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ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC IMAGE PROCESSING
APPARATUS AND ULTRASONIC
DIAGNOSTIC APPARATUS CONTROL
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the Japanese Patent Application No.
2014-201730, Sep. 30, 2014, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] This embodiment relates to an ultrasonic diagnostic
apparatus, an ultrasonic image processing apparatus and an
ultrasonic diagnostic apparatus control method that imple-
ments a high aliasing velocity, an excellent low flow rate
detectability, and a high sensitivity in ultrasonic diagnosis
that images a blood flow or a moving object.

[0003] An ultrasonic diagnostic apparatus can display a
pulsation of a heart and a state of a fetus’ motion in real time
with a simple operation by bringing an ultrasonic probe into
contact with a body surface, and further, has a high safety and
thus, it is possible to repeatedly perform examinations.
Besides, the ultrasonic diagnostic apparatus has a small sys-
tem scale as compared to another diagnostic equipment using
such as X-ray, computerized tomography (CT) and magnetic
resonance imaging (MRI), and is capable of easily perform-
ing examination by being moved to a bedside, which can be
referred to as a convenient diagnosis method. Although there
are various types of ultrasonic diagnostic apparatuses to be
used in such an ultrasonic diagnosis depending on types of
functions provided in the respective apparatuses, and among
them, a small apparatus having a size that can be carried with
one hand has been developed, and the ultrasonic diagnosis
does not cause exposure to radiation unlike the X-ray and the
like, and thus, can be used in obstetrics, home medical care
and the like.

[0004] TItis possible to image the moving object such as the
blood flow and a contrast agent by an imaging method called
a color Doppler or power Doppler method using such an
ultrasonic diagnostic apparatus. In such a Doppler imaging
method, a method is generally performed in which a plurality
of times of transmission and reception are performed in the
same direction, a moving target indicator (MTI) filter is
applied with respect to a data string thereof, and only a set of
velocity, dispersion, power of the blood flow is output and
displayed. Since a frame rate decreases with such a method, a
method of improving the frame rate by using data between
frames has been developed. Further, in a case where the blood
flow data is used between frames, there occurs a problem that
an aliasing velocity decreases, but a method of avoiding such
a problem by applying the MTT filter with respect to an
unequally spaced data string has been also developed.

[0005] However, the above-described MTI filter with
respect to the unequally spaced data string is a filter with a
fixed coefficient. Thus, there is a problem that motion artifact
is easily generated without being capable of coping with a
motion of the living body that constantly changes due to
heartbeat and breathing. Further, when a minute blood flow is
observed according to the conventional technique, a signal-
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to-noise ratio (S/N) of a signal becomes a problem in addition
to the low flow rate detectability.

[0006] From a viewpoint of the above-described situation,
an object is to provide an ultrasonic diagnostic apparatus, an
ultrasonic image processing apparatus and an ultrasonic diag-
nostic apparatus control method having a high aliasing veloc-
ity and a high low flow rate detectability, and capable of
imaging a blood flow or a moving object with a high frame
rate, and a high S/N.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1isablock diagram illustrating a configuration
of an ultrasonic diagnostic apparatus according to an embodi-
ment;

[0008] FIG. 2 is a functional block diagram of a color
Doppler processing circuit 24 of the ultrasonic diagnostic
apparatus according to the embodiment;

[0009] FIG. 3 is a flowchart illustrating a flow of a process
implemented in Doppler imaging of the ultrasonic diagnostic
apparatus according to the embodiment;

[0010] FIG. 4 is a diagram illustrating an example of ultra-
sonic transmission and reception to be performed in the Dop-
pler imaging of the ultrasonic diagnostic apparatus according
to the embodiment;

[0011] FIGS.5A and 5B are diagrams for describing signal
processing to be performed in a first processing system and a
second processing system of the color Doppler processing
circuit 24;

[0012] FIGS. 6A and 6B are diagrams for describing the
signal processing to be performed in the first processing sys-
tem and the second processing system of the color Doppler
processing circuit 24;

[0013] FIG. 7 is a diagram illustrating another example of
ultrasonic transmission and reception performed in the ultra-
sonic diagnostic apparatus according to the embodiment;
[0014] FIGS. 8A to 8E are diagrams for describing a Dop-
pler image to be generated and displayed by the ultrasonic
diagnostic apparatus according to the embodiment;

[0015] FIG. 9is a flowchart illustrating a scan sequence to
be implemented in Doppler imaging of an ultrasonic diagnos-
tic apparatus according to a second embodiment; and
[0016] FIG. 10 is a flowchart illustrating the scan sequence
to be implemented in the Doppler imaging of the ultrasonic
diagnostic apparatus according to the second embodiment.

DETAILED DESCRIPTION

[0017] An ultrasonic diagnostic apparatus according to an
embodiment is provided with reception signal acquisition
circuitry, power information acquisition circuitry, velocity
information acquisition circuitry and image generating cir-
cuitry. The reception signal acquisition circuitry performs a
plurality of times of ultrasonic scans having a plurality of
times of ultrasonic transmission and reception as a basic unit,
and acquires a plurality of reception signals respectively fora
plurality of reception rasters allocated with respect to a pre-
determined region of a subject. The power information acqui-
sition circuitry generates a plurality of first signals corre-
sponding to the plurality of reception rasters respectively by
performing adding processing or low-pass filtering having a
time of the ultrasonic scan as a unit with respect to the plu-
rality of reception signals respectively acquired for the plu-
rality of reception rasters, and acquires power information of
amoving body in the predetermined region based on a second
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signal to be obtained by performing an MTT filtering with
respect to the plurality of first signals. The velocity informa-
tion acquisition circuitry acquires velocity information of the
moving body based on a third signal obtained by performing
the MTI filtering with respect to the plurality of reception
signals respectively acquired for the plurality of reception
rasters. The image generating circuitry generates a Doppler
image corresponding to the predetermined region based on
the power information and the velocity information.

[0018] Hereinafter, a first embodiment to a third embodi-
ment of the present invention will be described in accordance
with the drawings. Incidentally, in the following description,
components having substantially the same function and con-
figuration will be attached with the same reference numerals
and an overlapped description thereof will be made only in a
necessary case.

First Embodiment

[0019] FIG.1isablockdiagram illustrating a configuration
of an ultrasonic diagnostic apparatus according to a first
embodiment. As illustrated in FIG. 1, an ultrasonic diagnostic
apparatus 1 is provided with an ultrasonic probe 12, an input
interface circuit 13, a monitor 14, an ultrasonic transmitting
circuit 20, an ultrasonic receiving circuit 21, an input buffer
22, a B-mode processing circuit 23, a color Doppler process-
ing circuit 24, a FFT Doppler processing circuit 25, a RAW
data memory 26, a volume data generating circuit 27, an
image processing circuit 28, a display processing circuit 30, a
control processor (CPU) 31, a storage circuit 32 and an inter-
face circuit 33. Hereinafter, a description will be made regard-
ing a function of individual component.

[0020] The ultrasonic probe 12 is a device (probe) that
transmits an ultrasonic wave with respect to a subject having
a living body as a typical example, and receives a reflected
wave from the subject based on the transmitted ultrasonic
wave, and has an array of a plurality of a plurality of piezo-
electric vibrators (ultrasonic transducers), a matching layer, a
backing material and the like at a distal end thereof. The
piezoelectric vibrator transmits an ultrasonic wave to a
desired direction in a scan region based on a driving signal
from the ultrasonic transmitting circuit 20, and converts the
reflected wave from the subject into an electrical signal. The
matching layer is an intermediate layer that is provided in the
piezoelectric vibrator and causes ultrasonic energy to be
propagated with high efficiency. The backing material pre-
vents propagation of the ultrasonic wave from the piezoelec-
tric vibrator to a rear side. When the ultrasonic wave is trans-
mitted from the ultrasonic probe 12 to the subject, the
transmitted ultrasonic wave is sequentially reflected by a
discontinuity surface of acoustic impedance of internal body
tissue, and is received by the ultrasonic probe 12 as an echo
signal. The amplitude of the echo signal depends on a differ-
ence in the acoustic impedance in the reflecting discontinuity
surface. In addition, an echo in a case where a transmitted
ultrasonic pulse is reflected by a moving blood flow depends
on a velocity component of an ultrasonic transmitting and
receiving direction of the moving body due to the Doppler
effect. and is subjected to a frequency shift. In the present
embodiment, the ultrasonic probe 12 is set to a one-dimen-
sional array probe in which a plurality of the ultrasonic vibra-
tors are arranged along a desired direction. However, the
present invention is not bound to such an example, and the
ultrasonic probe 12 may be configured to be capable of
acquiring volume data, and to be a two-dimensional array

Mar. 31, 2016

probe (probe in which the plurality of ultrasonic vibrators are
arranged in a two-dimensional matrix form) or a mechanical
4D probe (probe capable of performing the ultrasonic scan
while mechanically swinging the ultrasonic vibrator array in
a direction perpendicular to the array direction).

[0021] The input interface circuit 13 is connected to an
apparatus body 11, and has various types of switches, buttons,
a trackball, a mouse, a keyboard and the like which are used
to input, to the apparatus body 11, various types of instruc-
tions, conditions, an instruction to set a region of interest
(ROI), various types of image quality condition setting
instructions, and the like from an operator such as selection of
an imaging mode.

[0022] The monitor 14 is a display that displays morpho-
logical information in a living body and blood flow informa-
tion acquired through a color Doppler mode as images based
on video signals from the display processing circuit 30. In
addition, the monitor 14 displays an ultrasonic image to be
reproduced by a color Doppler imaging method, which will
be described later, in a predetermined form together with a
predetermined information.

[0023] The ultrasonic transmitting circuit 20 has a trigger
generating circuit, a delay circuit, and a pulser circuit (which
are not illustrated). The trigger generating circuit repetitively
generates trigger pulses for the formation of transmission
ultrasonic waves at a predetermined rate frequency fr Hz
(period: 1/fr sec). In addition, in the delay circuit, adelay time
necessary to focus an ultrasonic wave into a beam and deter-
mine transmission directivity for each channel 1s given to
each trigger pulse. The pulser circuit applies adriving pulse to
the probe 12 at the timing based on this trigger pulse. In
addition, the ultrasonic transmitting circuit 20 performs ultra-
sonic transmission, which will be described later, based on a
control signal from the control processor 31 in a color Dop-
pler imaging process.

[0024] The ultrasonic receiving circuit 21 has an amplifi-
cation circuit, an A/D converter, the delay circuit, an adder, a
quadrature detection circuit, and the like (which are not illus-
trated). The amplification circuit amplifies the echo signal
taken via the probe 12 for each channel. The A/D converter
converts the amplified analog echo signal into a digital echo
signal. The delay circuit determines reception directivity with
respect to the echo signal converted into the digital signal, and
gives the delay time necessary for performing reception
dynamic focusing, and then the adder performs adding pro-
cessing is performed. A reflection component from a direc-
tion corresponding to the reception directivity of the echo
signal is enhanced through the adding processing, and a com-
posite beam for ultrasonic transmission and reception is
formed in accordance with the reception directivity and trans-
mission directivity. The quadrature detection circuit converts
an output signal of the adder into an in-phase signal (I signal)
of a baseband, and a quadrature-phase signal (Q signal). The
quadrature detection circuit outputs the I signal and the Q
signal (IQ signal), as the echo signal, to a subsequent pro-
cessing system. Incidentally, the quadrature detection circuit
may perform conversion processing into a radio frequency
(RF) signal. Incidentally, the ultrasonic receiving circuit 21
performs ultrasonic reception, which will be described later,
based on a control signal from the control processor 31 in a
color Doppler imaging process.

[0025] The input buffer 22 is a buffer that temporarily
stores the echo signal (the IQ signal or the RF signal) output
from the ultrasonic receiving circuit 21. The input buffer 22
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is, for example, a first-in/first-out (FIFO) memory, and tem-
porarily stores the 1Q signals for several frames (or the 1Q
signals corresponding to several volumes). In addition, the
input buffer 22 is a circuit that rewrites the IQ signal corre-
sponding to the temporally oldest frame with the IQ signal,
which has been newly received from the ultrasonic receiving
circuit 21 in a case where the IQ signal for one frame is newly
output from the ultrasonic receiving circuit 21.

[0026] The B-mode processing circuit 23 receives the echo
signal from the receiving circuit 21, and performs logarithmic
amplification, envelope detection processing, and the like for
the signal to generate data of which signal intensity is
expressed by a brightness level.

[0027] The color Doppler processing circuit 24 performs
color Doppler processing using the echo signal (the 1Q signal
or the RF signal) received from the input buffer 22, and
outputs a power signal and a velocity signal. Incidentally, the
color Doppler processing circuit 24 has at least dual signal
processing system including a first processing system that
performs processing in relation to a power signal, and a sec-
ond processing system that performs processing in relation to
avelocity signal (see FIG. 2). A specific function of the color
Doppler processing circuit 24 will be described later in detail.
[0028] The FFT Doppler processing circuit 25 performs
fast Fourier transform using the acquired echo signal in a
continuous wave Doppler mode, and outputs a spectrum sig-
nal.

[0029] TheRAW data memory 26 generates B-mode RAW
data, which is B-mode data on a three-dimensional ultrasonic
scan line, using a plurality of the B-mode data received from
the B-mode processing circuit 23. In addition, the RAW data
memory 26 generates blood flow RAW data, which is blood
flow data on the three-dimensional ultrasonic scan line, using
a plurality of the blood flow data received from the color
Doppler processing circuit 24. Incidentally, it may be config-
ured such that a three-dimensional filter is inserted subse-
quently to the RAW data memory 26 to perform spatial
smoothing for the purpose of reducing noise and improving
image concatenation.

[0030] The volume data generating circuit 27 generates
B-mode volume data and blood flow volume data by perform-
ing RAW-voxel conversion including an interpolation pro-
cess in which spatial position information is added.

[0031] The image processing circuit 28 performs predeter-
mined image processing such as volume rendering, multi
planar reconstruction (MPR), and maximum intensity projec-
tion (MIP) for the volume data received from the volume data
generating circuit 27. Incidentally, it may be configured such
that a two-dimensional filter is inserted subsequently to the
image processing circuit 28 to perform the spatial smoothing
for the purpose of reducing the noise and improving the image
concatenation.

[0032] The display processing circuit 30 performs various
types of processes such as a dynamic range, brightness, con-
trast, y curve correction, RGB conversion, and the like for
various types of image data generated and processed by the
image processing circuit 28.

[0033] The control processor 31 has a function as an infor-
mation processing apparatus (computer), is a central process-
ing unit (CPU) that controls each operation of components,
and is configured by a processing circuitry and a memory.
Further, the control processor 31 controls the ultrasonic trans-
mitting circuit 20, the ultrasonic receiving circuit 21, the color
Doppler processing circuit 24, and the like in a process (color
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Doppler imaging process) according to acolor Doppler imag-
ing function which will be described later.

[0034] The storage circuit 32 is used to store a program for
implementing processing in relation to the ultrasonic trans-
mission and reception and a Doppler signal, a diagnostic
protocol, transmission and reception conditions and other
data groups, which are implemented in the color Doppler
imaging process which will be described later. In addition, the
storage circuit 32 is also used to store images in an image
memory (not illustrated) if necessary. It is possible to transfer
data in the storage circuit 32 to an external peripheral appa-
ratus via the interface circuit 33.

[0035] The interface circuit 33 is an interface for connec-
tion with a new outer storage apparatus (not illustrated) such
as the input interface circuit 13 and a network interface cir-
cuit. It is also possible to connect another apparatus to the
ultrasonic diagnostic apparatus body 11 via the interface cir-
cuit 33. In addition, it is possible to transfer data such as the
ultrasonic image, analysis results, obtained by the apparatus,
to another apparatus via the network by the interface circuit
33.

[0036] (Configuration of Color Doppler Processing Circuit
24)
[0037] FIG.2isadiagramillustrating a block configuration

of the color Doppler processing circuit 24. The color Doppler
processing circuit 24 is configured by the processing circuitry
and the memory. Further, the color Doppler processing circuit
24 implements the two system of the first processing system
(a power processing system P) and the second processing
system (a velocity processing system V) by causing a dedi-
cated program stored in the memory to be executed by the
processing circuitry.

[0038] The first processing system is configured by an
intra-frame data adding function 241, a first calculation func-
tion 243, a first MT1 filter function 245, a power estimation
function 247, and a LOG compression processing function
249. Further, the second processing system is configured by a
second calculation function 242, a second MTI filter function
244, and a velocity estimation function 246.

[0039] In the first processing system, the intra-frame data
adding function 241 adds the echo signals at the same recep-
tion positions in the same frame using the echo signal (the 1Q
signal or the RF signal) for each frame output from the input
buffer 22. The first calculation function 243 sequentially cal-
culates correlation matrices between frames using the echo
signal (the added echo signal) obtained by adding a plurality
of signals at the same reception positions in the frame as a
signal. Further, the first calculation function 243 sequentially
calculates coefficients of the MTI filter based on the obtained
correlation matrix. The first MTI filter 235 applies the MTI
filter between the frames while adaptively changing the coef-
ficient using the coefficients sequentially calculated by the
first calculation function 243. The power estimation function
247 estimates the power signal using a component extracted
in the first MTT filter 235. The LOG compression processing
function 249 performs LOG compression of the estimated
power signal and output the resultant to the subsequent pro-
cessing system.

[0040] Further, in the second processing system, the second
calculation function 242 sequentially calculates intra-frame
and inter-frame correlation matrices using the echo signals (a
data string having an unequal time interval) at the same recep-
tion positions over a plurality of the frames. Further, the
second calculation function 242 sequentially calculates coef-
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ficients of the MTI filter based on the obtained correlation
matrix. The second MTI filter function 244 applies the MTI
filter between the frames while adaptively changing the coef-
ficient using the coefficients sequentially calculated by the
second calculation function 242. The velocity estimation
function 246 estimates the blood flow velocity using a com-
ponent extracted in the second MTT filter function 244.
[0041] (Color Doppler Imaging Process)

[0042] FIG. 3 is a flowchart illustrating a flow of the color
Doppler imaging process to be implemented by the ultrasonic
diagnostic apparatus 1 according to the present embodiment.
Hereinafter, a description will be made in detail regarding a
process performed in each step.

[0043] [Ultrasonic Transmission and Reception: Step S1]
[0044] FIG. 4 is a diagram illustrating an example of the
ultrasonic transmission and reception to be performed in the
Doppler imaging of the ultrasonic diagnostic apparatus 1. In
FIG. 4, the downward arrow indicates one-time ultrasonic
transmission, a position on the horizontal axis of the down-
ward arrow on indicates an ultrasonic transmission position in
relation to a raster direction (that is, transmitting direction),
and a position on the vertical axis of the downward arrow
indicates the number of times of transmission. Further, the
upward arrow indicates one-time ultrasonic reception, a posi-
tion on the horizontal axis of the upward arrow on indicates an
ultrasonic reception position in relation to the raster direction
(that is, receiving direction), and a position on the vertical
axis of the upward arrow indicates the number of times of
reception.

[0045] As illustrated in FIG. 4, the ultrasonic transmission
and reception in the color Doppler imaging process repeat-
edly performs, as a basic unit, parallel simultaneous reception
in which reception signals of a plurality of directions (the
plurality of reception rasters) can be obtained at one-time
transmission. Incidentally, FIG. 4 illustrates an example at the
time of four-direction parallel simultaneous reception for
one-time transmission in order to specify the description.
However, the number of parallel simultaneous reception cor-
responding to one-time transmission (that is, the basic unit)
may be any number.

[0046] Further, the control processor 31 performs a scan of
one frame while shifting the transmission position by a recep-
tion raster for each transmission in each frame. In this man-
ner, as illustrated in FIG. 4, eight times of transmission are
performed in a frame, and four signals (four echo signals
corresponding to the reception raster in the same picture
frame) having the same reception position although having
different transmission positions are successively acquired
position for the plurality of frames.

[0047] [First Processing (Power Signal Processing): Step
S2A]
[0048] FIG. 5A is a diagram for describing processing in

relation to the power signal to be performed in the first pro-
cessing system (WF1) of the color Doppler processing circuit
24. FIG. 6A is a diagram in which the “number of times of
transmission and reception” in the vertical direction of FIG.
5A is drawn in the horizontal direction regarding the echo
signal from a certain depth on a predetermined reception
raster. Incidentally, data strings described by “al, a2, a3 and
a4”,“b1,b2,b3 and b4”, “cl, ¢2, c3 and c4” and so onin WE2
of FIG. 6A are data strings of the echo signal at the same
reception position received by the second processing system.
[0049] As illustrated in FIG. 6A, the intra-frame data add-
ing function 241 adds the four echo signals at the same recep-
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tion position although having different transmission positions
in one frame (four 1Q signals or RF signals in the red frame of
FIG. 5A, that is, “al, a2, a3 and a4” and the like of FIG. 6A),
and generates added echo signals A, B, C, D and so on for
each raster in each frame. The added echo signal to be
obtained by the addition can be expressed by, for example, the
following Equation 1.

A=a,+ay+aztay

B=b+by+by+by (1)

[0050] In general, when a signal including random noise is
added N times, an S/N is improved by a square root of N.
Accordingly, when the signal is added four times as in the
present embodiment, an S/N is improved twice, that is, by 6
dB. Incidentally, in a case where an amplitude signal or the
power signal is added, an S/N is not improved. Thus, it is
necessary to perform addition at a point in time of the 1Q
signal or the RF signal in a coherent state in order to improve
the S/N.

[0051] Next, the first calculation function 243 calculates
the correlation matrices between frames using the obtained
data strings A, B, C. D and so on of the added echo signal.
Incidentally, although it is possible to set the number L of the
data strings to be used in the corresponding inter-frame cor-
relation matrix in an arbitrary manner, here, a case will be
exemplified in which =4, and four data are used in order to
specify the description. Specifically, as the data string, a data
string is used by shifting one by one as the frame number
increases, for example, data of A, B, C and D in an output
frame 1, data of B, C, D and E in an output frame 2, and data
of C, D, E and F in an output frame 3.

[0052] The data string used in Output Frame 1 can be for-
mulated as the following Equation 2.

Am @)
Bm
X =
Cn
Dy
[0053] As described above, the data string of A, B, Cand D

is a row of the echo signals from a certain depth on a certain
reception raster. Further, in case where a subscript m is
attached, it is considered that a particular position, that is, a
two-dimensional or three-dimensional m-th position is indi-
cated, and that it is possible to acquire information from M
spatial positions as a whole.

[0054] A correlation matrix Rxx according to a spatial
ensemble average can be formulated as the following Equa-
tion 3.

M
H
R = Z XXy

m=

[0055] Here, a subscript H represents a complex conjugate
transpose (Hermitian transpose). It may be configured such
that a correlation matrix is calculated using data of the entire
range ofa color Doppler scan, or that the scan range is divided
into blocks, and then, each correlation matrix is calculated for
each block, as M ranges. The above-described correlation
matrix Rxx is a matrix of LxL. Incidentally, a covariance
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matrix may be used instead of the correlation matrix. Here,
the covariance matrix is obtained by performing an arithmetic
operation of the above-described Equation 3 with respect to a
signal xm obtained by subtracting an average value in
advance.

[0056] Next, the first calculation function 243 calculates an
eigenvalue and an eigenvector for the obtained correlation
matrix Rxx of LxL. When a matrix in which the eigenvalues
are arranged from the left in a descending order with the
eigenvector as a column vector is set to V, and the echo signal
is approximated with K principal components from the top, it
is possible to express the correlation matrix Rxx as the fol-
lowing Equation 4.

[0057] Here, the center matrix is a diagonal matrix, and in
diagonal elements, the number of “1” is K from the upper left
and the remaining components are “0”.

[0058] Next, the first calculation function 243 subtracts the
component represented by the above-described Equation 4
from an original signal x. Since V is a unitary matrix, a result
of the subtraction can be expressed by the following Equation
5.

1 0 ®

0 1

[0059] The first calculation function 243 calculates a coef-
ficient by multiplying a matrix W expressed by the following

Equation 6 to an input data string x, and determines a con-
figuration of the MTT filter.

0 (6)

[0060] Incidentally, in the above-described Equation 6, K
becomes the number of*“0” in the center diagonal matrix. This
becomes a process of reducing a rank of the matrix, and
accordingly, K will be referred to as a rank-cut number.

[0061] The first MTT filter function 245 performs the MTI
filtering, defined by the matrix W, to the input data string X,
and outputs a data string y represented by the following
Equation 7.

y=x ™
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[0062] The power estimation function 247 performs calcu-
lation represented by the following Equation 8 with respect to
the data string y from the first MTT filter function 245, and
acquires a power value P0.

Po:)’H.V ®)

[0063] TheLOG compression processing function 249 per-
forms the log compression according to the following Equa-
tion 9, and acquires a power value P to be used at the end.

P=log(P,) ©)

[0064] In the ultrasonic transmission and reception illus-
trated in FIG. 5A, when an ultrasonic transmission interval is
setas T, 8T becomes 1 frame time. Accordingly, aninterval of
the data string of A, B, C and D of the first processing system
is given “1 frame time=8T", and the aliasing velocity is given
as the following Equation 10.

v o€ (10)
T 45,87

[0065] [Second Processing (Velocity Signal Processing):
Step S2B]
[0066] FIG. 5B is a diagram for describing processing in

relation to the velocity signal to be performed in the second
processing system (WF2) of the color Doppler processing
circuit 24.

[0067] Next, the second calculation function 242 calculates
the intra-frame and inter-frame correlation matrices using a
plurality of the echo signals having the same reception posi-
tion although having different transmission positions as an
input data string over the plurality of frames. Incidentally,
although it is possible to set a length L of the data string to be
used in the corresponding inter-frame and inter-frame corre-
lation matrix calculation in an arbitrary manner, here, data
present in the same observation time as the first processing is
used in order to specify the description. Accordingly, as illus-
trated in FIG. 6A, the data string present in the same obser-
vation time as WF1 in Output Frame 1 can be expressed by the
following Equation 11 as a vector having 16 elements of “al,
a2, a3 and a4” to “dl, d2, d3 and d4” described as WE2
(corresponding to 16 1Q signals or RF signals in the red frame
of FIG. 5B).

ay (1D

[0068] Inother words, the same processing as the first pro-
cessing (WF1) is performed with [=16. Accordingly, the
correlation matrix Rxx is given as a matrix of 16x16. It should
be noted that the processing has been performed with respect
to an equally spaced data string in the first processing but the
processing is performed with respect to an unequally spaced
data string in the second processing. A method of removing
clutter from an ultrasonic signal of the equally spaced data
string by principal component analysis is disclosed in
Bjaerum, Torp, Kristoffersen, “Clutter filters adapted to tis-
sue motion in ultrasound color flow imaging”, IEEE Trans.
Ultrason., Ferroelect., Freq. Contr., vol. 49, pp. 693-704, June
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2002. However, a method of using the principal component
analysis as a method of removing clutter from an ultrasonic
signal of the unequally spaced data string is a feature of the
color Doppler imaging function according to the present
embodiment.

[0069] The second calculation function 242 performs the
principal component analysis with respect to the unequally
spaced data string, and gives a rank-cut number K, different
from that of the first processing, and determines the MTI filter
matrix W. The second MTT filter function 244 performs the
MTI filtering using the determined MTT filter matrix W, and
generates an output data string illustrated in FIG. 6B.

[0070] The velocity estimation function 246 calculates the
blood flow velocity using a data string in which the entire data
of a pulse pair performing autocorrelation calculation is sur-
rounded by data having a short period in order to avoid influ-
ence from an end portion of the generated data string. For
example, in a case where the output data string illustrated in
FIG. 6B is used, the velocity estimation function 246 calcu-
lates an autocorrelation function c1 according to the follow-
ing Equation 12.

L= Y3ty Yty 10 Yt 1a %1 (12)

[0071] Here, “*” indicates a complex conjugate. Inciden-
tally, in a case where all the pulse pairs having the short period
are used, the S/N is also favorable. Thus, the velocity estima-
tion function 246 may be configured to calculate the autocor-
relation function c1 by the following Equation 13.

13

15
= Z Vi Yist
-1

[0072] The velocity estimation function 246 calculates the
blood flow velocity by the following Equation 14 using the
obtained autocorrelation function c1 as described above.

V=a tan 2(imag(c,),real(c,)) 14)

[0073] Here, atan 2 is an arctangent function that calculates
an angle in a range of —m to m. At this time, the aliasing
velocity can be obtained by the following Equation 15.

v C (15)
T

[0074] When comparing Equation 10 and Equation 15, it is
understood that the aliasing velocity of the second processing
is eight times the aliasing velocity of the first processing. That
is, it is possible to implement a high aliasing velocity accord-
ing to the second processing according to the present embodi-
ment.

[0075] [Process of Generation and Display of Doppler
Image: Steps S3 and S4]

[0076] The image processing circuit 28 generates the Dop-
pler image using the power value P obtained by the first
processing system and a velocity value V obtained by the
second processing system. The generated Doppler image is
subjected to predetermined processing in the display process-
ing circuit 30, and then, is displayed on the monitor 14 in a
predetermined form, for example, in a velocity display mode
in whichthe velocity value V is displayed only in a case where
the power value P is equal to or larger than a certain threshold
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value, in a power with direction display mode in which color
coding is performed into red and blue depending on reference
signs of the velocity value V, and brightness is changed
depending on the power value P, and the like. According to
such a display, it is possible to display a minute blood flow in
the state with little noise in the velocity display mode, and
thus, it is possible to display the velocity value with the high
aliasing velocity. In the power with direction display mode, it
is possible to perform the display without error in the color
coding of directions even at high flow rate, and it is also
possible to simultaneously display the minute blood flow at
high flow rate.

Modified Example 1

[0077] In Step S1 of the embodiment described above, the
parallel simultaneous transmission and reception is per-
formed by shifting the transmission position by a reception
raster for each transmission and the power signal and the
velocity signal are calculated, respectively, in the first pro-
cessing system and the second processing system using the
obtained echo signal string as illustrated in FIGS. 4 to 5B.
However, the present invention is not limited to such an
example, and may be configured such that the parallel simul-
taneous transmission and reception is performed without
shifting the transmission position for each transmission and
the power signal and the velocity signal are calculated,
respectively, in the first processing system and the second
processing system using the obtained echo signal as illus-
trated in FIG. 7. Incidentally, in the example of FIG. 7, it is
exemplified that the parallel simultaneous transmission and
reception is performed for each frame while shifting the
transmission position, with a plurality of times (four) of trans-
mission as the basic unit, by the plurality of reception rasters
(four to five rasters).

[0078] Incidentally, in ultrasonic transmission and recep-
tion according to Modified Example 1, there is a need for a
process of collectively shifting the transmission position in
unit of block (corresponding to the dotted line in FIG. 7).
Accordingly, there is no need for such collective shifting in
the ultrasonic transmission and reception illustrated in FIGS.
4 to 5B, and accordingly, there is an effect of not generating
difference in level between blocks due to discontinuity at a
point at which the transmission position is changed.

Modified Example 2

[0079] In Step S2 of the embodiment described above, the
coefficient ofthe M1 filter is adaptively determined using the
principal component analysis (or a process mathematically
equivalent thereto) that uses the correlation matrix or the
covariance matrix with respect to the unequally spaced data
string. However, the present invention is not bound to such an
example, and it may be configured such that the coefficient of
the MTI filter is adaptively determined with respect to the
unequally spaced data string by approximating the clutter
using polynomial fitting, for example, and subtracting the
clutter from the original signal (or by performing a process
mathematically equivalent thereto).

Comparative Example

[0080] FIGS.8A to 8E are diagrams for describing an effect
ofthe ultrasonic diagnostic apparatus according to the present
embodiment, and illustrate images in which the power with
the direction of the blood flow is displayed. In each drawing,



US 2016/0089115 A1

in a case where there is no aliasing, a red (dot) region repre-
sents the blood flow flowing toward the ultrasonic probe 12, a
blue (oblique line) region represents the blood flow flowing
out, and brightness represents the magnitude of power. A gray
scale (no pattern) region is a region in which the power value
is equal to or smaller than the threshold value and a B-mode
image is visible. Incidentally, the number of reception of the
same raster in the frame is five.

[0081] FIG. 8A is the diagram in which the power and the
velocity are obtained by applying the MTI filter only with
respect to five data in a frame, and displayed. As understood
from FIG. 8A, the observation time is short so that the low
flow rate is almost undetectable.

[0082] FIG. 8B is the diagram in which the power and the
velocity are obtained by applying the MTI filter with respect
to data of 16 frames using one data without performing the
adding processing in a frame, and then displayed. It is under-
stood that a kidney blood flow is expressed, but red (dot) and
blue (oblique line) are mingled, and multiple aliasing phe-
nomena are generated.

[0083] FIG. 8C is the diagram in which only the first pro-
cessing is performed using data of 16 frames with the added
echo signal obtained by adding five data in a frame as a signal,
and the power and the velocity of the first processing are used
to be displayed. As compared to FIG. 8B, it is understood that
brightness of a part having no blood flow is dark, the S/N is
improved, and more minute blood flow is also observed in
FIG. 8C.

[0084] FIG. 8D is the diagram in which only the second
processing is performed and the power and the velocity of the
second processing are used to be displayed. As compared to
FIGS. 8B and 8C, it is understood that the aliasing is greatly
reduced in F1G. 8D, an artery of the kidney 1s displayed in red,
and a vein thereof is displayed in blue so that two blood
vessels are separately visible due to each color.

[0085] FIG. 8E is the diagram in which the power (power in
FIG. 8C) of the first processing and the velocity (velocity in
FIG. 8D) of the second processing are used to generate and
display the Doppler image. Although noise is visible around
the minute blood flow in the example of F1G. 8D, the bright-
ness of the minute blood flow is increased so that the minute
blood flow is more clearly observed in the example of FIG.
8E.

[0086] According to the ultrasonic diagnostic apparatus
according to the present embodiment, the echo signals (the IQ
signal or the RF signal) having the same reception position in
the same frame are added in the first processing system, the
obtained added echo signal is set as a signal, and the MTT filter
is applied between frames. The MTI filter is performed by a
method of approximating the clutter with the principal com-
ponent analysis and subtracting the clutter from the original
signal. The filter coefficients ofthe MTI filter are sequentially
updated based on the obtained echo signals, and thus, can
adaptively react to a motion, and prevent generation of the
motion artifact. Further, since the filter coefficient of the MTI
filter is determined using the added echo signal, it is possible
to improve the S/N as compared to the related art. Here, in the
first processing system, a problem is not generated in which
the image appears to be discontinuous when the transmission
position is different since the difference in the transmission
positions is completely canceled so as to add the signal having
the same reception position although having the different
transmission position. In addition, since the interval of data to
beused for calculation of the filter coefficient of the MTT filter
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is one frame, it is possible to implement an excellent sensi-
tivity to the low flow rate. Incidentally, although the aliasing
velocity in the first processing system is set to the low state, an
object to be calculated in the first processing system is the
power information. Accordingly, there is no problem even
when there occurs the aliasing velocity in the first processing
system.

[0087] Further, according to the ultrasonic diagnostic appa-
ratus according to the present embodiment, the principal
component analysis is performed using the echo signal (the
1Q signal or the RF signal) having the same reception position
is used as the unequally spaced data string without addition
for several frames in the second processing system. It is
possible to implement the MTI filter that is adaptively
changed even with respect to the unequally spaced data string
by subtracting the original signal from the principal compo-
nent obtained above. The velocity is estimated using the pulse
pair having the short data interval in the MT1 filter output
signals. Further, the aliasing velocity increases as being deter-
mined depending on a reception interval T, and the aliasing is
hardly generated. Incidentally, a gap caused by different
transmission is generated between the reception rasters since
the signal having the same reception position although having
different transmission positions are directly used in the sec-
ond processing system. However, such a phase change is
periodic and can be detected as the principal component in the
principal component analysis so that it is possible to suppress
influence thereof, and thus, a significant erroris not generated
in the velocity information to be obtained in the second pro-
cessing.

Second Embodiment

[0088] The first embodiment exemplifies a case in which
only the color Doppler scan is performed in Step S1 of FIG. 3.
On the contrary, in a second embodiment, a description will
be made regarding a case in which a B-mode scan is also
performed together with the color Doppler scan.

[0089] FIG. 9 is a diagram for describing the ultrasonic
transmission and reception to be performed in Step S1 of FIG.
2 by an ultrasonic diagnostic apparatus according to the sec-
ond embodiment. As illustrated in FIG. 9, the B-mode scan
for 1 frame is performed in the “B-mode scan”, and the color
Doppler scan for 1 frame is performed in the “color Doppler
scan”. Here, the “color Doppler scan” means the scan (that is,
the scan by performing the parallel simultaneous transmis-
sion and reception in which the transmission position is
shifted for a reception raster for each transmission) illustrated
in FIG. 4 or the scan according to Modified Example 1.
[0090] Theultrasonic diagnostic apparatus according to the
second embodiment is different from the ultrasonic diagnos-
tic apparatus according to the first embodiment in that the
aliasing velocity in the first processing is reduced since the
frame time increases by time for the B-mode scan. However,
there is no change in the aliasing velocity in the second
processing. Here, since relatively long time required in the
unequally spaced data string further increases, a property of
the MTT filter according to the principal component analysis
deteriorates, and there is a possibility that the clutter is not
allowed to be sufficiently removed in the second processing.

Third Embodiment

[0091] FIG. 10 is a diagram for describing the ultrasonic
transmission and reception to be performedin Step S1 of FIG.
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3 by an ultrasonic diagnostic apparatus according to a third
embodiment. As illustrated in FIG. 10, the ultrasonic diag-
nostic apparatus according to the present embodiment per-
forms the B-mode scan for every part (for every % of the
entire region in the example of FIG. 10) in the entire region to
be scanned by ultrasonic wave in a case where the color
Doppler scan and the B-mode scan are performed.

[0092] That is, a first Y4 1s scanned in “B-mode scan 17, and
then a next %4 is scanned in “B-mode scan 2”. Accordingly,
the entire scan is completed at four times. On the other hand,
in the color Doppler scan, the entire region is scanned in each
scan as similarly to the first embodiment or Modified
Example 1 thereof. Accordingly, it is possible to generate and
display the Doppler image for each period of the “color Dop-
pler scan”. Here, a case is assumed in which a period of the
color Doppler scan exceeds 60 fps, and the color Doppler
image of a frame is displayed in two periods of the color
Doppler scan. For example, in a case where the period of the
color Doppler scan is 120 fps, the color Doppler is displayed
at 60 fps, and the B-mode is displayed at 30 fps.

[0093] According to the ultrasonic diagnostic apparatus
according to the present embodiment, it is possible to prevent
the period of the color Doppler scan from increasing due to
the B-mode scan.

[0094] Incidentally, the present invention is not limited to
the above-described embodiments, and components can be
modified and embodied in the execution stage within a scope
of not departing from a gist of the invention. Specific modi-
fied examples are as follows, for example.

[0095] Itis possible to implement each function according
to the embodiments by installing a program that executes the
corresponding processing to a computer such as a worksta-
tion, and causing the program to be deployed on a memory. At
this time, it is possible to store the program, which can cause
the computer to execute the corresponding technique, in a
recording medium such as a magnetic disk (a floppy (regis-
tered trademark), a hard disk and the like), an optical disk
(CD-ROM, DVD and the like) and a semiconductor memory.
[0096] Itis also possible to implement, in an ex-post man-
ner, the generation and display ofthe Doppler image using the
processing by the first processing system and the second
processing system according to the above-described embodi-
ment, using the 1Q signal or the RF signal acquired in advance
in the color Doppler mode in the ultrasonic image processing
apparatus

[0097] In the first processing system according to the
above-described embodiments, the four echo signals having
the same reception position although having the different
transmission positions in a frame are added to generate the
added echo signal for each raster in each frame. The low-pass
filtering may be performed as the processing equivalent
thereto.

[0098] It has been exemplified a case in which the first
processing system and the second processing system accord-
ing to the above-described embodiments are implemented by
causing the processing circuitry to execute the dedicated pro-
gram stored in the memory in the color Doppler processing
circuit 24. However, the present invention is not limited
thereto and each of the first processing system and the second
processing system may be implemented using a hardware
configuration such as a processing circuitry and the memory.
[0099] Incidentally, the above described “processing cir-
cuitry” means, for example, a central processing unit (CPU),
a graphics processing unit (GPU), an application specific
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integrated circuit (ASIC), a programmable logical device
(e.g., asimple programmable logic device (SPLD), a complex
programmable logic device (CPLD), and a field program-
mable gate array (FPGA)), or the like.
[0100] Note that programs may be directly incorporated in
processing circuitry instead that programs are stored in a
memory 5m. In this case, the processing circuitry reads pro-
grams incorporated in circuitry and executes the programs to
realize predetermined functions.
[0101] Each function (each component) in the present
embodiment is not necessary to be corresponded to a single
processing circuit and may be realized by a plurality of pro-
cessing circuits. To the contrary, for example, at least two
functions (at least two components) may be realized by a
single processing circuit. Further, a plurality of functions (a
plurality of components) may be realized by a single process-
ing circuit.
[0102] In addition, it is possible to form various types of
inventions by suitably combining a plurality of the compo-
nents disclosed in the above-described embodiment. For
example, some components may be removed from the entire
component illustrated in the embodiment. Further, compo-
nents may be suitably combined over different embodiments.
1. An ultrasonic diagnostic apparatus comprising;
reception signal acquisition circuitry configured to per-
form an ultrasonic scan a plurality of times having a
plurality of times of ultrasonic transmission and recep-
tion as a basic unit, and acquires a plurality of reception
signals respectively for a plurality of reception signals
allocated with respect to a predetermined region of a
subject;
power information acquisition circuitry configured to gen-
erate a plurality of first signals, which respectively cor-
respond to the plurality of reception rasters, by perform-
ing adding processing or low-pass filtering having one
time of the ultrasonic scan as a unit with respect to the
plurality of reception signals respectively acquired for
the plurality of reception rasters, and acquires power
information of a moving body in the predetermined
region based on a second signal to be obtained by per-
forming MTT filtering with respect to the plurality of first
signals;
velocity information acquisition circuitry configured to
acquire velocity information of the moving boy based on
a third signal obtained by performing the MTTI filtering
with respect to the plurality of reception signals respec-
tively acquired for the plurality of reception rasters; and
image generating circuitry configured to generate a Dop-
pler image corresponding to the predetermined region
based on the power information and the velocity infor-
mation.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein
the reception signal acquisition circuitry performs parallel
simultaneous transmission and reception by shifting a
transmission position by a reception raster for each
transmission for each frame.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein
the reception signal acquisition circuitry performs parallel
simultaneous transmission and reception by shifting
transmission positions by the plurality of reception ras-
ters having a plurality of times of transmission as a basic
unit for each frame.
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4. The ultrasonic diagnostic apparatus according to claim
1, wherein
the velocity information acquisition circuitry performs the
MTI filtering, as the MTT filter, by approximating clutter
with an eigenvalue and an eigenvector of a correlation
matrix or a covariance matrix with respect to an
unequally spaced data string and subtracting the clutter
from an original signal.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein
the velocity information acquisition circuitry performs the
MTI filtering, as the MT1 filter, by approximating clutter
with polynomial fitting with respect to an unequally
spaced data string and subtracting the clutter from an
original signal.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein
the velocity information acquisition circuitry estimates
velocity of the moving body in the predetermined region
using aninterval betweena pulse pair having a short data
interval among an output data string to which the MTI
filter is applied.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein
the power information acquisition circuitry performs the
MTI filtering, as the MT1 filter, by approximating clutter
with an eigenvalue and an eigenvector of a correlation
matrix or a covariance matrix and subtracting the clutter
from an original signal.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein
the reception signal acquisition circuitry alternately per-
forms a B-mode scan in relation to the predetermined
region and a color Doppler scan in relation to the prede-
termined region in each frame.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein
the reception signal acquisition circuitry alternately per-
forms a B-mode scan in relation to a part of the prede-
termined region and a color Doppler scan in relation to
the predetermined region in each frame, and implements
a B-mode scan in relation to the predetermined region
using data obtained by the B-mode scan over a plurality
of frames.
10. An ultrasonic image processing apparatus comprising:
a memory configured to store a plurality of reception sig-
nals which is obtained by performing an ultrasonic scan
a plurality of times having a plurality of times of ultra-
sonic transmission and reception as a basic unit, and
receiving the plurality of reception signals, respectively,
for a plurality of reception rasters allocated with respect
to a predetermined region of a subject;
power information acquisition circuitry configured to gen-
erate a plurality of first signals, which respectively cor-
respond to the plurality of reception rasters, by perform-
ing adding processing or low-pass filtering having one
time of the ultrasonic scan as a umt with respect to the
plurality of reception signals respectively acquired for
the plurality of reception rasters, and acquires power
information of a moving body in the predetermined
region based on a second signal to be obtained by per-
forming MT1 filtering with respect to the plurality of first
signals;
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velocity information acquisition circuitry configured to
acquire velocity information of the moving boy based on
a third signal obtained by performing the MTT filtering
with respect to the plurality of reception signals respec-
tively acquired for the plurality of reception rasters; and
image generating circuitry configured to generate a Dop-
pler image corresponding to the predetermined region
based on the power information and the velocity infor-
mation.
11. The ultrasonic image processing apparatus according
to claim 10, wherein
the plurality of reception signals are acquired by perform-
ing parallel simultaneous transmission and reception by
shifting a transmission position by a reception raster for
each transmission for each frame.
12. The ultrasonic image processing apparatus according
to claim 10, wherein
the plurality of reception signals are acquired by perform-
ing parallel simultaneous transmission and reception by
shifting transmission positions by the plurality of recep-
tion rasters having a plurality of times of transmission as
a basic unit for each frame.
13. The ultrasonic image processing apparatus according
to claim 10, wherein
the velocity information acquisition circuitry performs the
MTI filtering, as the MT1 filter, by approximating clutter
with an eigenvalue and an eigenvector of a correlation
matrix or a covariance matrix with respect to an
unequally spaced data string and subtracting the clutter
from an original signal.
14. The ultrasonic image processing apparatus according
to claim 10, wherein
the velocity information acquisition circuitry performs the
MTI filtering, as the MTT filter, by approximating clutter
with polynomial fitting with respect to an unequally
spaced data string and subtracting the clutter from an
original signal.
15. The ultrasonic image processing apparatus according
to claim 10, wherein
the velocity information acquisition circuitry estimates
velocity of the moving body in the predetermined region
using an interval betweena pulse pair having a short data
interval among an output data string to which the MTI
filter is applied.
16. The ultrasonic image processing apparatus according
to claim 10, wherein
the power information acquisition circuitry performs the
MTI filtering, as the MT1 filter, by approximating clutter
with an eigenvalue and an eigenvector of a correlation
matrix or a covariance matrix and subtracting the clutter
from an original signal.
17. The ultrasonic image processing apparatus according
to claim 10, wherein
the plurality of reception signals are acquired by alter-
nately performing a B-mode scan in relation to the pre-
determined region and a color Doppler scan inrelation to
the predetermined region in each frame.
18. The ultrasonic image processing apparatus according
to claim 10, wherein
the plurality of reception signals are data obtained by a
B-mode scan over a plurality of frames by alternately
performing a B-mode scan in relation to a part of the
predetermined region and a color Doppler scan in rela-
tion to the predetermined region in each frame.
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19. An ultrasonic diagnostic apparatus control method
comptising:

performing an ultrasonic scan a plurality of times having a
plurality of times of ultrasonic transmission and recep-
tion as a basic unit, and acquiring a plurality of reception
signals respectively for a plurality of reception signals
allocated with respect to a predetermined region of a
subject;

generating a plurality of first signals, which respectively
correspond to the plurality of reception rasters, by pet-
forming adding processing or low-pass filtering having
one time of the ultrasonic scan as a unit with respect to
the plurality of reception signals respectively acquired
for the plurality of reception rasters, and acquiring
power information of a moving body in the predeter-
mined region based on a second signal to be obtained by
performing MTTI filtering with respect to the plurality of
first signals;

acquiring velocity information of the moving boy based on
a third signal obtained by performing the MTI filtering
with respect to the plurality of reception signals respec-
tively acquired for the plurality of reception rasters; and

generating a Doppler image corresponding to the predeter-
mined region based on the power information and the
velocity information.
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