obtained by estimating average speed, an average variance,
and the like as the motion information of the mobile object
at each of a plurality of sample points. In this case, the
mobile object is, for example, a blond flow, a tissue such as
a cardiac wall, and a contrast medium. Examples of the
blood flow include an intracardiac blood flow and a blood
flow within the cardiac wall. The Doppler processing cit-
cuitry 130 according to the present embodiment generates
the Doppler data obtained by estimating average speed of
the blood flow, an average variance of the blood flow, and
the like as the motion information of the blood flow (blood
flow information) at each of a plurality of sample points.
[0038] By using the function of the Doppler processing
circuitry 130 described above, the ultrasonic diagnostic
device 1 according to the present embodiment can execute
a color Doppler method, which is also called a color flow
mapping (CFM) method. In the CFM method, transmission
and reception of ultrasonic waves are performed multiple
times on a plurality of scanning lines. In the CFM method,
a moving target indicator (MTI) filter is applied to a data
column at the same position to suppress a signal (clutter
signal) derived from a static tissue or a slowly moving
tissue, and a signal derived from the blood flow is extracted.
That is, in the CFM method, a blood flow component
derived from the blood flow is extracted from the data
column at the same position by suppressing the clutter
component derived from the slowly moving tissue with the
MTI filter. In the CFM method, the blood flow information
such as speed of the blood flow and a variance of the blood
flow is estimated based on a blood flow signal. The pro-
cessing circuitry 140 (described later) generates a color
Doppler image as an ultrasonic image in which distribution
of estimation results is two-dimensionally color-displayed,
for example. The Doppler processing circuitry 130 performs
filter processing in a frame direction on a plurality of data
columns of the reflected wave data at the same position of
a plurality of frames to collect the blood flow information.
[0039] As the MTI filter, typically used is a filter the
coeflicient of which is fixed such as a Butterworth type
infinite impulse response (IIR) filter and a polynomial
regression filter. On the other hand, the Doppler processing
circuitry 130 according to the present embodiment includes,
as the MTI filter, an adaptive MTI filter the coeflicient of
which is changed in accordance with an input signal. Spe-
cifically, the Doppler processing circuitry 130 according to
the present embodiment includes, as the adaptive MTI filter,
a filter called an “eigenvector regression filter”. The “eigen-
vector regression filter” as the adaptive 1011 filter using an
eigenvector is also called an “eigenvector MTT filter”.
[0040] The eigenvector MTI filter calculates an eigenvec-
tor from a correlation matrix, and calculates a coefficient to
be used for clutter component suppression processing from
the calculated eigenvector. This method is an application of
a method used for principal component analysis, Karhunen-
Loeve transform, and an eigenspace method.

[0041] The Doppler processing circuitry 130 according to
the first embodiment including the eigenvector MTT filter
calculates a correlation matrix of the scanning range from a
continuous data column of the reflected wave data at the
same position (same sample point). For example, the Dop-
pler processing circuitry 130 calculates an eigenvalue of the
correlation matrix and an eigenvector corresponding to the
eigenvalue. The Doppler processing circuitry 130 calculates
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a matrix obtained by lowering a rank of the matrix in which
each eigenvector is arranged based on magnitude of each
eigenvalue, for example, as a filter matrix for suppressing
the clutter component. The Doppler processing circuitry 130
determines, for example, the number of principal compo-
nents to be reduced, that is, a value of the number of ranks
to be cut based on a preset value or a value designated by the
user. However, when the scanning range includes a tissue
such as a heart and a blood vessel the moving speed of which
varies with the lapse of time due to pulsation, it is preferable
that the value of the number of ranks to be cut is adaptively
determined based on magnitude of the eigenvalue. That is,
the Doppler processing circuitry 130 changes the number of
principal components to be reduced depending on magni-
tude of the eigenvalue of the correlation matrix. In the
present embodiment, the Doppler processing circuitry 130
chances the number of ranks to be reduced depending on
magnitude of the eigenvalue.

[0042] The Doppler processing circuitry 130 generates a
data column obtained by suppressing the clutter signal and
extracting the blood flow signal from the continuous data
column of the reflected wave data at the same position using
the filter matrix. The Doppler processing circuitry 130
performs an arithmetic operation such as an auto correlation
arithmetic operation using the generated data to estimate the
blood flow information, and outputs the estimated blood
flow information as the Doppler data.

[0043] FIG. 2 is a diagram illustrating a configuration
example of the Doppler processing circuitry according to the
first embodiment. As illustrated in the example of FIG. 2, the
Doppler processing circuitry 130 includes an MTT filter 131,
autocorrelation arithmetic operation circuitry 132, and aver-
age speed/variance arithmetic operation circuitry 133.
[0044] FIG. 3 is a diagram for explaining an example of
filter processing performed by the Mil filter. As illustrated in
the example of FIG. 3, to obtain filter output data (a blood
flow signal) for the “n”-th frame, the MTI filter 131 uses
reflected wave data (a reception signal) of the “n”-th frame,
reflected wave data (a reception signal) of past three frames
(the “n=3"-th frame to the “n-1"-th frame), and filter output
data (a blood flow signal) of the past three frames at the same
position. As described later, these pieces of reflected wave
data are pieces of reflected wave data generated by perform-
ing transmission and reception of ultrasonic waves once for
each of a plurality of scanning lines that form a scanning
range (first scanning region) of one frame. Through the filter
processing with the MTT filter 131, the blood flow signal
from which the clutter signal is removed is extracted with
high accuracy. For example, data is infinitely and continu-
ously input to the MTI filter 131, so that a transient response
is not generated in the filter processing. For example, the
“n”-th frame corresponds to the n-th reflected wave data
collected in the first ultrasonic scanning that is started when
the ultrasonic diagnostic device 1 receives a scanning start
request from the user.

[0045] Returning to FIG. 2, the autocorrelation arithmetic
operation circuitry 132 takes a complex conjugate of the IQ
signal of the blood flow signal of the latest frame and the 1Q
signal of the blood flow signal of a previous frame to
calculate an autocorrelation value.

[0046] The average speed/variance arithmetic operation
circuitry 133 calculates average speed and variance from the
autocorrelation value calculated by the autocorrelation arith-
metic operation circuitry 132. The average speed/variance
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arithmetic operation circuitry 133 then outputs the average
speed and the variance as the Doppler data to the processing
circuitry 140.

[0047] The Doppler processing circuitry 130 may further
include power arithmetic operation circuitry, power addition
circuitry, and logarithmic compression circuitry. The power
arithmetic operation circuitry calculates power by adding a
square of an absolute value of a real part of the 1Q signal of
the blood flow signal to a square of an absolute value of an
imaginary part thereof. A value of the power shows scatter-
ing intensity caused by a reflector (for example, blood cell)
smaller than a wavelength of the transmission ultrasonic
wave. The power addition circuitry adds power at respective
points together across optional frames. The logarithmic
compression circuitry performs logarithmic compression on
an output from the power addition circuitry, and outputs, as
the Doppler data, the output from the power addition cir-
cuitry on which logarithmic compression is performed.
[0048] Returning to FIG. 1, the processing circuitry 140
has a function of generating various images and a function
of controlling the entire processing of the ultrasonic diag-
nostic device 1. First, the following describes the function of
generating various images. The processing circuitry 140
generates a plurality of color Doppler images based on the
reflected wave data collected through the first ultrasonic
scanning. The processing circuitry 140 generates a plurality
of B-mode images based on the reflected wave data col-
lected through the second ultrasonic scanning. The reflected
wave data collected through the first ultrasonic scanning is
an example of first reflected wave data (first echo data). The
reflected wave data collected through the second ultrasonic
scanning is an example of second reflected wave data
(second echo data).

[0049] For example, the processing circuitry 140 gener-
ates an ultrasonic image from data generated by the B-mode
processing circuitry 120 and the Doppler processing cir-
cuitry 130. As a specific example, the processing circuitry
140 generates a two-dimensional B-mode image in which
intensity of the reflected wave is expressed as luminance
from two-dimensional B-mode data generated by the
B-mode processing circuitry 120. The processing circuitry
140 generates a two-dimensional Doppler image in which
the blood flow information is visualised from two-dimen-
sional Doppler data generated by the Doppler processing
circuitry 130. The two-dimensional Doppler image is a
speed image, a variance image, or a combination thereof.
The processing circuitry 140 generates, as the Doppler
image, color Doppler image data in which the blood flow
information is color-displayed, or generates Doppler image
data in which a piece of blood flow information is displayed
with a gray scale.

[0050] Typically, the processing circuitry 140 converts
(scan-converts) a scanning line signal string of ultrasonic
scanning into a scanning line signal string of a video format
represented by a television and the like, and generates an
ultrasonic image data for display. Specifically, the process-
ing circuitry 140 performs coordinate transformation in
accordance with a mode of scanning the ultrasonic waves by
the ultrasonic probe 101 to generate the ultrasonic image
data for display. In addition to the scan-conversion, the
processing circuitry 140 performs, as various pieces of
image processing, image processing (smoothing processing)
for regenerating an average value image of luminance,
image processing (edge emphasis processing) using a dif-
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ferential filter in an image, and the like using a plurality of
image frames after the scan-conversion, for example. The
processing circuitry 140 synthesizes the ultrasonic image
data with character information of various parameters, a
scale, a body mark, and the like.

[0051] That is, the B-mode data and the Doppler data are
ultrasonic image data before scan-conversion processing,
and the data generated by the processing circuitry 140 is the
ultrasonic image data for display after scan-conversion
processing. Each of the B-mode data and the Doppler data
is also called raw data. The processing circuitry 140 gener-
ates a two-dimensional ultrasonic image for display from
two-dimensional ultrasonic image data before scan-conver-
sion processing.

[0052] Additionally, the processing circuitry 140 performs
coordinate transformation on three-dimensional B-mode
data generated by the B-mode processing circuitry 120 to
generate a three-dimensional B-mode image. The processing
circuitry 140 performs coordinate transformation on three-
dimensional Doppler data generated by the Doppler pro-
cessing circuitry 130 to generate a three-dimensional Dop-
pler image.

[0053] To generate various two-dimensional images for
displaying volume data on the display 103, the processing
circuitry 140 performs rendering processing on the volume
data. Examples of the rendering processing performed by
the processing circuitry 140 include processing of generat-
ing an MPR image from the volume data by performing
multi planer reconstruction (MPR). Examples of the render-
ing processing performed by the processing circuitry 140
also include volume rendering (VR) processing of generat-
ing a two-dimensional image in which three-dimensional
information is reflected.

[0054] Next, the following describes the function of con-
trolling the entire processing of the ultrasonic diagnostic
device 1. For example, the processing circuitry 140 controls
pieces of processing of the transmission/reception circuitry
110, the B-mode processing circuitry 120, and the Doppler
processing circuitry 130 based on various setting requests
input by the user via the input device 102 and various control
programs and various pieces of data read from the internal
storage circuitry 160. The processing circuitry 140 controls
the display 103 to display the ultrasonic image for display
stored in the image memory 150 or the internal storage
circuitry 160.

[0055] For example, the processing circuitry 140 controls
the ultrasonic probe 101 via the transmission/reception
circuitry 110 to control ultrasonic scanning. Typically, in the
CFM method, the B-mode image as a tissue image data is
displayed together with the color Doppler image as a blood
flow image data. To perform such display, the processing
circuitry 140 causes the ultrasonic probe 101 to execute the
first ultrasonic scanning for acquiring the blood flow infor-
mation in the first scanning region. The first ultrasonic
scanning is, for example, ultrasonic scanning for collecting
the color Doppler image data in a Doppler mode. The
processing circuitry 140 also causes the ultrasonic probe 101
to execute the second ultrasonic scanning for acquiring
information of a tissue shape in the second scanning region
together with the first ultrasonic scanning. The second
ultrasonic scanning is, for example, ultrasonic scanning for
collecting B-mode image data in a B-mode.

[0056] Programs corresponding to the various pieces of
processing described above performed by the processing
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circuitry 140 are stored in the internal storage circuitry 160
in a computer-executable manner. The processing circuitry
140 is a processor that reads out each program from the
internal storage circuitry 160, and executes the read program
to perform the various pieces of processing described above.
[0057] In the embodiment described above, the various
pieces of processing described above are performed by a
single processing circuitry 140. Alternatively, the processing
circuitry may be configured by combining a plurality of
independent processors, and each processor may execute the
program to perform corresponding processing.

[0058] The word “processor” used in the above descrip-
tion means, for example, a central processing unit (CPU), a
graphics processing unit (GPU), or circuitry such as an
application specific integrated circuit (ASIC) and a program-
mable logic device (for example, a simple programmable
logic device (SPLD), a complex programmable logic device
(CPLD), and a field programmable gate array (FPGA)). The
processor reads out and executes the program stored in the
internal storage circuitry 160 to implement various func-
tions. Instead of storing the program in the internal storage
circuitry 160, the program may be directly incorporated in
circuitry of the processor. In this case, the processor reads
out and executes the program incorporated in the circuitry to
implement various functions. Each processor according to
the present embodiment is not necessarily configured as a
single circuitry. A plurality of independent circuitries may be
combined to be one processor to implement the function
thereof. A plurality of components in each drawing may be
integrated into one processor to implement the function
thereof.

[0059] The image memory 150 is a memory that stores
image data for display generated by the processing circuitry
140. The image memory 150 can also store the B-mode data
generated by the B-mode processing circuitry 120 and the
Doppler data generated by the Doppler processing circuitry
130. The B-mode data or the Doppler data stored in the
image memory 150 can be called by the user after diagnosis,
for example, and becomes an ultrasonic image for display
via the processing circuitry 140. The image memory 150 can
also store the reflected wave data output by the transmission/
reception circuitry 110. The image memory 150 is an
example of a storage circuitry.

[0060] The internal storage circuitry 160 stores a control
program for performing transmission and reception of ultra-
sonic waves, image processing, and display processing,
diagnostic information (for example, a patient ID and find-
ings of a doctor), and various pieces of data such as a
diagnostic protocol and various body marks. The internal
storage circuitry 160 is also used, for example, for keeping
the ultrasonic image generated by the processing circuitry
140 as needed. The data stored in the internal storage
circuitry 160 can be transferred to an external device via an
interface (not illustrated). The internal storage circuitry 160
can also store data transferred from an external device via an
interface (not illustrated).

[0061] The following describes a case in which, for
example, with the ultrasonic diagnostic device, the user sets
a region of interest with respect to a vigorously moving
tissue such as a cardiac wall, and tries to check the color
Doppler image (myocardial perfusion image) in which a
blood flow in a capillary of the tissue such as a cardiac wall
is visualized. One heartbeat includes a time phase in which
movement of the tissue such as the cardiac wall is vigorous
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(variation is relatively large), and a time phase in which the
movement thereof is gentle (variation is relatively small). In
the data column of the reflected wave data collected in the
time phase in which the movement of the tissue is vigorous,
a spectrum of the clutter component may be overlapped with
a spectrum of the blood flow component in some cases.
Thus, when the MTT filter is applied to such a data column
of the reflected wave data, the blood flow component may be
hardly separated from the clutter component as a noise
component. Accordingly, the myocardial perfusion image is
not a high-definition image in some cases, the myocardial
perfusion image being generated based on the reflected wave
data collected in the time phase in which the movement of
the tissue is vigorous. It is hard to say that such a low-
definition myocardial perfusion image is useful for diagnos-
ing the subject.

[0062] On the other hand, in the data column of the
reflected wave data collected in the time phase in which the
movement of the tissue is gentle, the spectrum of the clutter
component is highly likely not to be overlapped with the
spectrum of the blood flow component. When the MTT filter
is applied to such a data column of the reflected wave data,
the blood flow component can be separated from the clutter
component in some cases. Accordingly, the myocardial
perfusion image is highly likely to be a high-definition
image, the myocardial perfusion image being generated
based on the reflected wave data collected in the time phase
in which the movement of the tissue is gentle. Such a
high-definition myocardial perfusion image is useful for
diagnosing the subject.

[0063] As described above, a plurality of color Doppler
images generated in accordance with one heartbeat include
the color Doppler image useful for diagnosis and the color
Doppler image that is not useful for diagnosis.

[0064] Thus, as described below, the ultrasonic diagnostic
device 1 according to the first embodiment presents, to the
user, information useful for diagnosis indicating that which
color Doppler image is useful for diagnosis among a plu-
rality of color Doppler images. Accordingly, the user can
easily grasp that which color Doppler image is useful for
diagnosis among a plurality of color Doppler images. Thus,
convenience for the user to perform diagnosis can be
enhanced.

[0065] The ultrasonic diagnostic device 1 according to the
first embodiment visualizes the blood flow with high speed,
high resolution, and a high frame rate to perform, as the first
ultrasonic scanning, ultrasonic scanning for the Doppler
mode for obtaining blood flow information in which the
clutter component is significantly suppressed as compared
with the typical Doppler method. For example, the first
ultrasonic scanning is executed by repeating a scanning
mode in which the reflected wave data at the same position
can be collected across a plurality of frames through trans-
mission and reception of ultrasonic waves in a scanning
range including a plurality of scanning lines. More specifi-
cally, the first ultrasonic scanning according to the first
embodiment is executed by repeating the scanning mode in
which the ultrasonic waves are transmitted and received
once for each scanning line in the scanning range including
a plurality of scanning lines. This scanning mode is the same
as that of ultrasonic scanning executed in the typical
B-mode, and is the same as the scanning mode performed in
the CFM method for improving the frame rate.
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[0066] The ultrasonic diagnostic device 1 executes ultra-
sonic scanning in the second scanning region as the second
ultrasonic scanning during the first ultrasonic scanning.
Accordingly, in the first embodiment, a scanning condition
can be independently set for the first ultrasonic scanning and
the second ultrasonic scanning.

[0067] The following describes an example of the first
ultrasonic scanning and the second ultrasonic scanning with
reference to FIG. 4. FIG. 4 is a diagram for explaining an
example of the first ultrasonic scanning and the second
ultrasonic scanning according to the first embodiment. In
FIG. 4, “B” represents the second scanning region in which
ultrasonic scanning is performed using a transmission/re-
ception condition for the B-mode. In FIG. 4, “D” represents
the first scanning region in which ultrasonic scanning is
performed using a transmission/reception condition for the
color Doppler mode. For example, in the first ultrasonic
scanning illustrated in FIG. 4, transmission and reception of
ultrasonic waves are performed once for each scanning line
instead of transmitting the ultrasonic waves multiple times
in the same direction and receiving the reflected waves
multiple times like the typical color Doppler method. That
is, the processing circuitry 140 transmits, to the transmis-
sion/reception circuitry 110, an instruction to cause the
ultrasonic probe 101 to execute ultrasonic scanning for
collecting the Doppler image data of the blood flow as the
first ultrasonic scanning. The processing circuitry 140 trans-
mits, to the Doppler processing circuitry 130, an instruction
to perform filter processing in the frame direction on the
reflected wave data acquired from each of a plurality of
scanning lines included in the first scanning region. The
processing circuitry 140 according to the first embodiment
performs transmission and reception of ultrasonic waves
once for each of a plurality of scanning lines included in the
first scanning region to acquire a reception signal for each of
the scanning lines included in the first scanning region, and
causes ultrasonic scanning for acquiring the data column in
the frame direction in which filter processing is performed to
be executed as the first ultrasonic scanning. That is, the
processing circuitry 140 according to the first embodiment
performs transmission and reception of ultrasonic waves
once for each of a plurality of scanning lines included in the
first scanning region as the first ultrasonic scanning, and
causes the ultrasonic scanning to be executed for acquiring
information related to motion of the mobile object using the
reflected waves corresponding to a plurality of frames.

[0068] As illustrated in the example of FIG. 4, first, the
processing circuitry 140 transmits, to the transmission/
reception circuitry 110, an instruction to cause the ultrasonic
probe 101 to execute ultrasonic scanning in the second
scanning region as the second ultrasonic scanning. Accord-
ingly, as illustrated in (1) of FIG. 4, the second ultrasonic
scanning is executed. The B-mode processing circuitry 120
generates the B-mode data corresponding to one frame
based on the reflected wave data corresponding to one frame
obtained through the second ultrasonic scanning. When the
B-mode data corresponding to one frame is generated, the
processing circuitry 140 generates the B-mode image based
on the generated B-mode data corresponding to one frame.
In this way, the B-mode image corresponding to one frame
is generated through one time of second ultrasonic scanning.
[0069] Next, the processing circuitry 140 transmits, to the
transmission/reception circuitry 110, an instruction to cause
the ultrasonic probe 101 to execute the first ultrasonic



US 2017/0296146 Al

scanning in the first scanning region. Accordingly, as illus-
trated in (2) of FIG. 4, the first ultrasonic scanning is
executed. The Doppler processing circuitry 130 generates
the Doppler data corresponding to one frame based on the
reflected wave data corresponding to one frame obtained
through the first ultrasonic scanning. When the Doppler data
corresponding to one frame is generated, the processing
circuitry 140 generates, as the Doppler image, the color
Doppler image in which the blood flow information is
color-displayed or generates the Doppler image in which
one piece of blood flow information is displayed with a gray
scale based on the generated Doppler data corresponding to
one frame. In this way, the Doppler image corresponding to
one frame is generated through one time of first ultrasonic
scanning.

[0070] The processing circuitry 140 transmits, to the trans-
mission/reception circuitry 110, an instruction to cause the
ultrasonic probe 101 to execute ultrasonic scanning in the
second scanning region as the second ultrasonic scanning.
Accordingly, as illustrated in (3) of BIG. 4, the second
ultrasonic scanning is executed. As a result, another B-mode
image corresponding to one frame is generated. The pro-
cessing circuitry 140 then transmits, to the transmission/
reception circuitry 110, an instruction to cause the ultrasonic
probe 101 to execute the first ultrasonic scanning in the first
scanning region. Accordingly, as illustrated in (4) of FIG. 4,
the first ultrasonic scanning is executed. As a result, another
Doppler image corresponding to one frame is generated.
[0071] The processing circuitry 140 then transmits, to the
transmission/reception circuitry 110, an instruction to cause
the ultrasonic probe 101 to execute ultrasonic scanning in
the second scanning region as the second ultrasonic scan-
ning. Accordingly, as illustrated in (5) of FIG. 4, the second
ultrasonic scanning is executed. As a result, another B-mode
image corresponding to one frame is generated. The pro-
cessing circuitry 140 then transmits, to the transmission/
reception circuitry 110, an instruction to cause the ultrasonic
probe 101 to execute the first ultrasonic scanning in the first
scanning region. Accordingly, as illustrated in (6) of FIG. 4,
the first ultrasonic scanning is executed. As a result, another
Doppler image corresponding to one frame is generated.
[0072] The processing circuitry 140 then transmits, to the
transmission/reception circuitry 110, an instruction to cause
the ultrasonic probe 101 to execute ultrasonic scanning in
the second scanning region as the second ultrasonic scan-
ning. Accordingly, as illustrated in (7) of FIG. 4, the second
ultrasonic scanning is executed. As a result, another B-mode
image corresponding to one frame is generated. The pro-
cessing circuitry 140 then transmits, to the transmission/
reception circuitry 110, an instruction to cause the ultrasonic
probe 101 to execute the first ultrasonic scanning in the first
scanning region. Accordingly, as illustrated in (8) of FIG. 4,
the first ultrasonic scanning is executed. As a result, another
Doppler image corresponding to one frame is generated.
[0073] As illustrated in the example of FIG. 4, a point X
on a certain scanning line in the first scanning region is
scanned once in each first ultrasonic scanning of (2), (4), (6),
and (8). The Doppler processing circuitry 130 performs the
filter processing described above on the data column (Xn-3,
Xn-2, Xn-1, Xn) at the same position between “D” frames
to output the motion information of the blood flow at the
point X.

[0074] In the example of FIG. 4, described is a case in
which the second scanning region is smaller than the first
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scanning region. Alternatively, as illustrated in the example
of FIG. 5, the second scanning region may be larger than the
first scanning region. FIG. 5 is a diagram for explaining
another example of the first ultrasonic scanning and the
second ultrasonic scanning according to the first embodi-
ment. In the example of FIG. 5, described is a configuration
in which the second scanning region is larger than the first
scanning region. Other configurations are the same as those
in the example of FIG. 4, so that redundant description will
not be repeated. The size of the first scanning region may be
the same as that of the second scanning region.

[0075] As described above, in the first embodiment, the
scanning condition can be independently set for the first
ultrasonic scanning and the second ultrasonic scanning. In
this way, in the first embodiment, an optimum scanning
condition for the B-mode can be set, and an optimum
scanning condition for the color Doppler mode can be set.
For example, in the first embodiment, an optimum scanning
condition for THI such as the PM method can be set as a
scanning condition for the second ultrasonic scanning. Thus,
in the first embodiment, image quality of the color Doppler
image (for example, the myocardial perfusion image
described above) and the B-mode image can be improved,
the color Doppler image and the B-mode image being
displayed at the same time. The scanning condition for the
second ultrasonic scanning may be different from a scanning
condition for the first ultrasonic scanning in at least one of
a frequency band of ultrasonic waves to be transmitted and
a frequency band of ultrasonic waves to be received. For
example, the frequency band of the ultrasonic waves to be
transmitted included in an operation condition for the second
ultrasonic scanning may be caused to be wider than the
frequency band of ultrasonic waves to be transmitted
included in an operation condition for the first ultrasonic
scanning, and the frequency band of the ultrasonic waves to
be received included in the operation condition for the
second ultrasonic scanning may be caused to be wider than
the frequency band of ultrasonic waves to be received
included in the operation condition for the first ultrasonic
scanning.

[0076] The processing circuitry 140 performs processing
described below every time the B-mode image is generated.
That is, the processing circuitry 140 calculates a temporal
change in luminance distribution of adjacent two B-mode
images in a time axis direction.

[0077] For example, the processing circuitry 140 calcu-
lates a difference between luminance of each pixel in a
predetermined region in one of the adjacent two B-mode
images and luminance of each pixel in a corresponding
region in the other one of the adjacent two B-mode images.
The predetermined region is a part or the entirety of the
scanning region. In addition, the predetermined region is a
region designated by the user’s operation or a region auto-
matically designated by image analysis on the B-mode
image, for example. Hereinafter, the “difference between
luminance of each pixel in a predetermined region in one
B-mode image and luminance of each pixel in a correspond-
ing region in the other B-mode image” may also be referred
to as the “difference between the luminance of one B-mode
image and the luminance of the other B-mode image”. The
processing circuitry 140 calculates the sum of differences in
luminance calculated for each pixel as the temporal change
in luminance distribution of the adjacent two B-mode
images. The processing circuitry 140 then determines
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whether the calculated sum of the differences in luminance
is smaller than a predetermined threshold.

[0078] In this way, every time the B-mode image is
generated, the processing circuitry 140 determines whether
the sum of the differences in luminance between the most
lately generated B-mode image and the B-mode image
generated immediately prior to the former B-mode image is
smaller than the predetermined threshold.

[0079] Ifitis determined that the sum of the differences in
luminance is smaller than the predetermined threshold a
predetermined number of times or more in a row, the
processing circuitry 140 specifies a time phase correspond-
ing to the B-mode image the sum of the differences in
luminance of which is successively determined to be smaller
than the predetermined threshold as a time phase in which
the temporal change in luminance distribution is relatively
small.

[0080] FIG. 6 is a diagram for explaining an example of
processing performed by the processing circuitry according
to the first embodiment. In FIG. 6, (1) illustrates the B-mode
image generated based on the reflected wave data obtained
through the second ultrasonic scanning illustrated in (1) of
FIG. 4. In FIG. 6, (3) illustrates the B-mode image generated
based on the reflected wave data obtained through the
second ultrasonic scanning illustrated in (3) of FIG. 4. In
FIG. 6, (5) illustrates the B-mode image generated based on
the reflected wave data obtained through the second ultra-
sonic scanning illustrated in (5) of FIG. 4. In FIG. 6, (7)
illustrates the B-mode image generated based on the
reflected wave data obtained through the second ultrasonic
scanning illustrated in (7) of FIG. 4.

[0081] In FIG. 6, (2) illustrates the color Doppler image
generated based on the reflected wave data obtained through
the first ultrasonic scanning illustrated in (2) of FIG. 4. In
FIG. 6, (4) illustrates the color Doppler image generated
based on the reflected wave data obtained through the first
ultrasonic scanning illustrated in (4) of FIG. 4. In F1G. 6, (6)
illustrates the color Doppler image generated based on the
reflected wave data obtained through the first ultrasonic
scanning illustrated in (6) of FIG. 4. In FIG. 6, (8) illustrates
the color Doppler image generated based on the reflected
wave data obtained through the first ultrasonic scanning
illustrated in (8) of FIG. 4.

[0082] There is only one B-mode image at a stage when
the B-mode image illustrated in (1) of FIG. 6 is generated,
so that the processing circuitry 140 does not perform pro-
cessing of calculating the temporal change in luminance
distribution of the adjacent two B-mode images described
above. When the B-mode image illustrated in (3) of FIG. 6
is generated, the processing circuitry 140 calculates the
difference between the luminance of each pixel in a prede-
termined region in the B-mode image illustrated in (1) of
FIG. 6 and the luminance of each pixel in a corresponding
region in the B-mode image illustrated in (3) of FIG. 6. The
processing circuitry 140 then calculates the sum of the
differences in luminance calculated for each pixel as the
temporal change in luminance distribution of the B-mode
image illustrated in (1) of FIG. 6 and the B-mode image
illustrated in (3) of FIG. 6. The processing circuitry 140
determines whether the calculated sum of the differences in
luminance is smaller than the predetermined threshold.
[0083] When the B-mode image illustrated in (5) of FIG.
6 is generated, the processing circuitry 140 calculates the
difference between the luminance of each pixel in a prede-
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termined region in the B-mode image illustrated in (3) of
FIG. 6 and the luminance of each pixel in a corresponding
region in the B-mode image illustrated in (5) of FIG. 6. The
processing circuitry 140 then calculates the sum of the
differences in luminance calculated for each pixel as the
temporal change in luminance distribution of the B-mode
image illustrated in (3) of FIG. 6 and the B-mode image
illustrated in (5) of FIG. 6. The processing circuitry 140
determines whether the calculated sum of the differences in
luminance is smaller than the predetermined threshold.

[0084] When the B-mode image illustrated in (7) of FIG.
6 is generated, the processing circuitry 140 calculates the
difference between the luminance of each pixel in a prede-
termined region in the B-mode image illustrated in (5) of
FIG. 6 and the luminance of each pixel in a corresponding
region in the B-mode image illustrated in (7) of FIG. 6. The
processing circuitry 140 then calculates the sum of the
differences in luminance calculated for each pixel as the
temporal change in luminance distribution of the B-mode
image illustrated in (5) of FIG. 6 and the B-mode image
illustrated in (7) of FIG. 6. The processing circuitry 140
determines whether the calculated sum of the differences in
luminance is smaller than the predetermined threshold.

[0085] The following describes a case in which the pre-
determined number of times described above is three, the
predetermined number of times being used for specifying
time phase in which the temporal change in luminance
distribution is relatively small. In this case, if it is deter-
mined that the calculated sum of the differences in lumi-
nance is smaller than the predetermined threshold in the
B-mode image illustrated in (1) of FIG. 6 and the B-mode
image illustrated in (3) of FIG. 6, in the B-mode image
illustrated in (3) of FIG. 6 and the B-mode image illustrated
in (5) of FIG. 6, and in the B-mode image illustrated in (5)
of FIG. 6 and the B-mode image illustrated in (7) of FIG. 6,
that is, if it is determined that the sum of the differences in
luminance is smaller than the predetermined threshold three
times in a row, the processing circuitry 140 performs the
following processing. That is, the processing circuitry 140
specifies, as the time phase in which the temporal change in
luminance distribution is relatively small, a time phase in a
range from the B-mode image illustrated in (1) of FIG. 6 to
the B-mode image illustrated in (7) of FIG. 6 in which the
sum of the differences in luminance is determined to be
smaller than the predetermined threshold three times in a
row. If the time phase in a range from the B-mode image
illustrated in (1) of FIG. 6 to the B-mode image illustrated
in (7) of FIG. 6 is specified as the time phase in which the
temporal change in luminance distribution is relatively
small, a time phase corresponding to the color Doppler
image illustrated in (2) of FIG. 6, the color Doppler image
illustrated in (4) of FIG. 6, and the color Doppler image
illustrated in (6) of FIG. 6 also becomes the time phase in
which the temporal change in luminance distribution is
relatively small.

[0086] The time phase in which the temporal change in
luminance distribution is relatively small is considered to be
a time phase in which movement of tissues such as a cardiac
wall is gentle, for example. Thus, the processing circuitry
140 can specify the time phase in which movement of tissues
such as a cardiac wall is gentle by specifying the time phase
in which the temporal change in luminance distribution is
relatively small.
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[0087] In subsequent processing, the processing circuitry
140 performs the same processing every time the B-mode
image is generated until it is determined that the sum of the
differences in luminance is equal to or larger than the
predetermined threshold. If it is determined that the sum of
the differences in luminance is equal to or larger than the
predetermined threshold, the processing circuitry 140 speci-
fies, as the time phase in which the temporal change in
luminance distribution is relatively small, a time phase in a
range from the B-mode image illustrated in (1) of FIG. 6 to
the B-mode image the sum of the differences in luminance
of which is lastly determined to be smaller than the prede-
termined threshold.

[0088] The processing circuitry 140 then generates dis-
crimination information for discriminating a color Doppler
image related to the specified time phase from another color
Doppler image among a plurality of color Doppler images.
For example, the following describes a case in which the
time phase corresponding to the color Doppler image illus-
trated in (2) of FIG. 6, the color Doppler image illustrated in
(4) of FIG. 6, and the color Doppler image illustrated in of
FIG. 6 is the time phase in which the temporal change in
luminance distribution is relatively small. In this case, the
processing circuitry 140 generates an image indicating a red
frame for discriminating, from another color Doppler image,
the color Doppler image illustrated in (2) of FIG. 6, the color
Doppler image illustrated in (4) of FIG. 6, and the color
Doppler image illustrated in (6) of FIG. 6 among a plurality
of color Doppler images. The processing circuitry 140 then
synthesizes the image indicating the red frame with each of
the color Doppler image illustrated in of FIG. 6, the color
Doppler image illustrated in (4) of FIG. 6, and the color
Doppler image illustrated in (6) of FIG. 6 so that the red
frame indicated by the generated image surrounds each of
the color Doppler image illustrated in (2) of FIG. 6, the color
Doppler image illustrated in (4) of FIG. 6, and the color
Doppler image illustrated in (6) of FIG. 6. Thus, when the
color Doppler image related to the specified time phase is
displayed, the image indicating the red frame is also dis-
played together with the color Doppler image.

[0089] The processing circuitry performs display control
as illustrated in FIGS. 7A and 7B, for example. FIGS. 7A
and 7B are diagrams illustrating an example of a display
form according to the first embodiment. FIG. 7A is a
diagram for schematically illustrating a positional relation
between the color Doppler image and the B-mode image on
the display 103. For example, in a real-time display mode in
which the B-mode image and the color Doppler image are
displayed in real time, the processing circuitry 140 controls
the display 103 to display the B-mode image on the left side
and perform superimposed display such that the B-mode
image is superimposed on the color Doppler image on the
right side as illustrated in FIGS. 7A and 7B. That is, when
the B-mode image is newly generated, the processing cir-
cuitry 140 updates the already displayed B-mode image with
the newly generated B-mode image. When the color Doppler
image is newly generated, the processing circuitry 140
updates the already displayed color Doppler image with the
newly generated color Doppler image. In the example illus-
trated in FIGS. 7A and 7B, the first scanning region is set in
the second scanning region.

[0090] For example, FIG. 7B illustrates a case in which
the B-mode image illustrated in FIG. 7A is the B-mode
image generated by THI, and the color Doppler image
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illustrated in FIG. 7A is the myocardial perfusion image
described above. In this case, the myocardial perfusion
image illustrated in FIG. 7B is a color Doppler image
corresponding to the time phase in which the temporal
change in luminance distribution is relatively small, so that
an image 20 indicating the red frame is displayed together
with the myocardial perfusion image. That is, the myocar-
dial perfusion image is highlighted to be emphasized. The
myocardial perfusion image illustrated in FIG. 7B is a color
Doppler image corresponding to the time phase in which the
temporal change in luminance distribution is relatively
small, which is a high-quality image through which the user
can check a flow of blood oozing out of a cardiac wall. In
this way, the ultrasonic diagnostic device 1 according to the
present embodiment presents, to the user, the image 20 as
information indicating that the displayed myocardial perfu-
sion image is a myocardial perfusion image useful for
diagnosis. Accordingly, the user can easily grasp that which
myocardial perfusion image is useful for diagnosis among a
plurality of myocardial perfusion images. Thus, conve-
nience for the user to perform diagnosis can be enhanced.

[0091] The B-mode image illustrated in FIGS. 7A and 7B
may be a typical B-mode image. The color Doppler image
illustrated in FIGS. 7A and 7B may be a color Doppler
image other than the myocardial perfusion image.

[0092] The processing circuitry 140 may perform other
display control in addition to the display control in real time.
For example, when the user presses a freeze button in the
real-time display mode, the processing circuitry 140 pro-
ceeds from the real-time display mode to a cine-reproduc-
tion mode. In the cine-reproduction mode, the processing
circuitry 140 acquires the B-mode image and the color
Doppler image stored in the image memory 150. When the
trackball, the dial or the like is rotated by the user, the
processing circuitry 140 reproduces the B-mode image and
the color Doppler image on the display 103 in accordance
with the rotational direction, rotation amount and the like of
the trackball or the dial. Alternatively, the processing cir-
cuitry 140 dynamically reproduces the B-mode image and
the color Doppler image on the display 103 without any
rotation of the trackball, the dial or the like. The display form
of the B-mode image and the color Doppler image is the
same as the display form in the real-time display mode
described above with reference to FIGS. 7A and 7B, for
example. Accordingly, the user can easily grasp that which
color Doppler image is useful for diagnosis among a plu-
rality of color Doppler images also in the cine-reproduction
mode. Thus, convenience for the user to perform diagnosis
can be enhanced.

[0093] However, in the present embodiment, there is a
difference between the real-time display mode and the
cine-reproduction mode as follows. For example, in the
real-time display mode, although the B-mode image and the
color Doppler image can be displayed in real time, the user
cannot easily grasp ail color Doppler images useful for
diagnosis in some cases. This is because the processing
circuitry 140 does not generate the information indicating
that which color Doppler image is useful for diagnosis (in
the above example, the image 20 indicating the red frame)
until it is determined that the sum of the differences in
luminance is smaller than the predetermined threshold the
predetermined number of times in a row. For example, even
when a time phase corresponding to a certain color Doppler
image is the time phase in which the temporal change in
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luminance distribution is relatively small, the image 20
indicating the red frame is not synthesized with the color
Doppler image at a stage when the processing circuitry 140
does not determine that the sum of the differences in
luminance is smaller than the predetermined threshold the
predetermined number of times or more in a row. Thus, in
the real-time display mode, at the stage when the sum of the
differences in luminance is not determined to be smaller than
the predetermined threshold the predetermined number of
times or more in a row, the color Doppler image useful for
diagnosis may be displayed as it is without being synthe-
sized with the image 20 indicating that the color Doppler
image is useful for diagnosis. Due to this, in the real-time
display mode, the user cannot easily grasp all color Doppler
images useful for diagnosis in some cases.

[0094] On the other hand, in the cine-reproduction mode,
when the freeze button is pressed after the processing
circuitry 140 determines that the sum of the differences in
luminance is smaller than the predetermined threshold the
predetermined number of times or more in a row, informa-
tion indicating that the image is useful for diagnosis is
generated for all the color Doppler images corresponding to
the time phase in which the temporal change in luminance
distribution is relatively small at the time when the freeze
button is pressed. Thus, in the cine-reproduction mode, the
user can easily grasp all the color Doppler images useful for
diagnosis.

[0095] Next, the following describes an example of ultra-
sonic scanning control processing performed by the ultra-
sonic diagnostic device according to the first embodiment
with reference to FIG. 8. FIG. 8 is a flowchart for explaining
an example of the ultrasonic scanning control processing
performed by the ultrasonic diagnostic device according to
the first embodiment.

[0096] As illustrated in FIG. 8, the processing circuitry
140 determines whether a start request for ultrasonic scan-
ning (scanning start request) is received (Step S101). If the
scanning start request is not received (No at Step S101), the
processing circuitry 140 performs determination at Step
S101 again.

[0097] On the other hand, if the scanning start request is
received (Yes at Step S101), the processing circuitry 140
causes the second ultrasonic scanning to be executed to
generate the B-mode image (Step S102). The processing
circuitry 140 then causes the first ultrasonic scanning to be
executed to generate the color Doppler image (Step 103).
The processing circuitry 140 then causes the second ultra-
sonic scanning to generate the B-mode image (Step S104).
[0098] The processing circuitry 140 calculates the sum of
the differences in luminance between the B-mode image
generated at Step S102 and the B-mode image generated at
Step S104, and determines whether the calculated sum of the
differences in luminance is smaller than the predetermined
threshold (Step S105). If the sum of the differences in
luminance is equal to or larger than the predetermined
threshold (No at Step S105), the process performed by the
processing circuitry 140 proceeds to Step S109 described
later.

[0099] On the other hand, if the sum of the differences in
luminance is smaller than the predetermined threshold (Yes
at Step S105), the processing circuitry 140 determines
whether the sum of the differences in luminance is deter-
mined to be smaller than the predetermined threshold the
predetermined number of tunes or more in a row (Step
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S106). If the number of times when the sum of the differ-
ences in luminance is successively determined to be smaller
than the predetermined threshold is smaller than the prede-
termined number (No at Step S106), the process performed
by the processing circuitry 140 proceeds to Step S109
described below.

[0100] On the other hand, if the sum of the differences in
luminance is determined to be smaller than the predeter-
mined threshold the predetermined number of times or more
in a row (Yes at Step S106), the processing circuitry 140
specifies, as the time phase in which the temporal change in
luminance distribution is relatively small, a time phase
corresponding to the B-mode image in which the sum of the
differences in luminance is successively determined to be
smaller than the predetermined threshold (Step S107). At
Step S107, the processing circuitry 140 also specifies, as the
time phase in which the temporal change in luminance
distribution is relatively small, a time phase corresponding
to the color Doppler image between the B-mode images in
which the sum of the differences in luminance is succes-
sively determined to be smaller than the predetermined
threshold.

[0101] The processing circuitry 140 generates discrimina-
tion information for discriminating the color Doppler image
related to the specified time phase from another color
Doppler image among a plurality of color Doppler images
(Step S108). The processing circuitry 140 determines
whether an end request for ultrasonic scanning (scanning
end request) is received (Step S109). If the scanning end
request is not received (No at Step S109), the process
performed by the processing circuitry 140 returns to Step
S103. If the process returns to Step S103 from Step S109,
the processing circuitry 140 causes the first ultrasonic scan-
ning to be executed to generate the color Doppler image at
Step S103, causes the second ultrasonic scanning to be
executed to generate the B-mode image at Step S104, and
calculates the sum of the differences in luminance between
the B-mode image currently generated at Step S104 and the
B-mode image previously generated at Step S104 to deter-
mine whether the calculated sum of the differences in
luminance is smaller than the predetermined threshold at
Step S105.

[0102] On the other hand, if the scanning end request is
received (Yes at Step S109), the processing circuitry 140
ends the ultrasonic scanning control processing.

[0103] The ultrasonic diagnostic device 1 according to the
first embodiment has been described above. As described
above, the ultrasonic diagnostic device 1 according to the
first embodiment can enhance convenience for the user to
perform diagnosis.

[0104] The first embodiment describes a case in which the
processing circuitry 140 specifies the time phase in which
movement of tissues such as a cardiac wall is gentle by
specifying the time phase in which the temporal change in
luminance distribution is relatively small. However, based
on a similar principle, the processing circuitry 140 can also
specify a time phase in which a hand shake of a tester
operating the ultrasonic probe 101 is small in scanning, and
a time phase in which movement of the subject P due to
breathing and the like is small, by specifying the time phase
in which the temporal change in luminance distribution is
relatively small. The processing circuitry 140 may generate
discrimination information for discriminating, from another
color Doppler image, the color Doppler image correspond-
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ing to the time phase in which a hand shake of a tester in
scanning is small among the generated color Doppler
images. Accordingly, the user can easily grasp that which
color Doppler image is useful for diagnosis like the color
Doppler image corresponding to the time phase in which a
hand shake of a tester in scanning is small among the
generated color Doppler images. The processing circuitry
140 may generate discrimination information for discrimi-
nating, from another color Doppler image, the color Doppler
image corresponding to the time phase in which movement
of the subject P due to breathing and the like is small among
the generated color Doppler images. Accordingly, the user
can easily grasp that which color Doppler image is useful for
diagnosis like the color Doppler image corresponding to the
time phase in which movement of the subject P due to
breathing and the like is small among the generated color
Doppler images.

[0105] The first embodiment describes a case in which the
transmission/reception circuitry 110 executes the second
ultrasonic scanning every time when executing the first
ultrasonic scanning once via the ultrasonic probe 101. How-
ever, the transmission/reception circuitry 110 may execute
the second ultrasonic scanning every time when executing
the first ultrasonic scanning a predetermined number of
times, not once. That is, the transmission/reception circuitry
110 may execute the second ultrasonic scanning every time
when executing the first ultrasonic scanning at least once.

Modification of First Embodiment

[0106] The first embodiment describes an example in
which the processing circuitry 140 specifies the time phase
in which the temporal change in luminance distribution is
relatively small. Alternatively, the processing circuitry 140
may specify a time phase in which the temporal change in
luminance distribution is relatively large.

[0107] For example, every time the B-mode image is
generated, the processing circuitry 140 determines whether
the sum of the differences in luminance between the most
lately generated B-mode image and the B-mode image
generated immediately prior to the former B-mode image is
equal to or larger than a predetermined threshold. The
processing circuitry 140 determines whether the sum of the
differences in luminance is determined to be equal to or
larger than the predetermined threshold the predetermined
number of times or more in a row. When the sum of the
differences in luminance is determined to be equal to or
larger than the predetermined threshold the predetermined
number of times or more in a row, the processing circuitry
140 specifies, as the time phase in which the temporal
change in luminance distribution is relatively large, a time
phase corresponding to the B-mode image in which the sum
of the differences in luminance is successively determined to
be equal to or larger than the predetermined threshold. The
processing circuitry 140 then generates discrimination infor-
mation for discriminating the color Doppler image related to
the specified time phase from another color Doppler image
among a plurality of color Doppler images. For example, as
the discrimination information, the processing circuitry 140
generates an image indicating a blue frame, and synthesizes
the image indicating the blue frame with the color Doppler
image related to the specified time phase.

[0108] Accordingly, the user can easily grasp the color
Doppler image not synthesized with the blue frame as the
color Doppler image useful for diagnosis. Thus, the ultra-
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sonic diagnostic device according to the modification of the
first embodiment can enhance convenience for the user to
perform diagnosis.

Second Embodiment

[0109] The first embodiment describes a case in which the
processing circuitry 140 generates the image indicating the
red frame as the discrimination information. However, the
discrimination information is not limited thereto. As the
discrimination information, the processing circuitry 140
may generate a mark serving as an indicator for causing the
user to easily grasp the color Doppler image is useful for
diagnosis. Such an embodiment will be described as a
second embodiment.

[0110] FIG. 9 is a diagram for explaining an example of
discrimination information according to the second embodi-
ment. The processing circuitry 140 according to the second
embodiment generates the mark described above as the
discrimination information. As illustrated in the example of
FIG. 9, the processing circuitry 140 synthesizes a mark 21
with the color Doppler image related to the time phase in
which the temporal change in luminance distribution is
relatively small among a plurality of color Doppler images,
and causes the display 103 to successively display a plurality
of color Doppler images including the color Doppler image
to which the mark 21 is synthesized in accordance with an
operation of the trackball, the dial or the like by the user.
Accordingly, the user can easily grasp the color Doppler
image to which the mark 21 is synthesized as the color
Doppler image useful for diagnosis. Thus, the ultrasonic
diagnostic device according to the second embodiment can
enhance convenience for the user to perform diagnosis.

Third Embodiment

[0111] The processing circuitry 140 may generate, as the
discrimination information, a graphic for notifying the user
that the color Doppler image is useful for diagnosis. Such an
embodiment will be described as a third embodiment.
[0112] FIG. 10 is a diagram for explaining an example of
discrimination information according to the third embodi-
ment. In the example of FIG. 10, described is a case in which
the color Doppler image in accordance with an operation of
the trackball, the dial or the like by the user is displayed from
among a plurality of color Doppler images. In the example
of FIG. 10, illustrated is a bar 22 indicating a generation
order of the color Doppler image being displayed on the
display 103. That is, a position of the bar 22 is moved to a
position corresponding to the generation order of a newly
displayed color Doppler every time the color Doppler image
displayed on the display 103 is switched.

[0113] The processing circuitry 140 according to the third
embodiment specifies the position of the bar 22 (smallest
order position) in a case in which the color Doppler image
the generation order of which is the smallest is displayed on
the display 103 from among a plurality of color Doppler
images related to the time phase in which the temporal
change in luminance distribution is relatively small, that is,
a plurality of color Doppler images useful for diagnosis. The
processing circuitry 140 specifies the position of the bar 22
(largest order position) in a case in which the color Doppler
image the generation order of which is the largest is dis-
played on the display 103 from among a plurality of color
Doppler images useful for diagnosis. As illustrated in the
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example of FIG. 10, the processing circuitry 140 generates
a graphic 23 in a range from the smallest order position to
the largest order position. The graphic 23 represents the
generation order of the color Doppler image useful for
diagnosis.

[0114] Thus, when the bar 22 is positioned on the graphic
23, the color Doppler image being displayed is the color
Doppler image useful for diagnosis. Due to this, the ultra-
sonic diagnostic device according to the third embodiment
can cause the user to easily grasp that the color Doppler
image being displayed is the color Doppler image useful for
diagnosis by causing the user to easily grasp that the bar 22
is positioned on the graphic 23. Accordingly, the ultrasonic
diagnostic device according to the third embodiment can
enhance convenience for the user to perform diagnosis.

Fourth Embodiment

[0115] The first embodiment to the third embodiment
describe a case in which the processing circuitry 140 speci-
fies, as the time phase in which the temporal change in
luminance distribution of the B-mode image is relatively
small, the time phase corresponding to the B-mode image in
which the sum of the differences in luminance is determined
to be smaller than the predetermined threshold the prede-
termined number of times or more in a row, and generates
the discrimination information for discriminating the color
Doppler image related to the specified time phase from
another color Doppler image. However, the processing cir-
cuitry 140 does not necessarily specify the time phase. Such
an embodiment will be described as a fourth embodiment.
[0116] For example, in the fourth embodiment, the pro-
cessing circuitry 140 treats, as the time phase in which the
temporal change in luminance distribution of the B-mode
image is relatively small, a time phase corresponding to the
B-mode image in which the sum of the differences in
luminance is determined to be smaller than the predeter-
mined threshold the predetermined number of times or more
in a row. The processing circuitry 140 generates discrimi-
nation information for discriminating, from another color
Doppler image, the color Doppler image related to the time
phase in which the temporal change in luminance distribu-
tion of the B-mode image is relatively small. In this way, in
the fourth embodiment, the processing circuitry 140 gener-
ates the discrimination information without specifying the
time phase.

Fifth Embodiment

[0117] Next, the following describes the ultrasonic diag-
nostic device 1 according to a fifth embodiment. The first
embodiment describes a case in which, in the cine-repro-
duction mode, the processing circuitry 140 acquires a plu-
rality of B-mode images and color Doppler images stored in
the image memory 150, and reproduces the B-mode images
and the color Doppler images as moving images on the
display 103 in accordance with the rotational direction,
rotation amount, and the like of the trackball, the dial or the
like operated by the user.

[0118] However, the processing circuitry 140 may repro-
duce only the color Doppler image related to the time phase
in which the temporal change in luminance distribution of
the B-mode image is relatively small on the display 103
from among a plurality of color Doppler images stored in the
image memory 150 in the cine-reproduction mode. That is,
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in the cine-reproduction mode, the processing circuitry 140
may successively cause the color Doppler image to be
displayed, the color Doppler image being related to the time
phase in which the temporal change in luminance distribu-
tion of the B-mode image is relatively small, from among a
plurality of color Doppler images stored in the image
memory 150, in accordance with the rotation of the track-
ball, the dial, or the like or automatically. In this way, the
processing circuitry 140 may cause the color Doppler image
to be displayed, the color Doppler image being related to the
time phase in which the temporal change in luminance
distribution of the B-mode image is relatively small, while
skipping the color Doppler image related to the time phase
in which the temporal change in luminance distribution of
the B-mode image is relatively large. Similarly, in the
cine-reproduction mode, the processing circuitry 140 may
reproduce the B-mode image in which the temporal change
in luminance distribution is relatively small on the display
103 from among a plurality of B-mode images stored in the
image memory 150. That is, the processing circuitry 140
may cause the B-mode image in which the temporal change
in luminance distribution is relatively small to be displayed
while skipping the B-mode image in which the temporal
change in luminance distribution is relatively large.

[0119] Accordingly, the user can grasp only the color
Doppler image useful for diagnosis from among a plurality
of color Doppler images stored in the image memory 150.
Thus, convenience for the user to perform diagnosis can be
enhanced.

Sixth Embodiment

[0120] Next, the following describes the ultrasonic diag-
nostic device 1 according to a sixth embodiment. In the sixth
embodiment, the processing circuitry 140 performs a maxi-
mum value holding arithmetic operation related to an index
value indicating blood flow information on a plurality of
color Doppler images to generate an image indicating a
region in which a blood flow of the subject P is present, and
causes the display 103 to display the image. The index value
indicating the blood flow information is, for example, a
value of power.

[0121] The maximum value holding arithmetic operation
is, for example, an arithmetic operation of selecting the
maximum value from among luminance values (values of
power) assigned to a spatially corresponding pixel in each
color Doppler image, and generating a new image using the
selected maximum value as the value of power for the
corresponding pixel.

[0122] In the sixth embodiment, the processing circuitry
140 performs the maximum value holding arithmetic opera-
tion on not all the generated color Doppler images, and
performs the maximum value holding arithmetic operation
on the color Doppler image related to the time phase in
which the temporal change in luminance distribution of the
B-mode image is relatively small.

[0123] For example, the processing circuitry 140 selects a
plurality of color Doppler images, performs the maximum
value holding arithmetic operation on the selected color
Doppler images, generates one image indicating a region in
which the blood flow of the subject P is present, and causes
the display 103 to display the image. In this case, one static
image is displayed on the display 103.

[0124] After causing the display 103 to display one image
indicating the region in which the blood flow of the subject
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P is present, the processing circuitry 140 selects the maxi-
mum value of the value of power in the newly generated
color Doppler image every time the color Doppler image is
generated, and may update the image indicating the region
in which the blood flow of the subject P is present using the
selected maximum value of the value of power. In this case,
the image indicating the region in which the blood flow of
the subject P is present displayed on the display 103 is
successively updated to be reproduced.
[0125] In this way, the processing circuitry 140 performs
maximum value holding arithmetic operation on the color
Doppler image generated based on the reflected wave data
collected in the time phase in which movement of tissues is
gentle. That is, the processing circuitry 140 selects the
maximum value of the value of power in the color Doppler
image in which movement of tissues is gentle without
selecting the maximum value of the value of power in the
color Doppler image in which movement of tissues is large,
and generates the image indicating the region in which the
blood flow of the subject P is present.
[0126] Thus, according to the sixth embodiment, gener-
ated is an image in which visibility is improved not only for
a relatively large blood flow but also for tissue perfusion at
a capillary level.
[0127] The ultrasonic scanning control processing
described above in the embodiments can be implemented by
executing an ultrasonic scanning control processing pro-
gram prepared in advance using a computer such as a
personal computer and a workstation. The ultrasonic scan-
ning control processing program can be distributed via a
network such as the Internet. The ultrasonic scanning control
processing program can be recorded in a computer-readable
recording medium such as a hard disk, a flexible disk (FD),
aCD-ROM, an MO, and a DVD, and executed by being read
out from the recording medium by a computer.
[0128] According to at least one of the embodiments
described above, convenience for the user to perform diag-
nosis can be enhanced.
[0129] 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 ultrasonic diagnostic device comprising:
transmission/reception circuitry configured to
intermittently execute first ultrasonic scanning on a first
scanning region of a subject in accordance with a
first scanning condition for generating a color Dop-
pler image, and
intermittently execute second ultrasonic scanning on a
second scanning region of the subject in accordance
with a second scanning condition for generating a
form image; and
processing circuitry configured to
generate a plurality of color Doppler images based on
first echo data collected through the first ultrasonic
scanning,
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generate a plurality of form images based on second
echo data collected through the second ultrasonic
scanning, and

generate discrimination information for discriminating,
from another color Doppler image, a color Doppler
image related to a time phase in which a temporal
change in luminance distribution of each of the form
images is relatively large or a time phase in which
the temporal change is relatively small.

2. The ultrasonic diagnostic device according to claim 1,
wherein the processing circuitry synthesizes part of the color
Doppler images with an indicator based on the discrimina-
tion information, and causes the color Doppler images to be
successively displayed, the color Doppler images including
the color Doppler image to which the indicator is synthe-
sized.

3. The ultrasonic diagnostic device according to claim 1,
wherein the processing circuitry causes part of the color
Doppler images to be highlighted based on the discrimina-
tion information.

4. The ultrasonic diagnostic device according to claim 1,
wherein the processing circuitry specifies the time phase in
which the temporal change in luminance distribution of each
of the form images is relatively large or the time phase in
which the temporal change is relatively small, generates a
graphic representing a generation order of a color Doppler
image related to a specified time phase based on the dis-
crimination information, and causes a display to display the
generated graphic.

5. The ultrasonic diagnostic device according to claim 1,
wherein the transmission/reception circuitry executes the
second ultrasonic scanning every time the first ultrasonic
scanning is executed at least once.

6. The ultrasonic diagnostic device according to claim 1,
wherein the second scanning condition is different from the
first scanning condition in at least one of a frequency band
of ultrasonic waves to be transmitted and a frequency band
of ultrasonic waves to be received.

7. The ultrasonic diagnostic device according to claim 1,
wherein the second scanning region is smaller than the first
scanning region.

8. The ultrasonic diagnostic device according to claim 1,
wherein the second scanning region is larger than the first
scanning region.

9. The ultrasonic diagnostic device according to claim 1,
wherein the first ultrasonic scanning is ultrasonic scanning
in which ultrasonic waves are transmitted and received once
for each scanning line in the first scanning region including
a plurality of scanning lines.

10. The ultrasonic diagnostic device according to claim 1,
further comprising:

storage circuitry configured to store the plurality of color

Doppler images generated by the processing circuitry,
wherein

the processing circuitry successively displays a color

Doppler image related to the time phase in which the
temporal change in luminance distribution of each of
the form images is relatively small from among the
plurality of color Doppler images stored in the storage
circuitry.

11. The ultrasonic diagnostic device according to claim 1,
wherein the processing circuitry performs a maximum value
holding arithmetic operation related to an index value indi-
cating blood flow information on a color Doppler image
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related to the time phase in which the temporal change in
luminance distribution of each of the form images is rela-
tively small.

12. The ultrasonic diagnostic device according to claim 1,
wherein

the processing circuitry

specifies the time phase in which the temporal change
in luminance distribution of each of the form images
is relatively large or a time phase in which the
temporal change is relatively small based on the
form images, and

generates the discrimination information for discrimi-
nating a color Doppler image related to the specified
time phase from another color Doppler image.

13. A method of generating discrimination information,
the method comprising, by processing circuitry connected to
a transmission/reception circuitry that is configured to inter-
mittently execute first ultrasonic scanning on a first scanning
region of a subject in accordance with a first scanning
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condition for generating a color Doppler image, and con-
figured to intermittently execute second ultrasonic scanning
on a second scanning region of the subject in accordance
with a second scanning condition for generating a form
image:
generating a plurality of color Doppler images based on
first echo data collected through the first ultrasonic
scanning,

generating a plurality of form images based on second
echo data collected through the second ultrasonic scan-
ning, and

generating discrimination information for discriminating,
from another color Doppler image, a color Doppler
image related to a time phase in which a temporal
change in luminance distribution of each of the form
images is relatively large or a time phase in which the
temporal change is relatively small.
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