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(57) ABSTRACT

An ultrasound diagnostic apparatus according to an embodi-
ment includes image processing circuitry. The image pro-
cessing circuitry acquires, based on a result of ultrasound
scanning performed on a subject, blood flow information
including a value that indicates a blood flow at each position
within the subject and tissue property information including
a value that indicates tissue properties at each position
within the subject. The image processing circuitry generates
a first image in which a difference in value in the blood flow
information is represented by at least a difference in hue and
a second image in which a difference in value in the tissue
property information is represented by a difference other
than the difference in hue. The image processing circuitry
generates a combined image by combining the first image
and the second image.
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ULTRASOUND DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-164996, filed on Aug. 24, 2015; and Japanese Patent
Application No. 2016-161271, filed on Aug. 19, 2016, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus.

BACKGROUND

[0003] Ultrasound diagnostic apparatuses are configured
to irradiate the inside of a subject with an ultrasound pulse
generated from ultrasound transducer elements incorporated
in an ultrasound probe, and to receive waves reflected from
a subject tissue by the ultrasound transducer elements, to
thereby generate and display image data and any other
information.

[0004] For example, Doppler imaging for imaging the
flow of blood by utilizing the Doppler effect is known as an
image diagnostic support method using an ultrasound diag-
nostic apparatus. In color Doppler imaging, which is widely
used, ultrasound waves are transmitted and received a plu-
rality of times on the same scanning line, and moving target
indicator (MTT) filtering is applied to a data sequence at the
same position, to thereby suppress a signal (clutter signal)
derived from a static tissue or a slow-moving tissue and
extract a signal derived from a blood flow. Then, in color
Doppler imaging, blood flow information, such as the veloc-
ity of the blood flow, the dispersion of the blood flow, and
the power of the blood flow, is estimated from the extracted
blood flow signal, and a blood flow image (color Doppler
image) in which the distribution of the estimated result is
two-dimensionally represented in color is displayed.
[0005] Another known image diagnostic support method
using an ultrasound diagnostic apparatus is, for example,
elastography for measuring the tissue hardness as one of
tissue properties of a biological tissue and converting the
distribution of the measured hardness into an image. In
elastography, stress is applied to a biological tissue by a
method such as applying and releasing pressure to and from
a biological tissue from the body surface with use of an
ultrasound probe, and applying acoustic radiation force to a
biological tissue from the body surface with use of an
ultrasound probe, and information on a strain of a tissue in
a living body caused by the application of the stress is
generated and displayed as an elasticity image.

[0006] Note that, the above-mentioned blood flow image
or elasticity image can be superimposed on or displayed side
by side with a tomographic image (B-mode image) that is
generated based on substantially the same cross-section as
that of the blood flow image or elasticity image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram illustrating a configura-
tion example of an ultrasound diagnostic apparatus accord-
ing to a first embodiment;
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[0008] FIG. 2 is a block diagram illustrating a configura-
tion example of a signal processing circuit according to the
first embodiment;

[0009] FIG. 3 is a diagram illustrating an exemplary scan
sequence according to the first embodiment;

[0010] FIG. 4A is a diagram for describing processing of
an image generation function according to the first embodi-
ment;

[0011] FIG. 4B is a diagram for describing processing of
the image generation function according to the first embodi-
ment;

[0012] FIG. 5 is a diagram for describing processing of a
combining function according to the first embodiment;

[0013] FIG. 6isa diagram for describing processing of the
combining function according to the first embodiment;

[0014] FIG. 7 is a flowchart illustrating a processing
procedure of the ultrasound diagnostic apparatus according
to the first embodiment;

[0015] FIG. 8A is a diagram for describing processing of
an image generation function according to a second embodi-
ment;

[0016] FIG. 8B is a diagram for describing processing of
the image generation function according to the second
embodiment;

[0017] FIG. 9 is a diagram for describing processing of a
combining function according to the second embodiment;

[0018] FIG. 10 is a block diagram illustrating a configu-
ration example of a signal processing circuit according to a
third embodiment;

[0019] FIG. 11 is a diagram for describing processing of a
cross-correlation calculation circuit according to the third
embodiment;

[0020] FIG. 12 is a diagram for describing processing of
a control circuit according to a fourth embodiment;

[0021] FIG. 13 is a diagram illustrating an exemplary scan
sequence according to other embodiments; and

[0022] FIG. 14 is a block diagram illustrating a configu-
ration example of a medical image processing apparatus
according to other embodiments.

DETAILED DESCRIPTION

[0023] An ultrasound diagnostic apparatus according to an
embodiment includes image processing circuitry. The image
processing circuitry acquires, based on a result of ultrasound
scanning performed on a subject, blood flow information
including a value that indicates a blood flow at each position
within the subject and tissue property information including
a value that indicates tissue properties at each position
within the subject. The image processing circuitry generates
a first image in which a difference in value in the blood flow
information is represented by at least a difference in hue and
a second image in which a difference in value in the tissue
property information is represented by a difference other
than the difference in hue. The image processing circuitry
generates a combined image by combining the first image
and the second image.

[0024] Referring to the accompanying drawings, an ultra-
sound diagnostic apparatus and a medical image processing
apparatus according to the embodiments are described
below.
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First Embodiment

[0025] FIG. 1 is a block diagram illustrating a configura-
tion example of an ultrasound diagnostic apparatus 1 accord-
ing to a first embodiment. As illustrated in FIG. 1, the
ultrasound diagnostic apparatus 1 according to the first
embodiment includes an apparatus main body 100, an ultra-
sound probe 101, an input device 102, and a display 103.
The ultrasound probe 101, the input device 102, and the
display 103 are each connected to the apparatus main body
100.

[0026] The ultrasound probe 101 is brought into contact
with the body surface of a subject P to transmit and receive
ultrasound waves (ultrasound scanning). For example, the
ultrasound probe 101 is a 1D array probe, which includes a
plurality of piezoelectric transducer elements that are one-
dimensionally arranged in a predetermined direction. The
plurality of piezoelectric transducer elements generate ultra-
sound waves based on drive signals supplied from transmis-
sion circuitry 110 included in the apparatus main body 100
described later. The generated ultrasound waves are
reflected by an acoustic impedance mismatch surface within
the subject, and are received by the plurality of piezoelectric
transducer elements as reflected wave signals that contain a
component scattered by a scattering substance within a
tissue and any other component. The ultrasound probe 101
transmits the reflected wave signals received by the plurality
of piezoelectric transducer elements to the transmission
circuitry 110.

[0027] Note that, the case where a 1D array probe is used
as the ultrasound probe 101 is described in this embodiment,
but the ultrasound probe 101 is not limited thereto. Any type
of ultrasound probe may be used as the ultrasound probe
101, such as a 2D array probe in which a plurality of
piezoelectric transducer elements are two-dimensionally
arranged in a grid, and a mechanical 4D probe in which a
plurality of piezoelectric transducer elements are one-di-
mensionally arranged and mechanically oscillated to scan a
three-dimensional region.

[0028] The input device 102 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, or a joystick. The input device 102
receives various kinds of setting requests from an operator
of the ultrasound diagnostic apparatus 1, and transfers
various kinds of received setting requests to the apparatus
main body 100.

[0029] The display 103 displays a graphical user interface
(GUI) used for the operator of the ultrasound diagnostic
apparatus 1 to input various kinds of setting requests with
the input device 102, and displays ultrasound image data
generated in the apparatus main body 100 and any other
data.

[0030] The apparatus main body 100 is an apparatus
configured to generate ultrasound image data based on
reflected wave signals received by the ultrasound probe 101.
As illustrated in FIG. 1, the apparatus main body 100
includes, for example, the transmission circuitry 110, recep-
tion circuitry 120, signal processing circuitry 130, image
processing circuitry 140, image memory 150, storage cir-
cuitry 160, and control circuitry 170. The transmission
circuitry 110, the signal processing circuitry 130, the image
processing circuitry 140, the image memory 150, the storage
circuitry 160, and the control circuitry 170 are communica-
bly connected to one another.
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[0031] The transmission circuitry 110 controls the trans-
mission of ultrasound waves from the ultrasound probe 101.
For example, based on an instruction from the control
circuitry 170 described later, the transmission circuitry 110
applies drive signals (drive pulses) to the ultrasound probe
101 at timings delayed for predetermined transmission delay
times set for the respective transducer elements. In this
manner, the transmission circuitry 110 controls the ultra-
sound probe 101 to transmit an ultrasound beam in which
ultrasound waves are focused in a beam.

[0032] The reception circuitry 120 controls the reception
of reflected wave signals obtained when the transmitted
ultrasound waves are reflected by a body tissue. For
example, based on an instruction from the control circuitry
170 described later, the reception circuitry 120 performs
addition processing by adding predetermined delay times to
the reflected wave signals received by the ultrasound probe
101. In this manner, a reflected component of the reflected
wave signals from the direction of reception directivity is
emphasized. Then, the reception circuitry 120 converts the
reflected wave signals subjected to the addition processing
into an in-phase signal (I signal) and a quadrature-phase
signal (Q signal) in a baseband bandwidth. Then, the recep-
tion circuitry 120 transmits the I signal and the Q signal
(hereinafter referred to as “IQ signals”) to the signal pro-
cessing circuitry 130 as reflected wave data. Note that, the
reception circuitry 120 may convert the reflected wave
signals subjected to the addition processing into a radio
frequency (RF) signal and then transmit the resultant signal
to the signal processing circuitry 130. The IQ signals and the
RF signal are signals containing phase information (reflected
wave data).

[0033] The signal processing circuitry 130 performs vari-
ous kinds of signal processing on the reflected wave data,
which is generated by the reception circuitry 120 from the
reflected wave signals. For example, the signal processing
circuitry 130 performs processing described below to gen-
erate morphologic information that is based on the morphol-
ogy of a structure within the subject, blood flow information
that is based on the blood flow within the subject, and
elasticity information that is based on the tissue elasticity
within the subject.

[0034] FIG. 2 is a block diagram illustrating a configura-
tion example of the signal processing circuitry 130 accord-
ing to the first embodiment. As illustrated in FIG. 2, the
signal processing circuitry 130 includes B-mode processing
cireuitry 131, Doppler calculation processing circuitry 132,
and strain distribution calculation circuitry 133.

[0035] The B-mode processing circuitry 131 performs
logarithmic amplification, envelope detection, and any other
processing on the reflected wave data, to thereby generate
data (B-mode data) in which signal intensities at a plurality
of sample points (observation points) are each represented
by the level of luminance. The B-mode processing circuitry
131 transmits the generated B-mode data to the image
processing circuitry 140. Note that, the B-mode data is an
example of tomographic information and morphologic
information.

[0036] The Doppler calculation processing circuitry 132
performs frequency analysis on velocity information from
the reflected wave data, to thereby generate data (Doppler
data) in which motion information on a moving body within
a scanning range based on the Doppler effect is extracted for
each sample point. Specifically, the Doppler calculation
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processing circuitry 132 generates Doppler data in which an
average velocity, a variance, a power value, and any other
parameter are extracted at each of a plurality of sample
points as motion information of a moving body. The moving
body as used herein refers to, for example, a blood flow, a
tissue such as the wall of the heart, and a contrast agent. The
Doppler calculation processing circuitry 132 according to
this embodiment generates information in which an average
velocity of the blood flow, an average variance of the blood
flow, an average power value of the blood flow, and any
other parameter are estimated at each of a plurality of sample
points as motion information on the blood flow (blood flow
information). In other words, the blood flow information is
information including a value that is based on the blood flow
at each sample point (value representing blood flow).
[0037] As illustrated in FIG. 2, the Doppler calculation
processing circuitry 132 includes a moving target indicator
(MTT) filter 132A, blood flow information generation cir-
cuitry 132B, and tissue movement velocity generation cir-
cuitry 132C.

[0038] The MTI filter 132A and the blood flow informa-
tion generation circuitry 132B calculate blood flow infor-
mation by color Doppler imaging. In color Doppler imaging,
ultrasound waves are transmitted and received a plurality of
times on the same scanning line, and the MTI filter 132A is
applied to a data sequence at the same position, to thereby
suppress a signal (clutter signal) derived from a static tissue
or a slow-moving tissue and extract a signal derived from the
blood flow. Then, in color Doppler imaging, blood flow
information, such as the velocity of the blood flow, the
dispersion of the blood flow, and the power of the blood
flow, is estimated based on the extracted blood flow signal.
[0039] Specifically, the MTT filter 132A uses a filter matrix
to output a data sequence in which a clutter component is
suppressed and a blood flow signal derived from the blood
flow is extracted from a data sequence of continuous
reflected wave data at the same position (same sample
point).

[0040] The blood flow information generation circuitry
132B estimates blood flow information by performing self-
correlation calculation using the data output from the MTI
filter 132A and any other calculation, and outputs the
estimated blood flow information.

[0041] Note that, examples of filters applicable to the MTI
filter 132A include filters with fixed coefficients, such as a
Butterworth infinite impulse response (IIR) filter and a
polynomial regression filter, and an adaptive filter whose
coeflicient is changed depending on an input signal with use
of eigenvectors or the like.

[0042] In order to generate elasticity information repre-
senting the elasticity of a tissue, the tissue movement
velocity generation circuitry 132C executes tissue Doppler
imaging (TDI) for displaying the spatial distribution of
information on the motion of the tissue. In TDI, ultrasound
waves are transmitted and received a plurality of times on
the same scanning line similarly to the above-mentioned
color Doppler imaging. The TDI, however, differs from the
color Doppler imaging in that a phase difference of the
above-mentioned data sequence and tissue movement veloc-
ity are calculated without applying the MTT filter 132A. The
generated tissue movement velocity information is con-
verted by the strain distribution calculation circuitry 133 into
elasticity information representing the elasticity of the tis-
sue.
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[0043] Specifically, the tissue movement velocity genera-
tion circuitry 132C performs self-correlation calculation and
any other calculation on a data sequence of continuous
reflected wave data at the same position (without applying
MTI filter 132A), and outputs tissue movement velocity
information representing the movement velocity of the tis-
suie (tissue motion information). Then, based on the tissue
movement velocity information, the strain distribution cal-
culation circuitry 133 calculates a displacement of the tissue
by time integration of the movement velocity of the tissue
after the tissue starts to deform, and further takes the spatial
derivative of the displacement, to thereby calculate strain
data representing the strain of the tissue as elasticity infor-
mation. Note that, the case where TDI is performed to
generate the elasticity information is described above, but
the generation method is not limited thereto. For example, in
TDI, the generated tissue movement velocity information
itself may be output in order to image the spatial distribution
of the tissue movement velocities. The elasticity information
is an example of tissue property information including a
value that is based on a tissue property (hardness) (value
representing tissue property) at each position within the
subject. The MTI filter 132A is an example of a clutter
removal filter.

[0044] As described above, the signal processing circuitry
130 subjects the reflected wave data to various kinds of
signal processing by the B-mode processing circuitry 131,
the Doppler calculation processing circuitry 132, and the
strain distribution calculation circuitry 133, to thereby gen-
erate morphologic information, blood flow information, and
elasticity information. Specifically, the signal processing
circuitry 130 applies clutter removal filtering for removing
a clutter component to a received data sequence obtained by
a plurality of times of ultrasound wave transmission and
reception at the same position, and acquires blood flow
information from the received data sequence after the appli-
cation of the clutter removal filtering. Furthermore, the
signal processing circuitry 130 acquires tissue property
information from the received data sequence before the
application of the clutter removal filtering. The tissue prop-
erty information is acquired based on correlation calculation
between a plurality of received data pieces including the
received data used for the acquisition of the blood flow
information.

[0045] Note that, FIG. 2 is only illustrative. For example,
a blood flow signal removal filter for removing a signal
derived from the blood flow may be arranged at a preceding
stage of the tissue movement velocity generation circuitry
132C. Specifically, the tissue movement velocity generation
circuitry 132C applies blood flow signal removal filtering to
a data sequence of reflected wave data, and generates tissue
movement velocity information from the data sequence after
the application of the blood flow signal removal filtering.

[0046] Note that, the blood flow signal removal filter is,
for example, a low pass filter configured to remove a
frequency component corresponding to a blood flow signal.

[0047] Furthermore, the signal processing circuitry 130
according to the first embodiment performs color Doppler
imaging and TDI on the result of the same ultrasound
scanning, to thereby generate blood flow information and
elasticity information from the same data sequence.

[0048] FIG. 3 is a diagram illustrating an exemplary scan
sequence according to the first embodiment. In FIG. 3, the
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horizontal axis corresponds to time. Ultrasound scanning for
each frame includes first ultrasound scanning and second
ultrasound scanning.

[0049] As illustrated in FIG. 3, the first ultrasound scan-
ning and the second ultrasound scanning are performed in
each frame. The first ultrasound scanning is scanning in
which ultrasound waves are transmitted and received a
plurality of times (number of ensembles) on the same
scanning line. The signal processing circuitry 130 performs
color Doppler imaging and TDI on the result of the first
ultrasound scanning, to thereby generate blood flow infor-
mation and elasticity information from the same data
sequence.

[0050] Specifically, the signal processing circuitry 130
applies the MTI filter 132A to a data sequence of reflected
wave data obtained by the first ultrasound scanning for the
n-th frame, and performs self-correlation calculation and
any other calculation to generate blood flow information.
Furthermore, the signal processing circuitry 130 performs
self-correlation calculation and any other calculation on the
data sequence of the reflected wave data obtained by the first
ultrasound scanning for the n-th frame without applying the
MTI filter 132A, to thereby generate tissue movement
velocity information. The second ultrasound scanning is
scanning in which ultrasound waves are transmitted and
received once for each scanning line. The signal processing
circuitry 130 generates morphologic information based on
the result of the second ultrasound scanning.

[0051] As described above, the signal processing circuitry
130 generates the blood flow information and the elasticity
information based on the result of the same ultrasound
scanning. Note that, in the first embodiment, the reason why
the blood flow information and the elasticity information are
generated from the result of the same ultrasound scanning is
that the reflected wave data that contains a small amount of
clutter signals and that is capable of generating tissue strain
information is collected. Specifically, even when the opera-
tor does not actively oscillate the ultrasound probe 101, the
strain information can be generated based on minute vibra-
tion that occurs due to the action of bringing the ultrasound
probe 101 into contact with the body surface. Therefore,
reflected wave data that is collected when the ultrasound
probe 101 is not actively oscillated contains the strain
information and a small amount of clutter signals derived
from oscillation, and hence the blood flow information and
the elasticity information can be generated from the same
data sequence.

[0052] Note that, FIG. 3 is only illustrative. For example,
the second ultrasound scanning is not necessarily required to
be performed after the first ultrasound scanning.

[0053] Furthermore, for example, blood flow information
and elasticity information are not necessarily required to be
generated from the result of the same ultrasound scanning.
[0054] The description returns to FIG. 1. The image pro-
cessing circuitry 140 performs processing of generating
image data (ultrasound image data), various kinds of image
processing for the image data, and any other processing. For
example, the image processing circuitry 140 converts a
scanning mode of the B-mode data (morphologic informa-
tion), blood flow information, and elasticity information
generated by the signal processing circuitry 130 into a
display data format (scan conversion). In this manner, the
image processing circuitry 140 generates each of B-mode
image data (morphologic image data) representing the mor-
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phology of a structure of the subject, blood flow image data
representing the motion of the blood flow within the subject,
and elasticity image data representing the tissue elasticity
within the subject. The image processing circuitry 140 stores
the generated image data and the image data subjected to
various kinds of image processing in the image memory 150.

[0055] Note that, the image processing circuitry 140 may
also generate, together with the image data, information
indicating a display position of each image data, various
kinds of information for assisting the operation of the
ultrasound diagnostic apparatus, and supplementary infor-
mation on diagnosis, such as patient information, and store
these pieces of information in the image memory 150.

[0056] The image processing circuitry 140 according to
the first embodiment executes an acquisition function 141,
an image generation function 142, and a combining function
143.

[0057] Respective processing functions to be executed by
the acquisition function 141, the image generation function
142, and the combining function 143, which are the com-
ponents of the control circuitry 170, are recorded in the
storage circuitry 160 in the form of programs that can be
executed by a computer, for example. The image processing
circuitry 140 is a processor configured to read each program
from the storage circuitry 160 and execute the program to
implement the function corresponding to the program. Spe-
cifically, the acquisition function 141 is a function to be
implemented when the image processing circuitry 140 reads
the program corresponding to the acquisition function 141
from the storage circuitry 160 and executes the program.
The image generation function 142 is a function to be
implemented when the image processing circuitry 140 reads
the program corresponding to the image generation function
142 from the storage circuitry 160 and executes the program.
The combining function 143 is a function to be implemented
when the image processing circuitry 140 reads the program
corresponding to the combining function 143 from the
storage circuitry 160 and executes the program. In other
words, the image processing circuitry 140 that has read each
program has each function illustrated in the image process-
ing circuitry 140 in FIG. 1. Each of the acquisition function
141, the image generation function 142, and the combining
function 143 is described later.

[0058] Note that, in FIG. 1, a description is given of the
case where the processing functions executed by the acqui-
sition function 141, the image generation function 142, and
the combining function 143 are implemented by the single
image processing circuitry 140. However, a processing
circuit may be formed by a combination of a plurality of
independent processors, and the functions may be imple-
mented by each processor executing a program.

[0059] The term “processor” used in the above description
means, for example, a central processing unit (CPU), a
graphics processing unit (GPU), or a circuit 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 implements its functions by reading and executing
the programs stored in the storage circuit. Note that, a
program may be directly incorporated in a circuit of the
processor instead of storing a program in the storage cir-
cuitry 160.
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[0060] In this case, the processor implements its functions
by reading and executing the programs incorporated in the
circuit. Note that, each processor in this embodiment is not
limited to the case where each processor is configured as a
single circuit, and a plurality of independent circuits may be
combined to configure a single processor so as to implement
their functions. In addition, the plurality of components in
FIG. 1 may be integrated into a single processor so as to
implement their functions.

[0061] The image memory 150 is a memory configured to
store the image data (such as B-mode image data, blood flow
image data, and elasticity image data) generated by the
image processing circuitry 140. Furthermore, the image
memory 150 is capable of storing data generated by the
signal processing circuitry 130. The B-mode data, blood
flow information, and elasticity information stored in the
image memory 150 can be invoked by the operator after
diagnosis, for example, and serve as display ultrasound
image data via the image processing circuitry 140.

[0062] The storage circuitry 160 stores control programs
for executing ultrasound transmission and reception, image
processing, and display processing, diagnosis information
(for example, patient IDs and doctor’s findings), and various
kinds of data such as diagnosis protocols and various kinds
of body marks. If necessary, the storage circuitry 160 is also
used to store image data stored in the image memory 150.
Furthermore, the data stored in the storage circuitry 160 can
be transferred to an external device via an interface unit (not
shown).

[0063] The control circuitry 170 controls the overall pro-
cessing of the ultrasound diagnostic apparatus 1.

[0064] Specifically, the control circuitry 170 controls the
processing of the transmission circuitry 110, the reception
circuitry 120, the signal processing circuitry 130, the image
processing circuitry 140, and any other circuit based on
various kinds of setting requests input by the operator via the
input device 102 and various kinds of control programs and
various kinds of data read from the storage circuitry 160.
[0065] Furthermore, the control circuitry 170 displays the
ultrasound image data stored in the image memory 150 on
the display 103.

[0066] Note that, the transmission circuitry 110, the recep-
tion circuitry 120, the signal processing circuitry 130, the
image processing circuitry 140, the control circuitry 170,
and any other circuit built in the apparatus main body 100
may be configured by hardware as represented by a proces-
sor (such as a central processing unit (CPU), a micro-
processing unit (MPU), and an integrated circuit), but may
be configured by programs in the form of software modules.
[0067] By the way, it is a common practice to combine a
blood flow image or an elasticity image with a B-mode
image having a positional correspondence therewith for
display.

[0068] Specifically, the blood flow image or the elasticity
image is superimposed on the B-mode image at a corre-
sponding position to improve visibility. This contributes to
an improvement in diagnosis accuracy and a reduction in
diagnosis time.

[0069] Simply combining the images, however, does not
always improve visibility. For example, the blood flow
image and the elasticity image are generally displayed in
color, and hence the two superimposed images may reduce
visibility. Specifically, the blood flow image is colored with
“red-blue” depending on the direction of the blood flow. The
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elasticity image, on the other hand, is colored with gradation
that continuously changes in the order of “blue-green-red”
depending on the level (magnitude) of strain. Therefore, if
the blood flow image and the elasticity image are superim-
posed on each other with a predetermined transparency, for
example, it cannot be distinguished whether a “red” pixel
indicates the direction of the blood flow or the level of strain,
thus leading to a reduction in visibility. Such a reduction in
visibility cannot be solved by adjustment of transparencies
of the images or division of imaged regions.

[0070] To address this problem, the ultrasound diagnostic
apparatus 1 according to the first embodiment has the
configuration disclosed herein in order to generate a com-
bined image in which a blood flow and a tissue property are
appropriately represented.

[0071] The acquisition function 141 acquires B-mode data
(morphologic information), blood flow information, and
elasticity information based on a result of ultrasound scan-
ning performed on a subject. For example, the acquisition
function 141 acquires B-mode data, blood flow information,
and elasticity information generated by the signal processing
circuitry 130. Then, the acquisition function 141 transmits
the acquired B-mode data, blood flow information, and
elasticity information to the image generation function 142.
Note that, the acquisition function 141 is an example of an
acquisition unit. The elasticity information is an example of
tissue property information.

[0072] Note that, the case where the acquisition function
141 acquires B-mode data, blood flow information, and
elasticity information is described above, but the embodi-
ments are not limited thereto. For example, the acquisition
function 141 may acquire information (for example, supple-
mentary information) other than the above-mentioned pieces
of information. Furthermore, for example, the acquisition
function 141 is not necessarily required to acquire the
above-mentioned pieces of information. For example, when
no B-mode data is used in the following processing, B-mode
data may not be acquired. In this case, the acquisition
function 141 acquires blood flow information and elasticity
information from the signal processing circuitry 130.
[0073] The image generation function 142 generates,
based on the result of ultrasound scanning performed on the
subject P, each of a B-mode image that represents the
morphology of a structure within the subject, a blood flow
image in which a difference in value in the blood flow
information is represented by a difference in hue, and an
elasticity image in which a difference in value in the
elasticity information is represented by the gray scale. Note
that, the image generation function 142 is an example of an
image generation unit.

[0074] FIG. 4A and FIG. 4B are diagrams for describing
processing of the image generation function 142 according
to the first embodiment. FIG. 4A exemplifies an elasticity
image 10 generated by the image generation function 142.
FIG. 4B exemplifies a blood flow image 20 generated by the
image generation function 142. Note that, the broken line in
FIG. 4B shows the positional correspondence with the
elasticity image 10 of FIG. 4A, and is not displayed on the
blood flow image 20 in practice.

[0075] As illustrated in FIG. 4A, for example, the image
generation function 142 converts a scanning mode of the
elasticity information generated by the signal processing
circuitry 130 into a display data format. The converted data
is data in which a value in the elasticity information repre-
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senting the strain of a tissue at each sample point is replaced
with a pixel value of each pixel of the display image. Then,
the image generation function 142 allocates each pixel in the
converted data with a color corresponding to its pixel value
in accordance with an elasticity image color look-up table
(LUT). In the elasticity image color LUT, gray scale colors
corresponding to pixel values are set. In other words, the
image generation function 142 represents a difference in
pixel value in the elasticity image by the gray scale. As an
example, the image generation function 142 allocates a hard
region (region with small strain) with dark gray and a soft
region (region with large strain) with bright gray, to thereby
generate the elasticity image 10.

[0076] Note that, FIG. 4Ais only illustrative. For example,
the elasticity image 10 may be represented by a color LUT
in which a monochrome color is allocated instead of the gray
scale. In other words, the elasticity image 10 is represented
by an element other than hue among the three color elements
(hue, lightness, and chroma). Specifically, a difference in
value in the elasticity image 10 is represented by any one of
a difference in lightness, a difference in chroma, and a
combination of a difference in lightness and a difference in
chroma. Note that, in the case where the elasticity image 10
is represented in monochrome color, it is preferred in view
of visibility that the elasticity image 10 be represented by a
color different from the hue of the blood flow image 20
described later (color far in color space).

[0077] Furthermore, as illustrated in FIG. 4B, the image
generation function 142 converts a scanning mode of the
blood flow information generated by the signal processing
circuitry 130 into a display data format. The converted data
is data in which a value in the blood flow information
representing the blood flow at each sample point is replaced
with a pixel value of each pixel of the display image. Then,
the image generation function 142 allocates each pixel in the
converted data with a color corresponding to its pixel value
in accordance with a blood flow image color LUT. In the
blood flow image color LUT, colors including hues (color
temperatures) that differ depending on pixel values are set.
Specifically, the image generation function 142 represents a
difference in pixel value in the blood flow image by hue. As
an example, when the power of the blood flow is imaged as
blood flow information, the image generation function 142
allocates dark red to a region having high power and bright
red to a region having low power, to thereby generate the
blood flow image 20.

[0078] Note that, FIG. 4B is only illustrative. For example,
the blood flow image 20 may be represented by hue other
than red. Furthermore, the blood flow image 20 may be
represented in red color and blue color depending on the
directions of the blood flow, and in addition, when a velocity
component and a variance component of the blood flow are
displayed, the blood flow image 20 may be represented by
a two-dimensional color change with use of two different
color components. In other words, the blood flow image 20
is represented by at least a difference in hue among the three
color elements (hue, lightness, and chroma). Specifically, the
difference in value in the blood flow image 20 is represented
by any one of a difference in hue, a combination of a
difference in hue and a difference in lightness, a combination
of a difference in hue and a difference in chroma, and a
combination of a difference in hue, a difference in lightness,
and a difference in chroma.
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[0079] As described above, the image generation function
142 generates the blood flow image 20, in which a difference
in value in the blood flow information is represented by at
least a difference in hue, and the elasticity image 10, in
which a difference in value in the elasticity information is
represented by a difference other than the difference in hue.
[0080] The combining function 143 generates a combined
image by combining the blood flow image 20 and the
elasticity image 10. For example, the combining function
143 generates a combined image by superimposing the
blood flow image 20 on the elasticity image 10 at a corre-
sponding position. Note that, the combining function 143 is
an example of a combining unit.

[0081] FIG. 5 and FIG. 6 are diagrams for describing
processing of the combining function 143 according to the
first embodiment. FIG. 5 exemplifies a combined image 30
obtained by combining the elasticity image 10 of FIG. 4A
and the blood flow image 20 of FIG. 4B. FIG. 6 exemplifies
a display image 40 generated with use of the combined
image 30.

[0082] As illustrated in FIG. 5, the combining function
143 generates the combined image 30 by superimposing the
blood flow image 20 on the elasticity image 10. Here, the
elasticity image 10 and the blood flow image 20 are image
data generated from the result of the same ultrasound
scanning, and hence the positions of sample points (pixels)
in both the image data correspond to each other. In other
words, the combining function 143 superimposes the blood
flow image 20 on the elasticity image 10 at the correspond-
ing position without performing positional alignment
between both the image data.

[0083] Specifically, the combining function 143 extracts a
blood flow region from the blood flow image 20. For
example, the combining function 143 recognizes a region in
the blood flow image 20 that has Doppler information (for
example, region having power value equal to or larger than
threshold value) as a blood flow region, and clips out an
image of the recognized blood flow region. In the example
of FIG. 4B, the combining function 143 clips out four
shaded regions as blood flow regions. Then, the combining
function 143 generate the combined image 30 by superim-
posing the images of the clipped blood flow regions on the
elasticity image 10 at the corresponding positions. Note that,
the images of the blood flow regions superimposed at this
time may be transparent with a predetermined transparency.
In the example of FIG. 5, the case of using a power image
as an example of the blood flow image 20 is described, but
the blood flow image 20 is not limited thereto. For example,
a velocity image or a dispersion image may be used.
[0084] As illustrated in FIG. 6, the combining function
143 combines the combined image 30 and B-mode images
41A and 41B, to thereby generate the display image 40 to be
displayed on the display 103. Specifically, the display image
40 is divided into left and right regions in which the B-mode
images 41A and 41B, which are the same tomographic
images, are displayed.

[0085] Specifically, the combining function 143 superim-
poses the combined image 30 on the B-mode image 41A at
the corresponding position in a non-transparent manner.
This position is determined based on, for example, the
respective sample point positions in the first ultrasound
scanning and the second ultrasound scanning. In this man-
ner, the combined image 30 is superimposed on the B-mode
image 41A in a non-transparent manner, and hence lumi-
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nance components of the B-mode image 41A can be pre-
vented from being mixed in the region of the combined
image 30 to reduce visibility.

[0086] Furthermore, the combining function 143 displays
the B-mode image 41B, which is the same as the B-mode
image 41A, side by side at the position adjacent to the
B-mode image 41A having the combined image 30 super-
imposed thereon. The combining function 143 displays a
border line 42 corresponding to the range of the combined
image 30 on the B-mode image 41B. The display of the
border line 42 enables the appearance of the B-mode image
(tomographic image) corresponding to the range of the
combined image 30 to be easily viewed, thus facilitating a
comparative observation of the combined image 30 and the
B-mode image 41B.

[0087] In this manner, the combining function 143 gener-
ates the display image 40. The display image 40 generated
by the combining function 143 is displayed on the display
103 by the control circuitry 170.

[0088] Note that, FIG. 6 is only illustrative. For example,
FIG. 6 exemplifies the case where another image is not
superimposed on the B-mode image 41B, but the embodi-
ments are not limited thereto. For example, the elasticity
image 10 or the blood flow image 20 may be superimposed
on the B-mode image 41B at the corresponding position
with a predetermined transparency. Furthermore, for
example, the combining function 143 may output the com-
bined image 30 itself as the display image 40, and may
output an image obtained by superimposing the combined
image 30 on the B-mode image 41A in a non-transparent
manner as the display image 40.

[0089] Furthermore, for example, the combining function
143 may display an image obtained by arranging the
B-mode image 41B at the position adjacent to the combined
image 30 as the display image 40. In other words, the display
image 40 includes at least the combined image 30 and can
be generated by an appropriate combination with another
image having the positional correspondence.

[0090] For example, in FIG. 6, the case of displaying the
two B-mode images 41A and 41B side by side in the
horizontal direction is described, but in addition thereto, the
two images can be displayed side by side in various forms,
such as being displayed side by side in the vertical direction,
being displayed side by side with different sizes, and being
displayed at the same time on different display devices.
Furthermore, the number of images to be displayed side by
side may be three or more. When three images are displayed
side by side, two images out of the three images are set as
B-mode images 41A and the other one image is set as a
B-mode image 41B. The combined image 30 may be super-
imposed on the B-mode image 41B rather than being
superimposed on the B-mode image 41A.

[0091] FIG. 7 is a flowchart illustrating a processing
procedure of the ultrasound diagnostic apparatus 1 accord-
ing to the first embodiment. The processing procedure
illustrated in FIG. 7 is started, for example, when an
instruction to start photographing a combined image 30 is
received from the operator under the state in which the
ultrasound probe 101 is brought into contact with the body
surface of the subject P.

[0092] In Step S101, the ultrasound diagnostic apparatus 1
starts photography. For example, when the control circuitry
170 receives an instruction to start photographing the com-
bined image 30 from the operator, the control circuitry 170
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starts photographing the combined image 30. Note that,
when the determination in Step S101 is negative, the control
circuitry 170 remains in a standby state without starting
photography.

[0093] When the determination in Step S101 is positive, in
Step S102, the ultrasound probe 101 performs ultrasound
scanning on the subject P. For example, the ultrasound probe
101 performs first ultrasound scanning and second ultra-
sound scanning for each frame (see FIG. 3).

[0094] In Step S103, the signal processing circuitry 130
generates morphologic information, blood flow information,
and elasticity information. For example, the B-mode pro-
cessing circuitry 131 performs logarithmic amplification,
envelope detection, and any other processing on reflected
wave data collected by the second ultrasound scanning, to
thereby generate B-mode data. The Doppler calculation
processing circuitry 132 applies clutter removal filtering to
a received data sequence collected by the first ultrasound
scanning, to thereby generate blood flow information from
the received data sequence. Based on tissue movement
velocity information acquired from the received data
sequence before the application of the clutter removal fil-
tering, the strain distribution calculation circuitry 133 cal-
culates a displacement of the tissue by time integration of the
movement velocity of the tissue after the tissue starts to
deform, and further takes the spatial derivative of the
displacement, to thereby generate elasticity information.
[0095] In Step S104, the image processing circuitry 140
generates morphologic image data, blood flow image data,
and elasticity image data. For example, the acquisition
function 141 acquires the B-mode data, blood flow infor-
mation, and elasticity information generated by the signal
processing circuitry 130. Then, the image generation func-
tion 142 converts a scanning mode of the B-mode data,
blood flow information, and elasticity information acquired
by the acquisition function 141 into a display data format
(scan conversion), to thereby generate each of B-mode
image data, blood flow image data, and elasticity image data.
Note that, the blood flow image data generated in Step S104
is data in which a difference in value in the blood flow
information is represented by at least a difference in hue, and
the elasticity image data is represented by the gray scale.
[0096] In Step S105, the combining function 143 gener-
ates combined image data. For example, the combining
function 143 generates the combined image 30 by superim-
posing the blood flow image 20 on the elasticity image 10 at
the corresponding position. Then, the combining function
143 combines the display image 40 including the generated
combined image 30 (see FIG. 6).

[0097] In Step S106, the control circuitry 170 displays the
combined image data generated by the image processing
circuitry 140 on the display 103. For example, the control
circuitry 170 displays the display image 40 including the
combined image 30 illustrated in FIG. 6 on the display 103.
[0098] In Step S107, the control circuitry 170 determines
whether an instruction to finish photography is received
from the operator. When the determination in Step S107 is
negative, the control circuitry 170 proceeds to the process-
ing of Step S102. Specifically, the ultrasound diagnostic
apparatus 1 performs ultrasound scanning for the next frame,
and generates and displays a combined image 30 of the next
frame.

[0099] When the determination in Step S107 is positive,
the ultrasound diagnostic apparatus 1 finishes the processing
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for generating and displaying the combined image 30. Note
that, FIG. 7 is only illustrative. For example, the above-
mentioned processing procedure is not necessarily required
to be executed in the above-mentioned order. For example,
the execution order of Steps S101 to S107 may be appro-
priately changed unless the processing contents are contra-
dictory.

[0100] As described above, in the ultrasound diagnostic
apparatus 1 according to the first embodiment, the acquisi-
tion function 141 acquires blood flow information and tissue
property information based on the result of ultrasound
scanning performed on a subject. The image generation
function 142 generates a blood flow image in which a
difference in value in the blood flow information is repre-
sented by at least a difference in hue and a tissue property
image in which a difference in value in the tissue property
information is represented by a difference other than the
difference in hue. The combining function 143 generates a
combined image by combining the blood flow image and the
tissue property image. Consequently, the ultrasound diag-
nostic apparatus 1 according to the first embodiment can
generate a combined image in which the blood flow and the
tissue property are appropriately represented.

[0101] For example, the ultrasound diagnostic apparatus 1
acquires the elasticity image 10 and the blood flow image 20
from the same ultrasound scanning, that is, the same cross-
section. Consequently, the ultrasound diagnostic apparatus 1
can accurately superimpose the two images, and hence an
improvement in diagnosis accuracy is expected. In some
medical specialties and in some types of examination, the
elasticity image 10 and the blood flow image 20 are used
together in many cases, and hence the ultrasound diagnostic
apparatus 1 is useful particularly in these cases.

[0102] Furthermore, the ultrasound diagnostic apparatus 1
reduces the number of times of ultrasound scanning to be
executed in each frame, and hence the frame rate improves.
Furthermore, the ultrasound diagnostic apparatus 1 elimi-
nates the need of switching photographing modes for inde-
pendently collecting the elasticity image 10 and the blood
flow image 20, with the result that the diagnosis time can be
reduced.

[0103] Furthermore, in the ultrasound diagnostic appara-
tus 1, the image generation function 142 generates a mor-
phologic image, a blood flow image, and a tissue property
image based on the result of ultrasound scanning performed
on a subject. Then, the control circuitry 170 displays a
display image that includes the combined image 30 in which
the blood flow image and the tissue property image are
combined and a display image that includes the morphologic
image 41B on the display 103 so that the display images are
displayed side by side. Consequently, the ultrasound diag-
nostic apparatus 1 allows the operator to view the morpho-
logic image, the blood flow image, and the tissue property
image at the same time without impairing visibility.

Second Embodiment

[0104] In the first embodiment, the case of combining the
blood flow image 20 and the elasticity image 10 in such a
manner that the blood flow image 20 drawn by hue and the
elasticity image 10 drawn by monochrome color gradation
(for example, grayscale) is described, but the embodiments
are not limited thereto. For example, the ultrasound diag-
nostic apparatus 1 may combine a blood flow image drawn
by monochrome color gradation and an elasticity image
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drawn by hue. In a second embodiment, the case where the
ultrasound diagnostic apparatus 1 combines a blood flow
image drawn by monochrome color gradation and an elas-
ticity image drawn by hue is described.

[0105] An ultrasound diagnostic apparatus 1 according to
the second embodiment has the same configuration as that of
the ultrasound diagnostic apparatus 1 exemplified in FIG. 1,
but a part of the processing of the image generation function
142 and the combining function 143 is different. In the
second embodiment, the difference from the first embodi-
ment is mainly described, and a description of the same
functions as those described in the first embodiment is
omitted.

[0106] The image generation function 142 according to
the second embodiment generates an elasticity image in
which a difference in value in elasticity information is
represented by at least a difference in hue and a blood flow
image in which a difference in value in blood flow infor-
mation is represented by a difference other than the differ-
ence in hue.

[0107] FIG. 8A and FIG. 8B are diagrams for describing
processing of the image generation function 142 according
to the second embodiment. FIG. 8A exemplifies an elasticity
image generated by the image generation function 142. FIG.
8B exemplifies a blood flow image generated by the image
generation function 142. Note that, the broken line in FIG.
8B shows the positional correspondence with the elasticity
image of FIG. 8A, and is not displayed on the blood flow
image in practice.

[0108] As illustrated in FIG. 8A, for example, the image
generation function 142 converts a scanning mode of the
elasticity information generated by the signal processing
circuitry 130 into a display data format. Then, the image
generation function 142 allocates each pixel in the converted
data with a color corresponding to its pixel value in accor-
dance with an elasticity image color look-up table (LUT). In
the elasticity image color LUT, colors including hues (color
temperatures) that differ depending on pixel values are set.
Specifically, the image generation function 142 allocates
each pixel with gradation that continuously changes in the
order of “blue-green-red” in accordance with a change in
hardness (strain) from a small value (soft) to a large value
(hard), to thereby generate an elasticity image 50.

[0109] As illustrated in FIG. 88B, the image generation
function 142 converts a scanning mode of the blood flow
information generated by the signal processing circuitry 130
into a display data format. Then, the image generation
function 142 allocates each pixel in the converted data with
the gray scale corresponding to its pixel value in accordance
with a blood flow image color LUT. Specifically, when the
power of the blood flow is imaged as blood flow informa-
tion, the image generation function 142 allocates each pixel
with the gray scale whose luminance changes in accordance
with a change in power from a small value (soft) to a large
value (hard), to thereby generate a blood flow image 60.
[0110] The combining function 143 according to the sec-
ond embodiment generates a combined image 70 by supet-
imposing the elasticity image 50 on the blood flow image 60.
[0111] FIG. 9is a diagram for describing processing of the
combining function 143 according to the second embodi-
ment. As illustrated in FIG. 9, for example, the combining
function 143 extracts a blood flow region from the blood
flow image 60, and fills regions other than the extracted
blood flow region with a predetermined luminance (for
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example, black). Then, the combining function 143 gener-
ates the combined image 70 by superimposing the elasticity
image 50 on the blood flow image 60, in which the regions
other than the blood flow region are filled with color, with
a predetermined transparency (such a transparency that the
underlying blood flow image 60 is viewable). In this manner,
the combined image 70 having the clear blood flow region
is obtained.

[0112] Note that, the combining function 143 may gener-
ate the combined image 70 by clipping out the blood flow
region from the blood flow image 60 and superimposing the
clipped blood flow region on the elasticity image 50. In the
case where monochrome color gradation is allocated to the
blood flow image 60, it is preferred that the color gradation
be not close to the hue of the color LUT of the elasticity
image 50.

[0113] As described above, the ultrasound diagnostic
apparatus 1 according to the second embodiment generates
the combined image 70 by combining the blood flow image
60 drawn by monochrome color gradation and the elasticity
image 50 drawn by hue. Consequently, the ultrasound diag-
nostic apparatus 1 according to the second embodiment can
generate a combined image in which the blood flow and the
tissue property are appropriately represented.

Third Embodiment

[0114] In the above-mentioned first and second embodi-
ments, the case where an elasticity image is generated by
TDI is described, but the embodiments are not limited
thereto. For example, the ultrasound diagnostic apparatus 1
may generate an elasticity image based on correlation cal-
culation between adjacent frames. In a third embodiment,
the case where the ultrasound diagnostic apparatus 1 gen-
erates an elasticity image based on correlation calculation
between adjacent frames is described.

[0115] An ultrasound diagnostic apparatus 1 according to
the third embodiment has the same configuration as that of
the ultrasound diagnostic apparatus 1 exemplified in FIG. 1,
but a part of the processing of the signal processing circuitry
130 is different. In the third embodiment, the difference from
the first embodiment is mainly described, and a description
of the same functions as those described in the first embodi-
ment is omitted.

[0116] FIG. 10 is a block diagram illustrating a configu-
ration example of a signal processing circuitry 130 accord-
ing to the third embodiment. As illustrated in FIG. 10, the
signal processing circuitry 130 includes B-mode processing
circuitry 131, strain distribution calculation circuitry 133,
Doppler calculation processing circuitry 134, and cross-
correlation calculation circuitry 135. Note that, the B-mode
processing circuitry 131 and the strain distribution calcula-
tion circuitry 133 are the same as the B-mode processing
circuitry 131 and the strain distribution calculation circuitry
133 illustrated in FIG. 2, and hence a description thereof is
omitted.

[0117] The Doppler calculation processing circuitry 134
includes the MTI filter 132 A and the blood flow information
generation circuitry 132B similarly to the Doppler calcula-
tion processing circuitry 132 exemplified in FIG. 2, but does
not include the tissue movement velocity generation cir-
cuitry 132C, which is different. The MTTI filter 132A and the
blood flow information generation circuitry 132B are the
same as the MTI filter 132A and the blood flow information
generation circuitry 132B illustrated in FIG. 2, and hence a
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description thereof is omitted. In other words, the Doppler
calculation processing circuitry 134 generates blood flow
information through substantially the same processing as
that of the Doppler calculation processing circuitry 132.
[0118] The cross-correlation calculation circuitry 135 gen-
erates tissue displacement information based on reflected
wave data transmitted from the reception circuitry 120. The
tissue displacement information is information to be input to
the strain distribution calculation circuitry 133 configured to
generate elasticity information.

[0119] FIG. 11 is a diagram for describing processing of
the cross-correlation calculation circuitry 135 according to
the third embodiment. FIG. 11 exemplifies the same scan
sequence as in FIG. 3. In other words, also in the third
embodiment, the same scan sequence as the scan sequence
in the first embodiment illustrated in FIG. 3 is executed.
[0120] The cross-correlation calculation circuitry 135 cal-
culates a cross-correlation (or phase difference) of 1Q signals
(or RF signals) at the same position between adjacent
frames, to thereby generate tissue displacement information
representing a displacement of the tissue between the
frames.

[0121] Specifically, as indicated by the arrows in FIG. 11,
the cross-correlation calculation circuitry 135 acquires 1Q
signals from first ultrasound scanning that is executed for
each of the n-th frame and the (n+1)th frame. Then, the
cross-correlation calculation circuitry 135 calculates a cross-
correlation of IQ signals at the same position between the
n-th frame and the (n+1)th frame, to thereby generate tissue
displacement information between these frames. Then, the
strain distribution calculation circuitry 133 takes the spatial
derivative of the displacement of the tissue generated by the
cross-correlation calculation circuitry 135, to thereby calcu-
late elasticity information.

[0122] As described above, the Doppler calculation pro-
cessing circuitry 134 can generate elasticity information
(tissue property information) based on correlation calcula-
tion between received data pieces for adjacent frames. Note
that, elasticity information (elasticity image) generated with
use of the received data pieces for the n-th frame and the
(n+1)th frame is displayed at the same time as a tomographic
image and a blood flow image generated from the received
data for the n-th frame or the (n+1)th frame. Consequently,
the pieces of information at substantially the same time point
and in substantially the same cross-section can be displayed
at the same time.

Fourth Embodiment

[0123] 1In a fourth embodiment, a description is given of
the case where ultrasound scanning is executed at a frame
rate that is higher than those in the above-mentioned first to
third embodiments.

[0124] For example, in order to improve performance of
the MTT filter 132A in the configuration described in the first
to third embodiments, it is preferred to increase a data
sequence (packets) of reflected wave data obtained by
ultrasound scanning for each frame. In this case, however,
the frame rate decreases along with the increase in packet
size. In the fourth embodiment, a configuration for increas-
ing the frame rate is described.

[0125] The control circuitry 170 according to the fourth
embodiment collects blood flow information (and elasticity
information) in such a manner that ultrasound scanning for
the scanning range is repeatedly executed in a scanning form
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that can collect reflected wave data at the same position over
a plurality of frames. Furthermore, the control circuitry 170
collects tomographic information in such a manner that
partial ultrasound scanning for divided scanning ranges is
executed over a plurality of frames while switching the
divided region. Specifically, the control circuitry 170
executes partial ultrasound scanning with divided scanning
ranges while switching the divided regions in the course of
ultrasound scanning of blood flow information that is repeat-
edly executed over a plurality of frames.

[0126] FIG. 12 is a diagram for describing processing of
the control circuitry 170 according to the fourth embodi-
ment. “B” illustrated in FIG. 12 indicates a range where
ultrasound scanning is performed under transmission and
reception conditions of the B-mode. Specifically, the range
where the B-mode ultrasound scanning is performed is
divided into four divided regions (first divided region to
fourth divided region). Furthermore, “D” illustrated in FIG.
12 indicates a range where ultrasound scanning is performed
under transmission and reception conditions of the color
Doppler mode. For example, “D” illustrated in FIG. 12 is the
range where ultrasound scanning is performed at a high rate
as described above. Specifically, ultrasound scanning exem-
plified in FIG. 12 is performed such that ultrasound waves
are transmitted and received once on each scanning line,
unlike the commonly used color Doppler imaging where
ultrasound waves are transmitted a plurality of times in the
same direction and reflected waves are received a plurality
of times. The control circuitry 170 executes, as color Dop-
pler-mode ultrasound scanning, ultrasound scanning that is
based on a method of transmitting and receiving ultrasound
waves once for each of a plurality of scanning lines forming
the scanning range, and acquiring blood flow information
with use of reflected waves for a plurality of frames (high
frame rate method).

[0127] First, the control circuitry 170 executes B-mode
ultrasound scanning for the first divided region (see (1) in
FIG. 12), and executes color Doppler-mode ultrasound
scanning for a scanning range of one frame (see (2) in FIG.
12). Then, the control circuitry 170 executes B-mode ultra-
sound scanning for the first divided region (see (3) in FIG.
12), and executes color Doppler-mode ultrasound scanning
for a scanning range of one frame (see (4) in FIG. 12). Then,
the control circuitry 170 executes B-mode ultrasound scan-
ning for the first divided region (see (5) in FIG. 12), and
executes color Doppler-mode ultrasound scanning for a
scanning range of one frame (see (6) in FIG. 12). Then, the
control circuitry 170 executes B-mode ultrasound scanning
for the first divided region (see (7) in FIG. 12), and executes
color Doppler-mode ultrasound scanning for a scanning
range of one frame (see (8) in FIG. 12).

[0128] As exemplified in FIG. 12, the control circuitry 170
controls the intervals for color Doppler-mode ultrasound
scanning to be uniform. In other words, the “point X on the
scanning range is scanned once by the ultrasound scanning
of (2), (4), (6), and (8) in FIG. 12, and the scanning intervals
therefor are controlled to be constant “I”. Specifically, the
control circuitry 170 controls the intervals for color Dop-
pler-mode ultrasound scanning to be uniform by setting the
time necessary for each divisional scanning performed in
B-mode ultrasound scanning to be equal to each other. For
example, the control circuitry 170 controls the time neces-
sary for divisional scanning for B-mode ultrasound scanning
performed at (1), (3), (5), and (7) in FIG. 12 to be the same
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time without exception. The control circuitry 170 controls
the sizes of the divided regions, the number of scanning
lines, and the densities and depths of the scanning lines to be
equal. For example, when the number of scanning lines is
the same, the time necessary for each divisional scanning for
B-mode ultrasound scanning is the same. The signal pro-
cessing circuitry 130 performs processing such as correla-
tion calculation on a data sequence at the same position
among the frames D (“X _;, X ., X, ,,X,, ... ”illustrated
in FIG. 12), and outputs blood flow information and elas-
ticity information at the “point X”.

[0129] As described above, the ultrasound diagnostic
apparatus 1 according to the fourth embodiment can execute
ultrasound scanning at a high frame rate. Consequently, the
ultrasound diagnostic apparatus 1 can generate blood flow
information and elasticity information to be converted into
an image and displayed in a frame period for forming a
single tomographic image, thus enabling the pieces of infor-
mation at substantially the same time point and in substan-
tially the same cross-section to be displayed at the same
time.

Other Embodiments

[0130] In addition to the above-mentioned embodiments,
various different embodiments may be implemented.
[0131] Case where morphologic image, blood flow image,
and elasticity image are generated by different ultrasound
scanning

[0132] In the above-mentioned embodiments, for
example, the case where a blood flow image and an elasticity
image are generated by the same ultrasound scanning is
described, but the embodiments are not limited thereto. For
example, a morphologic image, a blood flow image, and an
elasticity image may be generated by different ultrasound
scanning.

[0133] FIG. 13 is a diagram illustrating an exemplary scan
sequence according to other embodiments. In FIG. 13, the
horizontal axis corresponds to time. Ultrasound scanning for
each frame includes first ultrasound scanning, second ultra-
sound scanning, and third ultrasound scanning. The first
ultrasound scanning and the second ultrasound scanning are
the same as those illustrated in FIG. 3. In other words, a
blood flow image (blood flow information) is generated
from the first ultrasound scanning, and a morphologic image
(morphologic information) is generated from the second
ultrasound scanning.

[0134] The third ultrasound scanning is executed in order
to generate an elasticity image (elasticity information). In
this case, for example, the signal processing circuitry 130
calculates elasticity information by generating tissue move-
ment velocity information by TDI from reflected wave data
obtained by the third ultrasound scanning. Note that, without
being limited thereto, the signal processing circuitry 130
may generate an elasticity image based on correlation cal-
culation between adjacent frames.

[0135] Application of Shear Wave Elastography

[0136] In the above-mentioned embodiments, an elasticity
image is generated by strain elastography for imaging a
strain that is caused by minute vibration generated by an
action of bringing the ultrasound probe 101 into contact with
the body surface, but the generation method is not limited
thereto. For example, shear wave elastography may be
applied, which applies acoustic radiation force (push pulse)
to a biological tissue from the body surface so as to generate
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a displacement based on shear waves, and observes the
displacement at each point within a scanning cross-section
with time, to thereby determine the elastic modulus based on
a propagating velocity of the shear waves.

[0137] Referring to FIG. 13, ultrasound scanning applied
with shear wave elastography is described. In this case, the
first ultrasound scanning and the second ultrasound scanning
are the same as those in the above description. In other
words, a blood flow image (blood flow information) is
generated from the first ultrasound scanning, and a morpho-
logic image (morphologic information) is generated from
the second ultrasound scanning.

[0138] Here, the third ultrasound scanning is ultrasound
scanning for generating an elasticity image (elasticity infor-
mation) through shear wave elastography. Note that, in the
shear wave elastography, shear waves generated by single
push pulse transmission are attenuated in the course of
propagation, and hence a single region of interest is divided
into a plurality of small regions for scanning. Referring to
FIG. 13, a description is given of the case where the region
of interest is divided into three small regions for scanning,
and elasticity images in the three small regions are combined
to obtain a single elasticity image corresponding to the
region of interest. For the sake of description, the three small
regions are denoted by “small regions A, B, and C”.

[0139] Specifically, at the n-th frame, a blood flow image
is generated from the first ultrasound scanning, a morpho-
logic image is generated from the second ultrasound scan-
ning, and an elasticity image in the small region A is
generated from the third ultrasound scanning. Subsequently,
at the (n+1)th frame, a blood flow image is generated from
the first ultrasound scanning, a morphologic image is gen-
erated from the second ultrasound scanning, and an elastic-
ity image in the small region B is generated from the third
ultrasound scanning. Then, at the (n+2)th frame, a blood
flow image is generated from the first ultrasound scanning,
a morphologic image is generated from the second ultra-
sound scanning, and an elasticity image in the small region
C is generated from the third ultrasound scanning. By
combining the elasticity images in the small regions A, B,
and C, a single elasticity image corresponding to the region
of interest can be generated. In other words, the elasticity
image generated by shear wave elastography is low in frame
rate as compared with the blood flow image and the mor-
phologic image depending on the number of small regions.
Note that, the elasticity image generated by shear wave
elastography can be used for the generation and display of
combined image data similarly to the elasticity image gen-
erated by strain elastography described in the above-men-
tioned embodiments, except that the frame rate is lower.

[0140]

[0141] Other images than the above-mentioned elasticity
image, such as an attenuation image, an acoustic structure
quantification (ASQ) mode image, and a microcalcification
emphasized image are also applicable as tissue property
images.

[0142] As used herein, the attenuation image refers to an
image obtained by converting how ultrasound waves propa-
gating through a living body are attenuated into an image.
For example, the amount of attenuation of ultrasound waves
is estimated from signal intensity of a reflected wave signal
that is obtained when ultrasound waves at a predetermined
frequency are transmitted and received.

Other Tissue Property Images
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[0143] The ASQ-mode image refers to an image obtained
by determining the degree of deviance (variance) of signal
amplitude distribution of received signals from a Rayleigh
distribution through statistical filtering, and converting the
determined variance into an image.

[0144] The microcalcification emphasized image refers to
an image obtained by extracting, from a B-mode image,
microcalcifications occurring in a tissue to be observed, and
converting the extracted microcalcifications into an image.
[0145] When the above-mentioned attenuation image,
ASQ-mode image, or microcalcification emphasized image
is combined with a blood flow image as a tissue property
image, it is preferred that the blood flow image be repre-
sented by a difference in hue and the tissue property image
be represented by a difference other than the difference in
hue.

[0146] Medical Image Processing Device

[0147] Furthermore, the processing described in the
above-mentioned embodiments may be executed by a medi-
cal image processing apparatus.

[0148] FIG. 14 is a block diagram illustrating a configu-
ration example of a medical image processing apparatus
according to other embodiments. As illustrated in FIG. 14,
a medical image processing apparatus 200 includes an input
device 201, a display 202, storage circuitry 210, and pro-
cessing circuitry 220.

[0149] The input device 201 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, a joystick, or any other device. The
input device 201 receives various kinds of setting requests
from an operator of the medical image processing apparatus
200, and transfers various kinds of received setting requests
to each processing unit.

[0150] The display 202 displays a GUI, which is used for
the operator of the medical image processing apparatus 200
to input various kinds of setting requests with use of the
input device 201, and displays information generated by the
medical image processing apparatus 200 and any other
information.

[0151] The storage circuitry 210 is a nonvolatile storage
device as represented by a semiconductor memory element
such as a flash memory, a hard disk, and an optical disc.
[0152] The processing circuitry 220 is an integrated circuit
such as an ASIC and an FPGA, or an electronic circuit such
as a CPU and an MPU. The processing circuitry 220 controls
the overall processing of the medical image processing
apparatus 200.

[0153] Furthermore, the processing circuitry 220 executes
an acquisition function 221, an image generation function
222, and a combining function 223. The acquisition function
221, the image generation function 222, and the combining
function 223 have the same functions as the acquisition
function 141, the image generation function 142, and the
combining function 143 described in the above-mentioned
embodiments, respectively.

[0154] Specifically, the acquisition function 221 acquires
blood flow information and tissue property information.
[0155] Based on the blood flow information acquired by
the acquisition function 221, the image generation function
222 generates a blood flow image 20 in which a difference
in value in the blood flow information including a value that
is based on the blood flow at each position within the subject
is represented by at least a difference in hue. Furthermore,
the image generation function 222 generates, from the tissue
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property information acquired by the acquisition function
221, an elasticity image 10 in which a difference in value in
the tissue property information that includes a value based
on a tissue property at each position within the subject is
represented by a difference other than the difference in hue.
Then, the image generation function 222 stores the gener-
ated blood flow image 20 and elasticity image 10 in the
storage circuitry 210. Then, the combining function 223
combines the blood flow image 20 and the elasticity image
10 to generate a combined image 30.

[0156] Note that, the medical image processing apparatus
200 may acquire the already-generated blood flow image 20
and elasticity image 10 from a modality, and combine the
acquired images. In this case, the acquisition function 221
acquires each of the blood flow image 20 and the elasticity
image 10 by modality, and stores the acquired blood flow
image 20 and elasticity image 10 in the storage circuitry 210.
Then, the combining function 223 generates the combined
image 30 by combining the blood flow image 20 and the
elasticity image 10.

[0157] Furthermore, although the case of generating the
combined image 30 by combining the blood flow image 20
and the elasticity image 10 is described with reference to
FIG. 14, a combined image 70 may be generated by com-
bining a blood flow image 60 and an elasticity image 50.

[0158] Furthermore, each component of each device is
conceptually illustrated based on its function, and is not
necessarily required to physically configured as illustrated.

[0159] 1In other words, a specific mode for dispersion and
integration of the devices is not limited to the illustrated one,
and all or part of the devices can be functionally or physi-
cally dispersed and integrated in arbitrary units depending
on various kinds of loads, usage conditions, and any other
parameter. In addition, all or any part of each processing
function executed by each device may be implemented by a
CPU and a program analyzed and executed by the CPU, or
implemented as hardware by wired logic.

[0160] Furthermore, among the processing contents
described in the above-mentioned embodiments, all or part
of the processing that is described as being automatically
executed can also be manually executed, or all or part of the
processing that is described as being manually executed can
also be automatically executed by a known method. In
addition, the processing procedures, the control procedures,
the specific names, and the information including various
kinds of data and parameters described herein and illustrated
in the accompanying drawings can be arbitrarily changed
unless otherwise specified.

[0161] Furthermore, the medical image processing
method described in the above-mentioned embodiment can
be implemented by a personal computer or a workstation
computer executing a medical image processing program
prepared in advance. The medical image processing pro-
gram can be distributed via a network such as the Internet.
Furthermore, the medical image processing program can be
recorded in a computer-readable recording medivm, such as
a hard disk, a flexible disk (FD), a CD-ROM, an MO, and
a DVD, and executed by a computer reading the program
from the recording medium.

[0162] According to at least one of the embodiments
described above, a combined image in which a blood flow
and a tissue property are appropriately represented can be
generated.
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[0163] 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.
[0164] 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 ultrasound diagnostic apparatus, comprising image
processing circuitry configured to:
acquire, based on a result of ultrasound scanning pet-
formed on a subject, blood flow information including
a value that represents a blood flow at each position
within the subject, and tissue property information
including a value that represents a tissue property at
each position within the subject;
generate a first image in which a difference in value in the
blood flow information is represented by at least a
difference in hue, and a second image in which a
difference in value in the tissue property information is
represented by a difference other than the difference in
hue; and
generate a combined image by combining the first image
and the second image.
2. An ultrasound diagnostic apparatus, comprising image
processing circuitry configured to:
acquire, based on a result of ultrasound scanning per-
formed on a subject, blood flow information including
a value that represents a blood flow at each position
within the subject, and tissue property information
including a value that represents a tissue property at
each position within the subject;
generate a first image in which a difference in value in the
tissue property information is represented by at least a
difference in hue, and a second image in which a
difference in value in the blood flow information is
represented by a difference other than the difference in
hue; and
generate a combined image by combining the first image
and the second image.
3. The ultrasound diagnostic apparatus according to claim
1, wherein
the difference in value in the blood flow information is
represented by any one of a difference in hue, a
combination of a difference in hue and a difference in
lightness, a combination of a difference in hue and a
difference in chroma, and a combination of a difference
in hue, a difference in lightness, and a difference in
chroma, and
the difference in value in the tissue property information
is represented by any one of a difference in lightness,
a difference in chroma, and a combination of a differ-
ence in lightness and a difference in chroma.
4. The ultrasound diagnostic apparatus according to claim
2, wherein
the difference in value in the tissue property information
is represented by any one of a difference in hue, a
combination of a difference in hue and a difference in
lightness, a combination of a difference in hue and a
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difference in chroma, and a combination of a difference
in hue, a difference in lightness, and a difference in
chroma, and
the difference in value in the blood flow information is
represented by any one of a difference in lightness, a
difference in chroma, and a combination of a difference
in lightness and a difference in chroma.
5. The ultrasound diagnostic apparatus according to claim
1, wherein the image processing circuitry acquires the blood
flow information and the tissue property information based
on a result of the same ultrasound scanning.
6. The ultrasound diagnostic apparatus according to claim
2, wherein the image processing circuitry acquires the blood
flow information and the tissue property information based
on a result of the same ultrasound scanning.
7. The ultrasound diagnostic apparatus according to claim
1, further comprising control circuitry configured to display
an image on a display, wherein
the image processing circuitry further generates, based on
the result of ultrasound scanning performed on the
subject, a morphologic image representing a morphol-
ogy of a structure within the subject, and superimposes
the combined image on the morphologic image in a
non-transparent manner, to generate a first display
image, and
the control circuitry displays the first display image on the
display.
8. The ultrasound diagnostic apparatus according to claim
2, further comprising control circuitry configured to display
an image on a display, wherein
the image processing circuitry further generates, based on
the result of ultrasound scanning performed on the
subject, a morphologic image representing a morphol-
ogy of a structure within the subject, and superimposes
the combined image on the morphologic image in a
non-transparent manner, to generate a first display
image, and
the control circuitry displays the first display image on the
display.
9. The ultrasound diagnostic apparatus according to claim
7, wherein the control circuitry displays a second display
image including the morphologic image on the display so
that the second display image and the first display image are
displayed side by side.
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10. The ultrasound diagnostic apparatus according to
claim 8, wherein the control circuitry displays a second
display image including the morphologic image on the
display so that the second display image and the first display
image are displayed side by side.

11. The ultrasound diagnostic apparatus according to
claim 1, wherein the image processing circuitry is config-
ured to:

apply clutter removal filtering for removing a clutter

component to a received data sequence that is obtained
by a plurality of times of ultrasound transmission and
reception performed for the same position, and acquire
the blood flow information from the received data
sequence after the application of the clutter removal
filtering; and

acquire the tissue property information from the received
data sequence before the application of the clutter
removal filtering.

12. The ultrasound diagnostic apparatus according to
claim 2, wherein the image processing circuitry is config-
ured to:

apply clutter removal filtering for removing a clutter

component to a received data sequence that is obtained
by a plurality of times of ultrasound transmission and
reception performed for the same position, and acquire
the blood flow information from the received data
sequence after the application of the clutter removal
filtering; and

acquire the tissue property information from the received

data sequence before the application of the clutter
removal filtering.

13. The ultrasound diagnostic apparatus according to
claim 1, wherein the tissue property information is acquired
based on correlation calculation between a plurality of
pieces of received data that include received data used to
acquire the blood flow information.

14. The ultrasound diagnostic apparatus according to
claim 2, wherein the tissue property information is acquired
based on correlation calculation between a plurality of
pieces of received data that include received data used to
acquire the blood flow information.
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