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ULTRASOUND DIAGNOSTIC DEVICE AND
ULTRASOUND IMAGE GENERATING
METHOD

BACKGROUND

1. Technological Field

[0001] The present invention relates to an ultrasound
diagnostic device and a method for generating ultrasound
images.

2. Description of the Related Art

[0002] Ultrasound diagnosis is performed to obtain car-
diac motions or fetal movements as ultrasound images by a
simple operation of applying an ultrasound probe on the skin
surface. Moreover, ultrasound diagnosis is safe enough to be
repeated. There have been known ultrasound diagnostic
devices used for ultrasound diagnosis which generate and
display ultrasound images.

[0003] There also have been known some ultrasound
diagnostic devices which generate and display C-mode
(color flow mode, color Doppler mode) images by sending
and receiving ultrasound to and from the subject, in which
blood flow of the subject is colored and displayed by the
Doppler method. FIG. 20 is a diagram showing the power-
frequency characteristics of packet data and a conventional
Moving Target Indication (MTI) filter.

[0004] In generating C-mode image data, obtained is the
power-frequency characteristics of a Doppler signal (packet
data) corresponding to a reception signal of ultrasound
reflected on the subject. The packet data then can be divided
into clutter components 201, blood flow components 202,
and noise components 203, as shown in FIG. 20. The clutter
components 201 are signal components of tissue movements
of the subject. The blood flow components 202 are signal
components of blood flow of the subject. The noise com-
ponents 203 are signal components of system noise (random
noise) specific to the device.

[0005] In the C-mode images, the clutter components 201
in the Doppler signal are removed by a MT1 filter 204 to
image the blood flow components. The MTI filter 204 is a
high-pass filter which removes clutter components and
extracts only Doppler shift components.

[0006] Recently, Hermitian transpose matrix has been
used for the MTI filter. For example, there have been known
ultrasound diagnostic devices using the MTI filter with
eigenvectors of a filter matrix, in which clutters are sup-
pressed by binary control of deciding a degree for the clutter
components (RankCut degree) based on the size of each
eigenvalue, removing the components for degrees lower
than the RankCut degree and passing the components for
degrees higher than the RankCut degree in the matrix
operation which approximates and reduces clutter compo-
nents as principal components after principal component
analysis (see Japanese Patent Application Laid Open Pub-
lication No. 2014-158698).

[0007] The ultrasound diagnostic device described in
Japanese Patent Application Laid Open Publication No.
2014-158698 decides an appropriate RankCut degree based
on the eigenvalue of principal components (eigenvector) for
each degree obtained by principal component analysis which
is performed to the set of packet data. The signal to noise
ratio (S/N) of the blood flow signal, however, cannot be
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maximized because the eigenvalue indicates nothing more
than how much information is retained by the principal
components and does not reflect the size of the clutters or the
blood flow signal contained in individual packet data to be
filtered by the MTT filter.

[0008] Therefore, its object is no more than avoiding a
false image in the displayed images by equalizing the output
sensitivity of filter by each region of the MTI filter. The
technique is applicable only to the MTI filter which per-
forms principal component analysis.

[0009] This means that appropriate images for blood flow
observation cannot be always obtained in the ultrasound
diagnosis device in Japanese Patent Application Laid Open
Publication No. 2014-158698, because of a deviation in
capacity of clutter removal or excessive removal of a blood
flow signal depending on the region of interest in the packet
data after the MTI filtering. It is also necessary for the
operator to handle the characteristics of the MTT filter to
obtain the optimized blood flow images.

SUMMARY

[0010] An object of the present invention is to optimize
the S/N of a blood flow signal by suitably modifying the
characteristics of MTT filtering to the packet data for the
C-mode image.

[0011] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, the
ultrasound diagnostic device reflecting one aspect of the
present invention comprises: a transmitter which outputs a
driving signal for a C-mode image to an ultrasound probe
sending and receiving ultrasound; a receiver which obtains
a reception signal from the ultrasound probe; and a control-
ler which: calculates an inner product value of packet data
of the reception signal and a first orthonormal basis for each
degree; sets a conversion function to convert the inner
product value into a removal rate to remove a clutter
component; converts the calculated inner product value into
the removal rate for each degree by using the set conversion
function; and generates image data from which a signal
component of the C-mode image is removed according to
the removal rate for each degree.

[0012] According to another aspect of the present inven-
tion, the ultrasound image generating method reflecting one
aspect of the present invention comprises: a transmission
step of outputting a driving signal for a C-mode image to an
ultrasound probe sending and receiving ultrasound; a recep-
tion step of obtaining a reception signal from the ultrasound
probe; an inner product value calculation step of calculating
an inner product value of packet data of the reception signal
and a first orthonormal basis for each degree; a conversion
function setting step of setting a conversion function to
convert the inner product value into a removal rate to
remove a clutter component; a removal rate calculating step
of converting the calculated inner product value into the
removal rate for each degree by using the set conversion
function; and a processing step of generating image data
from which a signal component of the C-mode image is
removed according to the removal rate for each degree.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
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and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0014] FIG. 1 is an outline block diagram showing the
structure of an ultrasound diagnostic device 1 in a first
embodiment of the present invention;

[0015] FIG. 2 is a block diagram showing the functional
structure of a first C-mode image generating section;
[0016] FIG. 3 is a block diagram showing the functional
structure of a first MTI filter;

[0017] FIG. 4 is a diagram showing the relation of input
and output of an MTT filter;

[0018] FIG. 5 is a diagram showing a filter matrix using
orthonormal basis;

[0019] FIG. 6 is a graph showing the distribution of an
inner product value against degree of orthonormal basis;
[0020] FIG. 7A s a graph showing the inner product value
against degree in a noise region;

[0021] FIG. 7B is a graph showing the inner product value
against degree in a clutter region;

[0022] FIG. 7C is a graph showing the inner product value
against degree in a high-flow region;

[0023] FIG. 7D is a graph showing the inner product value
against degree in a middle-flow region;

[0024] FIG. 8Ais a graph showing the inner product value
against degree of a sampling point in the clutter region in a
C-mode image with a first threshold value and a second
threshold value;

[0025] FIG. 8B is a graph showing the gain of a first
removal rate conversion function against inner product value
independent of degree;

[0026] FIG. 8C is a graph showing a removal rate against
degree when a first removal rate conversion function is used,
[0027] FIG. 9A is a graph showing the gain of the first
removal rate conversion function which is a step function to
the inner product value;

[0028] FIG. 9B is a graph showing the gain of the first
removal rate conversion function which is a sigmoid func-
tion to the inner product value;

[0029] FIG. 10 is a graph showing the gain of the first
removal rate conversion function against inner product value
different for each degree;

[0030] FIG. 11 is a flow chart showing the process of first
MTI filtering;
[0031] FIG. 12 is a block diagram showing the functional

structure of a second MTI filter;

[0032] FIG. 13A is a graph showing inner product differ-
ence values against degree in the clutter region, the middle
flow region and the high flow region;,

[0033] FIG. 13B is a graph showing the gain for each
degree of the second removal rate conversion function
against inner product difference value;

[0034] FIG. 13C is a graph showing removal rates against
degree when the second removal rate conversion function is
used;

[0035] FIG. 14 is a flow chart showing the process of
second MTI filtering;

[0036] FIG. 15 is a block diagram showing the functional
structure of a third MTI filter;

[0037] FIG. 16 is a flow chart showing the process of third
MTI filtering;
[0038] FIG. 17 is a block diagram showing the functional

structure of a second C-mode image generating section;
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[0039] FIG. 18 is a block diagram showing the functional
structure of a combination ratio setting section;

[0040] FIG. 19 is a flow chart showing the process of
calculating the combination ratio; and

[0041] FIG. 20 is a diagram showing the power-frequency
characteristics of packet data and a conventional MTT filter.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Hereinafter one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0043] A first embodiment, first and second modification
examples and a second embodiment of the present invention
are described in detail with reference to the drawings.

First Embodiment

[0044] The first embodiment of the present invention is
described hereinafter with reference to FIGS. 1 to 11. First,
the device structure of the present embodiment is explained
with reference to FIGS. 1 to 3. FIG. 1 is an outline block
diagram showing the structure of an ultrasound diagnostic
device 1 in the present embodiment. FIG. 2 is a block
diagram showing the functional structure of a C-mode image
generating section 7. FIG. 3 is a block diagram showing the
functional structure of an MTI filter 73.

[0045] The ultrasound diagnostic device 1 in FIG. 1 is a
device which is installed in medical facilities such as hos-
pitals and generates ultrasound images of the subject such as
the body of patient to be examined. An ultrasound probe 101
is connected to an ultrasound diagnostic device body 100 of
the ultrasound diagnostic device 1.

[0046] The ultrasound diagnostic device body 100 incor-
porates an operating section 2, a transmitter 3, a receiver 4,
a B (Brightness) mode image generating section 5, an ROI
setting section 6, a C-mode image generating section 7, a
display processing section 8 as a processing section, a
control section 9, a scanning control section 10, a storage 11
and a display 12.

[0047] The ultrasound probe 101 has a plurality of oscil-
lators (piezoelectric conversion elements) 101a arrayed one-
dimensionally. The oscillators 101a respectively convert a
driving signal (transmission electrical signal) from the trans-
mitter 3 described later into ultrasound and generates an
ultrasound beam. Accordingly, the operator can adapt an
ultrasound beam to the inside of the subject to be examined
by applying the ultrasound probe 101 to the surface of the
subject. The ultrasound probe 101 receives the reflected
ultrasound from the inside of the examination subject,
converts the reflected ultrasound into a reception electrical
signal with the oscillators 101a, and provides it to the
receiver 4 described later.

[0048] Inthe present embodiment, a linear type ultrasound
probe 101 with the oscillators 1014 arrayed one-dimension-
ally s described. However, the description does not limit the
configuration of the ultrasound probe 101. For example, a
convex-type or sector-type ultrasound probe 101 with a
plurality of oscillators 1014 arrayed one-dimensionally, an
ultrasound probe 101 with a plurality of oscillators 101a
arrayed two-dimensionally, or an ultrasound probe 101 with
a plurality of fluctuant oscillators 101a arrayed one-dimen-
sionally may be used. The transmitter 3 can control under the
control of the scanning control section 10 (the control
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section 9) the point and direction to adapt an ultrasound
beam which the ultrasound probe 101 emits, by selecting the
oscillators 101a of the ultrasound probe 101 to use and
respectively modifying the timing and the value of voltage
to impress to the oscillators 101a.

[0049] The ultrasound probe 101 may incorporate some of
the functions of the transmitter 3 and the receiver 4
described later. For example, the ultrasound probe 101 may
generate a driving signal inside the ultrasound probe 101
itself based on a control signal (hereinafter referred to as a
transmission control signal) for generating a driving signal
output from the transmitter 3, convert the driving signal into
ultrasound with the oscillators 101a as well as reflected
ultrasound into a reception electrical signal, and generate the
reception signal described later inside the ultrasound probe
101 itself based on the reception electrical signal.

[0050] In general, the ultrasound probe 101 is connected
electrically to the ultrasound diagnostic device body 100 via
a cable, though not limited. For example, the ultrasound
probe 101 may send and receive a transmission signal and a
reception signal to and from the ultrasound diagnostic
device body 100 via wireless communication. In such cases,
however, it is needless to say that the ultrasound diagnostic
device body 100 and the ultrasound probe 101 must have a
communication section which allows wireless communica-
tion.

[0051] The operating section 2 receives an input from the
operator and outputs a command according to the input of
the operator to the ultrasound diagnostic device 1, precisely
to the control section 9. The operating section 2 has a
function which allows the operator to select from two
modes: one to display only the B-mode image which
expresses the amplitude of the reflected ultrasound by
brightness (hereinafter referred to as B-mode), and another
to display the C-mode (color flow mode) image superim-
posed on the B-mode image (hereinafter referred to as
C-mode). And the operating section 2 has a function which
accepts an input of ROI placement assignment by the
operator for displaying the C-mode image on the B-mode
image. The C-mode image is displayed in the following
modes: V mode where the velocity and the direction of
blood flow are displayed in color by the blood flow velocity
V as a blood flow signal to show the blood flow status, P
mode whetre the power of blood flow is displayed in color by
the blood flow power P as a blood flow signal, and V-T mode
where the velocity and the variance of blood flow are
displayed in color by the blood flow velocity V and the blood
flow variance T as a blood flow signal. When the operating
section 2 accepts an input of C-mode from the operator, it
also accepts an input of the mode for displaying. The modes
for displaying the C-mode image may include T (variance)
mode or dP (power with direction) mode. As described
above, C-mode has color Doppler mode (represented by
V-mode and V-T mode) and power Doppler mode (repre-
sented by P mode).

[0052] The transmitter 3 operates a transmission process,
in which at least a driving signal is generated and the
ultrasound probe 101 emits an ultrasound beam. For
example, the oscillators 101a of the ultrasound probe 101
are driven as the transmitter 3 operates a transmission
process of generating a transmission signal for the ultra-
sound probe 101 with the oscillators 101e to emit an
ultrasound beam and providing the ultrasound probe 101
with a high-voltage transmission electrical signal (driving
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signal) which is generated at predetermined timings to the
ultrasound probe 101 on the basis of the transmission signal.
This is how the ultrasound probe 101 can emit an ultrasound
beam to the subject by converting a transmission electrical
signal into ultrasound.

[0053] When C-mode is on, the transmitter 3 operates a
transmission process to display the C-mode image in addi-
tion to a transmission process to display the B-mode image
under the control of the scanning control section 10. For
example, after the electrical transmission signal to display
the B-mode image is provided, the driving signal to display
the C-mode image is provided to all directions (all lines) of
ROI set by the ROI setting section 6 for n times (dozen
times, for example, n=15) by each direction (each linear).
The transmitter 3 sets additional information of the trans-
mission process for the B-mode or C-mode image and
provides the additional information to the receiver 4 in the
transmission process.

[0054] The receiver 4 operates a reception process to
generate a reception signal as an electrical RF (Radio
Frequency) based on the reflected ultrasound under the
control of the control section 9. The receiver 4 receives the
reflected ultrasound with the ultrasound probe 101, and
generates a reception signal (sound ray data) by A/D con-
version and phasing addition by amplifying the reception
electrical signal converted based on the reflected ultrasound.
[0055] The receiver 4, for example, obtains the additional
information from the transmitter 3. Then when the obtained
additional information is for the B-mode image, it is pro-
vided to the B-mode image generating section 5, and when
the obtained additional information is for the C-mode image,
it is provided to the C-mode image generating section 7.
Hereinafter the reception signal for generating the B-mode
image is referred to as “the B-mode reception signal,” and
the reception signal for generating the C-mode image as “the
C-mode reception signal”.

[0056] In the present embodiment, the receiver 4 provides
a reception signal concerning a generated image frame to
each block after sorting whether the reception signal is for
the B-mode image or the C-mode image. However, it is not
limited to this configuration. For example, the reception
signal concerning the generated image frame may be sorted
respectively in the B-mode image generating section 5 or the
C-mode image generating section 7.

[0057] The B-mode image generating section 5, under the
control of the control section 9, generates B-mode image
data, and outputs it to the display processing section 8, in
which the brightness conversion is executed by adjusting the
dynamic range and the gain with envelope detection, loga-
rithmic compression and so forth to the B-mode reception
signal which is input from the receiver 4.

[0058] The C-mode image generating section 7, under the
control of the control section 9, generates C-mode image
data, and outputs it to the display processing section 8,
according to the C-mode reception signal which is input
from the receiver 4. The C-mode image generating section
7 is explained hereinafter with reference to FIG. 2. As shown
in FIG. 2, the C-mode image generating section 7 has a
quadrature detection circuit 71, a corner-turn control section
72, an MTI filter 73, a correlation calculating section 74, a
data converting section 75, a noise removal spatial filtering
section 76, an inter-frame filter 77, and a C-mode image
converting section 78 as a C-mode image generating section.
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[0059] The quadrature detection circuit 71 obtains (com-
plex) Doppler signals I and Q by calculating the phase
difference between a reference signal and the C-mode recep-
tion signal obtained by quadrature detection of the C-mode
reception signal input from the receiver 4, under the control
of the control section 9.

[0060] The corner-turn control section 72 stores the Dop-
pler signals 1 and Q input from the quadrature detection
circuit 71 in a memory (not shown in the drawings) after
arranging them by each identical sound line in the depth
direction from the ultrasound probe 101 to the subject and in
the ensemble direction for continuation of n times of sending
and receiving of ultrasound, and then reads out the Doppler
signals I and Q for each unit depth in the ensemble direction,
under the control of the control section 9.

[0061] The reception signal (Doppler signals I and Q)
includes unnecessary information on blood vessel wall,
tissues and so forth (clutter components), in addition to the
signal components of blood flow necessary for generating
the C-mode image. The MTT filter 73 removes the clutter
components by filtering the Doppler signals I and Q input
from the corner-turn control section 72, under the control of
the control section 9.

[0062] The internal structure of the MTI filter 73 is
explained hereinafter with reference to FIG. 3. As shown in
FIG. 3, the MTI filter 73 has an inner product value
calculating section 731 as an inner product value obtaining
section, an orthogonal basis storage 732, an evaluation
criteria data storage 733, a conversion function setting
section 734, a removal rate calculating section 735 as a
removal rate obtaining section, and a filtering section 736.
[0063] The MTI filter 73 is an MTI filter using orthonor-
mal basis. The orthonormal bases are eigenvectors obtained
by orthogonal polynomials or principal component analyses,
for example. An example of the orthogonal polynomials is
Legendre polynomials.

[0064] Hereinafter described is the computation of inner
product value using orthonormal basis with reference to
FIGS. 4 to 6. FIG. 4 is a diagram showing the relation of
input and output of the MTI filter. FIG. 5 is a diagram
showing the filter matrix using orthonormal basis. FIG. 6 is
a graph showing the distribution of inner product value P
against degree k of orthonormal basis.

[0065] The packet data Sp is defined by the complex
number with a repetition of n consisting of the Doppler
signals T and Q output from the corner-turn control section
72. The packet data Sp is denoted by n pieces of the input
data, xo, X, . . . , X,._,. where Xq, Xy, . . ., X,,_; are ordered
chronologically, in ascending or descending order by time of
generation.

[0066] As shown in FIG. 4, the input and output of the
MTI filter that is a linear filter which does not have inter-
modulation between a clutter signal and a blood flow signal
is expressed by the following formula (1).

y=AX M

[0067] y: the output vector defined by the packet data (y,,
Vi, ..., ¥, ) output from the MTT filter

[0068] A: the filter matrix (nxn)

[0069] x: the input vector defined by the input data x,, X,
s X

[0070] As shown in FIG. 5, the filter matrix A of the MTI

filter using orthonormal basis is denoted by the filter matrix
A, in the following formula (2).
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[0071] b: the orthonormal basis (nxn matrix)
[0072] G: the gain matrix (nxn matrix)

[0073] b™: the orthonormal basis (nxn matrix), the Her-
mitian transpose of b

[0074] The orthonormal bases b and b” are eigenvectors
obtained by various orthogonal polynomials or principal
component analyses, for example. In the orthonormal basis
b, degree increases in increments of column number. In the
orthonormal basis b”, degree increases in increments of row
number. When eigenvectors obtained by principal compo-
nent analysis as orthonormal bases are employed, the eigen-
vector with the largest eigenvalue is defined as 0 degree and
the eigenvalue is ordered in a descending order as degree
increments.

[0075] The input and output of the MTI filter 73 is given
by the following formula (3), using decomposition to ortho-
normal basis of the formula (2).

SPuried = (I = bRVTYSp @3
=Sp—bRPr (3A)
[0076] Sp,rr.. the output packet data of the M1 filter 73

(SParzzed1Yor Y15 - -+ Yur])

[0077] Sp: the input packet data of the MTI filter 73
(Sp=IXo: Xpo - -+ s X4l

[0078] . the identity matrix

[0079] b: the orthonormal basis (orthonormal vector) in n
dimensions (b=[by, by, ..., b, ]

[0080] b“: the orthonormal basis (orthonormal vector) in
n dimensions which is the Hermitian transpose of b
(b"=[b", b,", ..., b, "]

[0081] b,# b, the vectors

[0082] R: the removal rate (diagonal matrix, R=[R,, R, .

Rn—l]

[0083] R,: the removal rate for vector in k-th dimension)

[0084] Pr: the inner product value of b¥ and Sp

[0085] where bb=I

[0086] (I-bRb7) in the formula (3) corresponds to the

filter matrix A. The formula (3) can be expressed by the

following formula (4), when the degree k=0, 1, . . .. n-1.
n=xby Ry b Sp )

[0087] As shown in FIG. 6, the correlation between the

inner product value [Prl (the absolute value of the inner
product Pr) and degree k of the orthonormal basis b is
obtained. The inner product value |Prl stands for the inten-
sity of components for each degree of the orthonormal basis,
like the intensity obtained by Fourier series expansion. In a
case where the orthonormal basis b is an orthogonal poly-
nomial, the inner product value IPrl can be considered
almost equal to the frequency characteristics, as higher
frequency components appear for a larger degree k.

[0088] The tendency of the inner product Pr for each
degree is described hereinafter with reference to FIGS. 7A
to 7D. FIG. 7A is a graph showing the inner product value
IPrl against degree in the noise region. FIG. 7B is a graph
showing the inner product value [Prl against degree in the
clutter region. FIG. 7C is a graph showing the inner product
value |Pr| against degree in the high-flow region. FIG. 7D is
a graph showing the inner product value |Prl against degree
in the middle-flow region.
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[0089] Shown in FIG. 7A is the inner product value IPr|
against degree of sampling points in the noise region of
system noise (random noise) which appears in a part deep
inside the object in the C-mode image. The inner product
value [Prl for 0 degree (where degree is 0) is smaller in the
noise region than in other regions. Shown in FIG. 7B is the
inner product value |Prl against degree of each sampling
point in the clutter region which corresponds to the tissue
part in the C-mode image. The inner product value |Pr| for
0 degree is larger in the clutter region than in the noise
region.

[0090] Shown in FIG. 7C is the inner product value IPrl
against degree of sampling points in the high-flow region
which has abundant blood flow (where blood flow is fast) in
the C-mode image. The inner product value [Prl for middle
to high degrees is larger in the high-flow region than in other
regions. Shown in FIG. 7D is the inner product value [Prl
against degree of sampling points in the middle-flow region
which has weaker blood flow (where blood flow is slow)
than the high-flow region in the C-mode image. The inner
product value IPrl for middle to high degrees is a bit larger
in the middle-flow region than in the noise and clutter
regions.

[0091] An object of the MTI filter 73 is to remove signals
in the clutter region (and the noise region). To that end, the
removal rate Rf for each degree is determined, defining the
solid lines in FIGS. 7A to 7D as threshold values, for
example.

[0092] Next, the calculation of the removal rate is
described with reference to FIGS. 8A to 10. FIG. 8A is a
graph showing the inner product value |Pr| against degree of
sampling points in the clutter region in the C-mode image
with a threshold value THI1 and a second threshold values
TH2 and T2a. FIG. 8B is a graph showing the gain of a first
removal rate conversion function f against inner product
value |Prl independent of degree. FIG. 8C is a graph
showing the removal rate Rf against degree when the
removal rate conversion function f is used. FIG. 9A is a
graph showing the gain of the removal rate conversion
function f which is a step function to the inner product value
[Prl. FIG. 9B is a graph showing the gain of the removal rate
conversion function f which is a sigmoid function to the
inner product value [Prl. FIG. 10 is a graph showing the gain
of the removal rate conversion function f against inner
product value |Pr| different for each degree.

[0093] As shown in FIG. 8A, when the inner product value
[Prl for each degree in the clutter region is obtained, the first
threshold value TH1 and the second threshold value TH2 as
evaluation criteria data are set. The first threshold value TH1
is a threshold value for determining the inner product value
[Prl for O degree in the noise region. Accordingly, the
sampling points whose inner product value [Pr| for 0 degree
is equal to or lower than the first threshold value TH1 are
assumed to be the noise region and are to be removed for all
degrees.

[0094] The second threshold value TH2 is a threshold
value for determining the inner product value [Prl in the
clutter region.

[0095] Accordingly, degree for which the inner product
value IPrl is equal to or less than the second threshold value
TH2 is assumed to be the clutter region and removed. The
removal rate conversion function f of the gain against inner
product value [Prl shown in FIG. 8B is determined corre-
sponding to the second threshold value TH2. The gain of the
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removal rate conversion function f is determined in a range
from 0 to 1. When the gain of the removal rate conversion
function =0, the removal rate is 0%, and when the gain of
the removal rate conversion function =1, the removal rate
is 100%.

[0096] The removal rate conversion function f may be a
step function as shown in FIG. 9A or a sigmoid function as
shown in FIG. 9B. A monotone decreasing function is
desirable for the removal rate conversion function f, where
the removal rate can be set higher as the inner product value
Pr is smaller.

[0097] The removal rate Rf against degree shown in FIG.
8C is calculated by converting the inner product value P
of the sampling points in FIG. 8A with the removal rate
conversion function fin FIG. 8B. The sampling points whose
inner product value IPrl for 0 degree is equal to or lower than
the first threshold value TH1, the removal rate for all degrees
is set to 1.

[0098] As shown in FIG. 8A, instead of the second thresh-
old value TH2 which is constant and common to all degrees,
the second threshold value TH2a which varies by degree
may be set. The removal rate conversion function f of the
gain against the inner product value |Prl for each degree
shown in FIG. 10 is determined corresponding to the second
threshold value TH2a. The removal rate conversion function
fin FIG. 10 varies from low degrees to high degrees.

[0099] Returning to FIG. 3, the inner product value cal-
culating section 731 reads out the orthonormal basis b” from
the orthogonal basis storage 732 under the control of the
control section 9, and calculates the inner product value Pr
for each degree k (k=0, 1, . . ., n-1) of each sampling point
(pixel) in one frame by the formula (3A) using the packet
data Sp (Doppler signals I and Q) input from the corner-turn
control section 72 and the orthonormal basis b The
orthogonal basis storage 732 is a storage which stores the
orthonormal bases b and b¥ which are predetermined.

[0100] The evaluation criteria data storage 733 is a storage
which stores the first threshold value and the removal rate
conversion function f based on the second threshold value
which are predetermined as the evaluation criteria data. The
evaluation criteria data storage 733 may be configured to
suitably modify the data to be stored according to the input
by the operator via the control section 2.

[0101] The conversion function setting section 734 reads
out the first threshold value and the removal rate conversion
function f based on the second threshold value from the
evaluation criteria data storage 733 under the control of the
control section 9, and generates the removal rate conversion
fanction f to convert the removal rate into 1 for all degrees
when the inner product value [Pr| (the absolute value of the
inner product Pr) input from the inner product value calcu-
lating section 731 for 0 degree is equal to or lower than the
first threshold value. The conversion function setting section
734 sets the removal rate conversion function f read out
when the inner product value IPrl for 0 degree is higher than
the first threshold value.

[0102] The removal rate calculating section 735 calculates
the removal rate Rf for each degree by converting the inner
product value [Prl input from the inner product value cal-
culating section 731 by the removal rate function f input
from the conversion function setting section 734, under the
control of the control section 9.
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[0103] The filtering section 736 reads out the orthonormal
basis b from the orthogonal basis storage 732 under the
control of the control section 9, and calculates the packet
data Sp, 7., by the formula (3), using the orthonormal basis
b read out, the removal rate Rfinput from the removal rate
calculating section 735, and the inner product value Pr input
from the inner product value calculating section 731. The
filtering section 736 separates the packet data Sp, ., as a
complex Doppler signal to Doppler signals 1 and Q, and
outputs them to the correlation calculating section 74.

[0104] Returning to FIG. 2, the correlation calculating
section 74 calculates the real part D and the imaginary part
N of the average value S of the autocorrelation of the
Doppler signal (the average value of phase difference vec-
tor) by the following formula (5) from the Doppler signals
I and Q (a complex Doppler signal z) filtered by the MTI
filter 73, under the control of the control section 9.

[Mathematical Formula 1]

n—

8]

$=) g =D+ N

1
k=0

[0105] The data converting section 75 calculates the blood
flow velocity V, the power P, and the variance T from the
Doppler signals I and Q filtered by the MT1 filter 73, and the
real part D and the imaginary part N of the average value S
of the autocorrelation of the Doppler signal, under the
control of the control section 9. To be more concrete, the
data converting section 75 calculates the blood flow velocity
V from the real part D and the imaginary part N of the
average value S of the autocorrelation of the Doppler signal
by the following formula (6).

[Mathematical Formula 2]

[0106] The data converting section 75 calculates the
power P as the average value of the intensity of the Doppler
signal from the Doppler signals T and Q (the complex
Doppler signal z) by the following formula (7).

[Mathematical Formula 3]

ln—l
P=- |2
-l

k=0

M

[0107] The data converting section 75 also calculates the
variance T as the ratio of the magnitude of phase difference
vector and the power (subtracted from 1 to switch magni-
tude) from the Doppler signals 1 and Q (the complex
Doppler signal z) by the following formula (8).
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[0108] The noise removal spatial filter section 76 filters

the power P, the blood flow velocity V and the variance T
calculated by the data converting section 75. The noise
removal spatial filter section 76 has a key hole filter and a
spatial filter (not shown in the drawings).

[0109] The key hole filter removes noise by filtering the
power P, the blood flow velocity V and the variance T which
are the parameters of each frame of the C-mode image. In
V-mode and V-T mode, the key hole filter filters the blood
flow velocity V by removing the blood flow velocity V in the
region to be removed decided by the blood flow velocity V
and the power P calculated by the data converting section 75.
In V mode and V-T mode, the blood flow velocity V is used
for the image displaying (coloring). In P mode, the key hole
filter filters the power P by removing the power P in the
region to be removed decided by the blood flow velocity V
and the power P calculated by the data converting section 75.
In P mode, the power P is used for image displaying
(coloring).

[0110] To be more concrete, in V mode and V-T mode, the
key hole filter regards the blood flow signal in the region
where the blood flow velocity V is lower than a predeter-
mined threshold value as a clutter noise and the blood flow
signal where the power P is lower than a predetermined
threshold value as a background noise, and removes the
velocity V in these regions. In P mode, the key hole filter
regards the blood flow signal in the region where the blood
flow velocity V is lower than a predetermined threshold
value as a clutter noise and the blood flow signal where the
power P is lower than a predetermined threshold value as a
background noise, and remove the power P in these regions.
[0111] The spatial filter is a two-dimensional weighted
average filter for smoothing the data of the blood flow
velocity V, the power P, and the variance T which are
parameters of each frame of the C-mode image. In V mode
and V-T mode, the spatial filter filters the blood flow velocity
V filtered by the key hole filter and the variance T calculated
by the data converting section 75. In P mode, the spatial filter
filters the power P filtered by the key hole filter.

[0112] The inter-frame filter 77 filters to smooth the
unevenness between frames and keeps a residual image in
the blood flow components in each frame which are the
parameters of the C-mode image among the blood flow
velocity V, the power P, and the variance T filtered by the
noise removal spatial filter section 76, corresponding to a
display mode input from the operating section 2.

[0113] The C-mode image converting section 78 generates
the C-mode image data by converting the blood flow veloc-
ity V, the power P and the variance T filtered by the
inter-frame filter 77.

[0114] Returning to FIG. 1, the display processing section
8 executes a process to construct display image data to be
displayed on the display 12 and display the display image
data on the display 12. Especially when the B-mode is
selected, it executes a process where the B-mode image of
the B-mode image data generated in the B-mode image
generating section 5 gets included in the display image data
as an ultrasound image. When the C-mode is selected, it
executes a process of generating the combined image data,
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as an ultrasound image, in which the C-mode image of
C-mode image data generated in C-mode image generating
section 7 is superimposed at the point of ROI selected in the
B-mode image generated in the B-mode image generating
section 5 and including it in the display image data.
[0115] The control section 9, for example, is configured by
including a central processing unit (CPU), a read only
memory (ROM), and a random access memory (RAM),
reads out and expands to the RAM a variety of processing
programs such as a system program stored in the ROM, and
controls the operation of each part of the ultrasound diag-
nostic device 1 according to the program expanded. The
RAM forms a work area which temporally stores the pro-
grams executed by the CPU and the data concerned. The
ROM includes a nonvolatile memory, such as a semicon-
ductor and so forth, and stores the system program of the
ultrasound diagnostic device 1, other processing programs
such as an initial setting program and an ultrasound diag-
nosis program which can be executed in the system program
and various data. These programs are stored in a form of
program codes which can be read by the computer and the
CPU executes successively the operations according to the
program codes concerned.

[0116] The storage 11 incorporates large capacity storage
media such as a hard disk drive (HDD) and stores the
ultrasound image data (B-mode image data, C-mode image
data, combined image data) and so forth.

[0117] The display 12 is what is called a monitor such as
a liquid crystal display (LCD), an electroluminescence (EL)
display to display the image data output from the display
processing section 8.

[0118] Partorall of any of the functions in each functional
block of the elements incorporated to the ultrasound diag-
nostic device 1 can be effectuated as a hardware circuit like
an integrated circuit. An integrated circuit is an LSI (large-
scale integration), for example. The LSI is classified as
system LSI, super LSI (super-large-scale integration), ULSI
(ultra-large-scale integration), or just IC (integrated circuit),
according to degree of integration. The method of integrated
circuit formation is not limited to LSI, but may be realized
by a dedicated circuit or a general-purpose processor, and a
field programmable gate array (FPGA) or a reconfigurable
processor which allows reconfigurations of connection and
setting of circuit cells inside LSI. Part or all of any of the
functions in each functional block of the elements incorpo-
rated to the ultrasound diagnostic device 1 can be effectuated
by software. In this case, the software is installed in one or
more of storage media such as ROMs, optical discs or hard
disks and is executed by an operation processor.

[0119] Next, the MTI filter 73 of the ultrasound diagnostic
device 1 in the present embodiment is described with
reference to FIG. 11. FIG. 11 is a flow chart showing the
process of the first MTI filtering.

[0120] The MTI filter 73 executes the process of the first
MTT filtering with each section of the MTT filter 73 under the
control of the control section 9. The explanation on the
control by the control section 9 is omitted.

[0121] In the process of the first MTI filtering, the inner
product value calculating section 731 first obtains the packet
data Sp (xc, yc, 1) from the corner-turn control section 72
(step S31), as shown in FIG. 11. Here xc and yc of (xc, yX,
1) denote the spatial location (two dimensional coordinates)
in one frame in the C-mode image, and i denotes the degree
(0,1, ..., n-1) of the orthonormal basis b.
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[0122] The inner product value calculating section 731
reads out the orthonormal basis b¥ from the orthogonal basis
storage 732 and calculates the inner product value Pr (xc, yc,
1) of the degree i by the formula (3A) using the packet data
Sp (xc, yc, 1) obtained in the step S11 and the orthonormal
basis b (Step S12). In the step S12, the inner product value
Pr (xc, yc, i) for every degree i is calculated, for example.

[0123] The conversion function setting section 734 then
reads out the removal rate conversion function f (Pr, i) based
on the first and second threshold values as the evaluation
criteria data from the evaluation criteria data storage 733
(Step S13). As to the inner product value |Pr (xc, ye. i)l
calculated in the step S12, the conversion function setting
section 734 sets the removal rate conversion function f (Pr,
1) to fix the removal rates for all degrees to 1 when the inner
product value |Pr (xc, yc, 1)l for 0 degree is equal to or lower
than the first threshold value, and sets the removal rate
conversion function f (Pr, 1) read out in the step S13, when
the inner product value |Prl is higher than the first threshold
value (Step S14).

[0124] The removal rate calculating section 735 calculates
the removal rate Rf (xc, yc, 1) for each degree by converting
the inner product value Pr (xc, yc, 1) calculated in the step
S12 using the removal rate conversion function f (Pr, 1) set
in the step S14 (Step 15).

[0125] The filtering section 736 multiplies the inner prod-
uct value Pr (xc, yc, 1) calculated in the step S12 by the
removal rate Rf (xc, ye, i) calculated in the step S15 (Step
S16). And the filtering section 736 reads out the orthonormal
basis b from the orthogonal basis storage 732 and calculates
the removal data (term obtained by removing I from the right
side of the formula (3) and inverting sign) using the inner
product value Pr (xc, yc, 1) multiplied by the removal rate Rf
(xc, ye, i) in the step S16 and the orthonormal basis b read
out (Step S17). Next, the filtering section 736 calculates the
packet data Sp,.; (¢, yc) in the formula (3) by subtracting
the removal data calculated in the step S17 from the packet
data Sp (xc, yc, i) obtained in the step S11, separates the
packet data Sp, ., (Xc, yc) to Doppler signals 1 and Q,
outputs them to the correlation calculating section 74 (Step
S18) and ends the process of the first MTI filtering. The
process of the first MTI filtering of one frame in the C-mode
image is repeatedly applied to every sampling point of
spatial location in the frame.

[0126] In accordance with the present embodiment
described hereinbefore, an ultrasound diagnostic device 1
has a transmitter 3 which outputs a driving signal for the
C-mode image to a ultrasound probe 101 sending and
receiving ultrasound, a receiver 4 which obtains a reception
signal from the ultrasound probe 101, an inner product value
calculating section 731 which calculates an inner product
value Pr for each degree of packet data of the reception
signal and an orthonormal basis b¥, a conversion function
setting section 734 which sets a removal rate conversion
function f to convert the inner product value Pr into a
removal rate Rf to remove clutter components, a removal
rate calculating section 735 which converts the calculated
inner product value Pr into a removal rate Rf for each degree
by using the set removal rate conversion function f, and a
display processing section 8 which generates a combined
image data from which signal components of the C-mode
image are removed according to the removal rate Rf for each
degree.
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[0127] The inner product value indicates the approximate
characteristics of blood flow, clutter, and noise in the packet
data. The magnitude of the inner product corresponds to the
intensity (power) of the orthonormal basis components. The
clutter has a high power and a low velocity and the blood
flow has a low power and a high velocity. Therefore, the
inner product value is useful as information for evaluation.
It can optimize S/N, as the characteristics of the MTI
filtering for the packet data can be suitably modified. The
blurring caused by smoothing can be reduced as the noise
removal intensity is adjusted according to the possibility of
noise (removal rate).

[0128] Further, the system noise (random noise) can be
effectively removed as well as the clutter by using the inner
product value.

[0129] The conversion function setting section 734 sets
the removal rate conversion function f to convert the
removal rate for all degrees into 1 when the inner product
value Pr for 0 degree calculated is equal to or lower than the
predetermined first threshold value. Thus, the system noise
can be removed more effectively.

[0130] The display processing section 8 displays the com-
bined image data from which the signal components of the
C-mode image are removed according to the removal rate Rf
for each degree on the display 12. Thus the examiner can
observe the C-mode image whose S/N of the blood flow
signal is optimized.

[0131] The ultrasound diagnostic device 1 has a filtering
section 736 to calculate the filtered packet data, in which the
calculated inner product value Pr for each degree is multi-
plied by the removal rate Rf for each degree, the inner
product value Pr multiplied by the removal rate Rf for each
degree is multiplied by the orthonormal basis b (Hermitian
transposed matrix of the orthonormal basis b”), and the
value multiplied by the orthonormal basis b is subtracted
from the packet data, and a C-mode image converting
section 78 to generate C-mode image data from the filtered
packet data. The display processing section 8 displays the
C-mode image of the C-mode image data after the filtering
on the display 12. This makes it possible to obtain easily and
accurately the packet data obtained by removing the signal
components of C-mode image from the original packet data
according to the removal rate.

[0132] The removal rate Rf for each degree ranges from 0
to 1. Because of this, in comparison to the conventional art
in which RankCut components are valued either O or 1, the
stability improves as the removal rate ranging from 0 to 1
reflects ambiguities of the data.

FIRST MODIFICATION EXAMPLE

[0133] The first modification example of the first embodi-
ment described above is described with reference to FIGS.
12 to 14. First, the device structure of the present modifi-
cation example is described with reference to FIGS. 12 to
13C. FIG. 12 is a block diagram showing the functional
structure of the MTI filter 73A.

[0134] The ultrasound diagnostic device 1 in the first
embodiment described above is used as the device structure
of the present modification example. However, the MTI
filter 73 is substituted by the MTTI filter 73A shown in FIG.
12. The explanation is, therefore, focused on the elements
different from the first embodiment. The same elements
share the numbering in the drawings, and their descriptions
are omitted.
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[0135] As shown in FIG. 12, the MTI filter 73A has an
inner product value calculating section 731, an orthogonal
basis storage 732, an inner product difference value calcu-
lating section 737 as an inner product difference value
obtaining section, an evaluation criteria data storage 733A,
a conversion function setting section 734A, a removal rate
calculating section 735A as a removal rate obtaining section
and a filtering section 736.

[0136] The inner product value calculating section 731
calculates the inner product value Pr for each degree k (k=0,
1, ..., n-1) of each sampling point in one frame of the
C-mode image, but the inner product value Pr in the one
frame concerned is calculated, for example.

[0137] The inner product difference value calculating sec-
tion 737 calculates an inner product difference value dPr of
each sampling point in one frame by the following formula
(9) using the inner product value Pr for one frame input from
the inner product value calculating section 731 under the
control of the control section 9.

dPr=Pr of a center point—(the average of inner

product values in the surrounding region) 9
[0138] center point: sampling point (1 pixel)
[0139] surrounding region: 8 pixels surrounding the center

point The surrounding region is not limited to this speci-
fication and it can be set as a region of actual size
(*mmx*mm) surrounding the center point. The value to
be subtracted from the Pr of the center point is not limited
to (the average inner product value in the surrounding
region) and it can be the median of the inner product
values in the surrounding region, for example.
[0140] Explained hereinafter is the calculation of the
removal rate using the inner product difference value dPr
with reference to FIGS. 13A to 13C. FIG. 13A is a graph
showing the inner product difference values dPr against
degree in the clutter region, the middle flow region and the
high flow region. FIG. 13B is a graph showing the gain of
the removal rate conversion function g for inner product
difference value |dPr| different for each degree. FIG. 13C is
a graph showing the removal rate Rg against degree when
the removal rate conversion function g is used.
[0141] As shown in FIG. 13A, the third threshold value
TH3 is set when the inner product difference values dPr for
each degree in the clutter region, the middle flow region, and
the high flow region are obtained. The inner product differ-
ence value dPr in the clutter region is plotted with circle
marks, the inner product difference value dPr in the middle
flow region with square marks, and the inner product dif-
ference value dPr in the high flow region with triangle
marks.
[0142] The third threshold value TH3 is a threshold value
for determining the inner product difference value dPr in the
clutter region. Accordingly, degree for which the inner
product difference value dPr is equal to or lower than the
third threshold value TH3 is assumed to be the clutter region
and removed. The removal rate conversion function g of the
gain against the inner product difference value IdPrl (the
absolute value of the inner product difference value) differ-
ent for each degree shown in FIG. 13B is determined
corresponding to the third threshold TH3. The gain of the
removal rate conversion function g is determined in a range
from 0 to 1. When the gain of the removal rate conversion
function g=0, the removal rate is 0%, and when the gain of
the removal rate conversion function g=1, the removal rate
is 100%.
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[0143] The removal rate conversion function g may be a
step function as shown in FIG. 9A or a sigmoid function as
shown in FIG. 9B, like the removal rate conversion function
f. A monotone decreasing function is desirable for the
removal rate conversion function g.

[0144] The removal rate Rg against degree shown in FIG.
13C is calculated by converting the inner product difference
value dPr of the sampling point in FIG. 13A with the
removal rate conversion function g in FIG. 13B. Instead of
the second threshold value TH2 which varies by degree, the
removal rate conversion function g common to all degrees
can be set according to the third threshold value which is
constant and common to all degrees.

[0145] Returning to FIG. 12, the evaluation criteria data
storage 733A is a storage which stores the removal rate
conversion function g according to the third threshold value,
which is predetermined. The evaluation criteria data storage
733A may be configured to suitably modify the data to be
stored according to the input by the operator via the control
section 2.

[0146] The conversion function setting section 734A reads
out the removal rate conversion function g based on the third
threshold value from the evaluation criteria data storage 733
under the control of the control section 9, and sets the read
out removal rate conversion function g.

[0147] The removal rate calculating section 735A calcu-
lates the removal rate Rg for each degree by converting the
inner product difference value dPr input from the inner
product difference value calculating section 737 using the
removal rate function g input from the conversion function
setting section 734A, under the control of the control section
9

[0148] The filtering section 736 reads out the orthonormal
basis b from the orthogonal basis storage 732 under the
control of the control section 9, and calculates the packet
data Sp, ., by the formula (3), using the orthonormal basis
b read out, the removal rate Rg input from the removal rate
calculating section 735A, and the inner product value Pr
input from the inner product value calculating section 731.
The filtering section 736 separates the packet data Sp; 7.,
as a complex Doppler signal to Doppler signals I and Q, and
outputs them to the correlation calculating section 74.

[0149] Next, the MTI filter 73A of the ultrasound diag-
nostic device 1 in the present modification example is
described with reference to FIG. 14. FIG. 14 is a flow chart
showing the process of the second MTI filtering.

[0150] The MTI filter 73A executes the process of the
second MTT filtering with each section of the MTT filter 73A
under the control of the control section 9. The explanation on
the control by the control section 9 is omitted.

[0151] As shown in FIG. 14, the steps S21 and S22 in the
process of the second MTI filtering are the same as the steps
S11 and S12 in the process of the first MTI filtering in FIG.
11. In the step S22, the inner product value Pr (xc, yc, 1) of
one frame in the C-mode image is calculated.

[0152] The inner product difference value calculating sec-
tion 737 calculates the inner product difference value dPr
(xc, yc, i) by the formula (9) using the inner product value
Pr (xc, ye, 1) of one frame obtained in the step S32 (Step
S23). The conversion function setting section 734A reads
out the removal rate conversion function g (dPr, 1) based on
the third threshold value as the evaluation criteria data from
the evaluation criteria data storage 733A (Step S24). The
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conversion function setting section 734 sets the removal rate
conversion function g (dPr, 1) read out in the step S24 (Step
S25).

[0153] The removal rate calculating section 735A calcu-
lates the removal rate Rg (xc, yc, i) for each degree by
converting the inner product difference value dPr (xc, yc, 1)
calculated in the step S23 using the removal rate conversion
function g (dPr, 1) set in the step S25 (Step S26). The filtering
section 736 multiplies the inner product value Pr (xc, yc, i)
calculated in the step S22 by the removal rate Rg (xc, yc, 1)
calculated in the step S26 (Step S27).

[0154] The steps S28 and S29 are the same as S17 and S18
in the process of the first MTI filtering in FIG. 11.

[0155] In accordance with the present modification
example described hereinbefore, the ultrasound diagnostic
device 1 has an inner product difference value calculating
section 737 which calculates an inner product difference
value dPr for each degree between an inner product value of
a center point in the C-mode image for each degree and an
inner product value of a region surrounding the center point
concerned for each degree. The conversion function setting
section 734 A sets the removal rate conversion function g to
convert the inner product difference value dPr into the
removal rate Rg to remove the clutter components. The
removal rate calculating section 735A converts the calcu-
lated inner product difference value dPr into the removal rate
Rg for each degree by the removal rate conversion function
g

[0156] The clutter components tend to be global and the
blood flow components tend to be local. By calculating the
inner product difference value, it is possible to differentiate
the clutter which is global information and the blood flow
which is local information. This makes it possible to remove
the clutter more effectively by differentiating the blood flow
components from the other components by comparison with
the surrounding region.

SECOND MODIFICATION EXAMPLE

[0157] With reference to FIGS. 15 and 16, the second
modification example of the first embodiment described
above is explained. The device structure of the present
modification example is explained with reference to F1G. 15.
FIG. 15 is a block diagram showing the functional structure
of the MTI filter 73B.

[0158] The ultrasound diagnostic device 1 in the first
embodiment described above is used as the device structure
of the present modification example. However, the MTI
filter 73 is substituted by the MTI filter 73B shown in FIG.
15. The explanation is, therefore, focused on the elements
different from the first embodiment and its first modification
example. The same elements share the numbering in the
drawings, and their descriptions are omitted.

[0159] As shown in FIG. 15, the MTI filter 73A has an
inner product value calculating section 731, an orthogonal
basis storage 732, an inner product difference value calcu-
lating section 737, an evaluation criteria data storage 733B,
a conversion function setting section 734, a conversion
function setting section 734A, a removal rate calculating
section 735B as a removal rate obtaining section, and a
filtering section 736.

[0160] The inner product value calculating section 731
calculates the inner product value Pr for each degree k (k=0,
1, ..., n-1) of each sampling point (pixel) in one frame of
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the C-mode image, but the inner product value Pr in the one
frame concerned 1s calculated, for example.

[0161] The evaluation criteria data storage 733B is a
storage which stores the first threshold value, the removal
rate conversion function f based on the second threshold
value, and the removal rate conversion function g based on
the third threshold value which are predetermined. The
evaluation criteria data storage 733B may be configured to
suitably modify the data to be stored according to the input
by the operator via the control section 2.

[0162] Under the control by the control section 9, the
removal rate calculating section 735B calculates the removal
rate Rf for each degree by converting the inner product value
[Prl input from the inner product value calculating section
731 using the removal rate conversion function f input from
the conversion function setting section 734, and calculates
the removal rate Rg for each degree by converting the inner
product difference value dPr input from the inner product
difference value calculating section 737 using the removal
rate conversion function g input from the conversion func-
tion setting section 734A. The removal rate calculating
section 735B calculates the removal rate R with the calcu-
lated removal rates Rf and Rg. The removal rate R is, for
example, the average value or maximum value of the
removal rates Rf and Rg. The maximum value of the
removal rates Rf and Rg is supposed to be relatively
effective.

[0163] The filtering section 736 reads out the orthonormal
basis b from the orthogonal basis storage 732 under the
control of the control section 9, and calculates the packet
data S;MTlIed by the formula (3), using the orthonormal
basis b read out, the removal rate R input from the removal
rate calculating section 735B, and the inner product value Pr
input from the inner product value calculating section 731.
The filtering section 736 separates the packet data Sp; 7.,
as a complex Doppler signal to Doppler signals I and Q, and
outputs them to the correlation calculating section 74.
[0164] Next, the MTI filter 73B of the ultrasound diag-
nostic device 1 in the present modification example is
explained with reference to FIG. 16. FIG. 16 is a flow chart
showing the process of the third MTT filtering.

[0165] The MTI filter 73B executes the process of the
third MTT filtering with each section of the MTI filter 73B
under the control of the control section 9. The explanation on
the control by the control section 9 is omitted.

[0166] As shown in FIG. 16, the steps S31 to S35 in the
process of the third MTI filtering are the same as the steps
S11 to S15 in the process of the first MTI filtering in FIG.
11. In the step S32, the inner product value Pr (xc, yc, 1) of
one frame in the C-mode image is calculated. The steps S36
to S39 are the same as S23 to S26 in the process of the
second MTI filtering in FIG. 14. The steps S35 and S39 are
mainly executed by the removal rate calculating section
735B.

[0167] The removal rate calculating section 735B calcu-
lates the removal rate R (xc, yc, i) by taking the maximum
value or average value of the removal rate Rf (xc, yc, i)
calculated in the step S35 and the removal rate Rg (xc, yc,
1) calculated in the step S39 (Step S40). The filtering section
736 multiplies the inner product value Pr (xc, ye, 1) calcu-
lated in the step S32 by the removal rate R (xc, yc, 1)
calculated in the step S40 (Step S41).

[0168] The steps S42 and S43 are the same as S17 and S18
in the process of the first MTI filtering in FIG. 11.
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[0169] In accordance with the present modification
example described hereinbefore, the conversion function
setting sections 734 and 734A set the removal rate conver-
sion function fto convert the inner product value Pr into the
removal rate Rf to remove the clutter components, and set
the removal rate conversion function g to convert the irner
product difference value dPr into the removal rate Rg to
remove the clutter components. The removal rate calculating
section 735B converts the calculated inner product value Pr
for each degree into the removal rate Rf for each degree
using the removal rate conversion function f, converts then
the calculated inner product difference value dPr for each
degree to the removal rate Rg for each degree using the
removal rate conversion function g, and calculates the
removal rate R with the removal rates Rf and Rg. Thus, the
system noise can be effectively removed with the inner
product value, and the clutter can also be effectively
removed with the inner product difference value.

[0170] The removal rate calculating section 735B sets the
removal rate R for each degree to the maximum of the
removal rate Rf for each degree and the removal rate Rg for
each degree. This allows effective removal of the system
noise and clutter.

Second Embodiment

[0171] The second embodiment of the present invention is
described hereinafter with reference to FIGS. 17 to 19. First,
the device structure of the present embodiment is explained
hereinafter with reference to FIGS. 17 and 18. FIG. 17 is a
block diagram showing the functional structure of a C-mode
image generating section 7C. FIG. 18 is a block diagram
showing the functional structure of a combination ratio
setting section 79.

[0172] The ultrasound diagnostic device 1 in the first
embodiment described above is used as the device structure
of the present modification example. However, the C-mode
image generating section 7 is substituted by the C-mode
image generating section 7C in FIG. 17. The explanation is,
therefore, focused on the elements different from the first
embodiment. The same elements share the numbering in the
drawings, and their descriptions are omitted.

[0173] The internal structure of C-mode image generating
section 7C is hereinafter explained with reference to FIG.
17. As shown in FIG. 17, the C-mode image generating
section 7 has a quadrature detector 71, a corner-turn control
section 72, an MTI filter 73C, a correlation calculating
section 74, a data converting section 75, a noise removal
spatial filtering section 76, an inter-frame filter 77, a C-mode
image converting section 78, and a combination ratio setting
section 79.

[0174] The MTI filter 73C does not use the inner product
value Pr like the MTI filters 73, 73A, and 73B in the first
embodiment and its first and second modification examples
described above, but it is a normal MTI filter using the
orthonormal basis. The MTI filter 73C, however, does not
necessarily use the orthonormal basis. The MTI filter 73C
removes the clutter components by filtering the Doppler
signals I and Q input from the corner-turn control section 72
under the control of the control section 9.

[0175] The combination ratio setting section 79 calculates
the combination ratio @ (0 to 1) of the B-mode image in
combining the B-mode image and the C-mode image from
the Doppler signals [ and Q (packet data Sp) input from the
corner-turn control section 72 and outputs it to the display



US 2018/0325493 Al

processing section 8, under the control by the control section
9. The combination ratio of the C-mode image is given by
(1-ct). The combination ratio o is a ratio being set for each
spatial location (xc, yc) in the ROI (C-mode image).
[0176] As shown in FIG. 18, the combination ratio setting
section 79 has an inner product calculating section 791 as an
inner product value obtaining section, an orthogonal basis
storage 792, an evaluation criteria data storage 793, a
conversion function setting section 794, a removal rate
calculating section 795 as a removal rate obtaining section,
and a combination ratio calculating section 796 as a com-
bination ratio obtaining section.

[0177] The inner product value calculating section 791,
the orthogonal basis storage 792, the evaluation criteria data
storage 793, the conversion function setting section 794, and
the removal rate calculating section 795 are respectively the
same as the inner product value calculating section 731, the
orthogonal basis storage 732, the evaluation criteria data
storage 733, the conversion function setting section 734, and
removal rate calculating section 735 in the first embodiment.
[0178] The combination ratio calculating section 796 cal-
culates the combination ratio o of the B-mode image at a
spatial location of the C-mode image with the removal rate
Rf input from the removal rate calculating section 795,
under the control by the control section 9.

[0179] At the locations where the packet data contain a lot
of clutter, it is better to show the B-mode image without a
blood flow image imposed on it in order to increase visibility
for the operator (with larger ). It can also decrease mis-
recognition where the clutter noise is taken for the blood
flow.

[0180] In the present embodiment, the indicator to decide
the locations where the packet data seem to contain a lot of
clutter is obtained with the removal rates for all degrees
obtained for the packet data. For example, the removal rates
for all degrees are calculated and their average removal rate
is set as o The high average of the removal rates indicates
that clutter is contained for a lot of degrees. The combination
ratio o is then high and the B-mode image is combined at a
high ratio. Eventually the clutter is not visible to the opera-
tor.

[0181] When the B-mode is selected, the display process-
ing section 8 includes in the display image data the B-mode
image of the B-mode image data generated in the B-mode
image generating section 5 and outputs it to the display 12.
When the C-mode is selected, the display processing section
8 multiplies the B-mode image generated in the B-mode
image generating section 5 by the combination ratio o input
from the combination ratio calculating section 796 at each
spatial location, and multiplies the C-mode image generated
in the C-mode image generating section 7C by the combi-
nation ratio (1-c) at each spatial location. The display
processing section 8 combines the B-mode image and
C-mode image respectively multiplied by the combination
ratios o and (1-a), generates the combined image data,
includes the combined image data in the display image data,
and outputs it to the display 12.

[0182] Next, the combination ratio calculating section 796
of the ultrasound diagnostic device 1 in the present embodi-
ment is described with reference to FIG. 19. FIG. 19 is a
flow chart showing the process of calculation of the com-
bination ratio.

[0183] The combination ratio setting section 79 executes
each process of calculating the combination ratio with each
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part of the combination ratio setting section 79 under the
control of the control section 9. The explanation on the
control by the control section 9 is omitted.

[0184] As shown in FIG. 19, the steps S51 to S55 in the
process of calculating the combination ratio are respectively
the same as the steps S11 to S15 in the process of the first
MTI filtering in FIG. 11. The steps S51 to S55 are mainly
executed respectively by the inner product calculating sec-
tion 791, the inner product calculating section 791, the
conversion function setting section 794, the conversion
function setting section 794, and the removal rate calculat-
ing section 795.

[0185] The combination ratio calculating section 796 cal-
culates the combination ratio o at a spatial location of the
C-mode image by the removal rate Rf input from the
removal rate calculating section 795, outputs the calculated
combination ratio c to the display processing section 8 (Step
S56), and then ends the process of calculating the combi-
nation ratio.

[0186] In accordance with the present embodiment
described hereinbefore, the transmitter 3 outputs driving
signals for the B-mode image and the C-mode image to the
ultrasound probe 101. The receiver 4 obtains reception
signals for the B-mode image and the C-mode image from
the ultrasound probe 101. The ultrasound diagnostic device
1 has an inner product value calculating section 731 which
calculates an inner product value Pr of packet data of a
reception signal for the C-mode image and an orthonormal
basis b” for each degree, a combination ratio calculating
section 796 which calculates a combination ratio o of the
B-mode image to the C-mode image by the removal rate Rf
for each degree, a C-mode image converting section 78
which generates C-mode image data from the packet data,
and the B-mode image generating section 5 which generates
B-mode image data from the reception signal for the
B-mode image. The display processing section 8 generates
combined image data by combining the B-mode image data
and the C-mode image data according to the calculated
combination ratio ., and displays a combined image of the
combined image data on a display 12.

[0187] It can restrain displaying components other than
the blood flow (clutter and system noise), improve visibility
of blood flow and eventually avoid misdiagnosis.

[0188] The above description of the embodiment is an
example of the appropriate ultrasound diagnostic device in
accordance with the present invention and does not limit the
scope of invention. For example, two or more of the embodi-
ments and its modification examples described above and
the configurations described hereinafter can be suitably
combined. To be concrete, in the second embodiment, the
combination ratio o may be generated based on the removal
rate Rg in the first modification example, for example, or the
combination ratio o may be generated based on the removal
rate R in the second modification example.

[0189] In the embodiments and modification examples
described above, the image data such as the B-mode image
data or the combined image data are displayed on the display
12 in the ultrasound diagnostic device 1. However, the
configuration is not limited to this and the image data such
as the B-mode image data or the combined image data may
be stored in the storage 11.

[0190] As to the details of the configurations and manners
of each part which is incorporated to the ultrasound diag-
nostic device 1 in accordance with the embodiments
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described hereinbefore, modifications can be made without
departing from the scope of the invention.

[0191] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

[0192] The entire disclosure of Japanese patent Applica-
tion No.2017-092723, filed on 9 May 2017, is incorporated
herein by reference in its entirety.

What is claimed is:

1. An ultrasound diagnostic device comprising:

a transmitter which outputs a driving signal for a C-mode
image to an ultrasound probe sending and receiving
ultrasound;

a receiver which obtains a reception signal from the
ultrasound probe; and

a controller which:

calculates an inner product value of packet data of the
reception signal and a first orthonormal basis for each
degree;

sets a conversion function to convert the inner product
value into a removal rate to remove a clutter compo-
nent;

converts the calculated inner product value into the
removal rate for each degree by using the set conver-
sion function; and

generates image data from which a signal component of
the C-mode image is removed according to the removal
rate for each degree.

2. The ultrasound diagnostic device according to claim 1,
wherein the controller sets the conversion function to con-
vert the removal rate for every degree into 1 when the
calculated inner product value for O degree is equal to or less
than a predetermined threshold value.

3. The ultrasound diagnostic device according to claim 1,
wherein the controller displays on a display the image data
from which the signal component of the C-mode image is
removed according to the removal rate for each degree.

4. The ultrasound diagnostic device according to claim 3,
wherein

the controller calculates packet data after filtering of
multiplying the calculated inner product value for each
degree by the removal rate for each degree, multiplying
the calculated inner product value for each degree
multiplied by the removal rate by a second orthonormal
basis which is the Hermitian transpose of the first
orthonormal basis, and subtracting the value multiplied
by the second orthonormal basis from the packet data,

the controller generates C-mode image data from the
packet data after the filtering, and

the controller displays the C-mode image of the C-mode
image data after the filtering on the display.

5. The ultrasound diagnostic device according to claim 3,

wherein

the transmitter outputs a driving signal for a B-mode
image and the C-mode image to the ultrasound probe,

the receiver obtains a reception signal for the B-mode
image and the C-mode image from the ultrasound
probe,

the controller calculates the inner product value of the
packet data of the reception signal for the C-mode
image and the first orthonormal basis for each degree,
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the controller calculates a combination ratio of the
B-mode image to the C-mode image from the removal
rate for each degree,

the controller generates C-mode image data from the
packet data,

the controller generates B-mode image data from a recep-
tion signal for the B-mode image, and

the controller generates combined image data by combin-
ing the B-mode image data and the C-mode image data
according to the calculated combination ratio and dis-
plays a combined image of the combined image data on
the display.

6. The ultrasound diagnostic device according to claim 1,

wherein

the controller calculates an inner product difference value
for each degree between an inner product value for
each degree of a center point of the C-mode image and
an inner product value for each degree of a surrounding
region of the center point,

the controller sets a conversion function to convert the
inner product difference value into the removal rate to
remove the clutter component, and

the controller converts the calculated inner product dif-
ference value for each degree into the removal rate for
each degree by using the set conversion function.

7. The ultrasound diagnostic device according to claim 1,

wherein

the controller calculates an inner product difference value
between the inner product value for each degree of a
center point of the C-mode image and the inner product
value for each degree of a surrounding region of the
center point,

the controller sets a first conversion function to convert
the inner product value into a first removal rate to
remove the clutter component and a second conversion
function to convert the inner product difference value
into a second removal rate to remove the clutter com-
ponent,

the controller converts the calculated inner product value
for each degree into the first removal rate for each
degree by using the set first conversion function, con-
verts the calculated inner product difference value for
each degree into the second removal rate for each
degree by using the set second conversion function, and
calculates the removal rate for each degree from the
first removal rate and the second removal rate.

8. The ultrasound diagnostic device according to claim 7,
wherein the controller sets a maximum value of the first
removal rate for each degree and the second removal rate for
each degree as the removal rate for each degree.

9. The ultrasound diagnostic device according to claim 1,
wherein the removal rate for each degree ranges from 0 to
1.

10. A method for generating an ultrasound image, the
method comprising:

a transmission step of outputting a driving signal for a
C-mode image to an ultrasound probe sending and
receiving ultrasound,

a reception step of obtaining a reception signal from the
ultrasound probe;

an inner product value calculation step of calculating an
inner product value of packet data of the reception
signal and a first orthonormal basis for each degree;
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a conversion function setting step of setting a conversion
function to convert the inner product value into a
removal rate to remove a clutter component;

a removal rate calculating step of converting the calcu-
lated inner product value into the removal rate for each
degree by using the set conversion function; and

a processing step of generating image data from which a
signal component of the C-mode image is removed
according to the removal rate for each degree.
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