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ULTRASOUND SIGNAL PROCESSING

DEVICE, ULTRASOUND DIAGNOSTIC

DEVICE, AND ULTRASOUND SIGNAL
PROCESSING METHOD

[0001] This application claims priority to Japanese Patent
Application No. 2017-223157, filed Nov. 20, 2017, the
contents of which are hereby incorporated by reference in
their entirety.

BACKGROUND OF THE DISCLOSURE

Technical Field

[0002] The present disclosure relates to ultrasound signal
processing devices, ultrasound diagnostic devices, and ultra-
sound signal processing methods, and in particular to recep-
tion beamforming processing in ultrasound signal process-
ing devices that use color flow mapping and to color flow
mapping operation processing.

Description of the Related Art

[0003] The ultrasound diagnostic device transmits ultra-
sound to an inside of a subject via an ultrasound probe
(hereinafter also referred to as a probe) and receives ultra-
sound reflected waves (echoes) caused by a difference in
acoustic impedance of tissue in the subject. Further, based
on an electric signal obtained from reception, an image
showing structure of internal tissue of the subject is gener-
ated and displayed on a monitor (hereinafter also referred to
as a display). Ultrasound diagnostic devices are widely used
for morphological diagnoses of living bodies because they
are not very invasive and can be used to observe the state of
internal tissues in real time via tomographic images and the
like.

[0004] In recent years, a large number of ultrasound
diagnostic devices are being provided with color flow map-
ping (CFM). In CFM, a Doppler shift (frequency shift)
occurring in an echo due to movement of body tissue such
as a blood flow is detected, and velocity and power infor-
mation are displayed as a two-dimensional Doppler image
superimposed on a two-dimensional tomographic image (B
mode tomographic image).

[0005] Typically, in CFM, information obtained from
blood flow (hereinafter also referred to as “blood flow
information™) is imaged. Thus, as a process of extraction of
a blood flow information component (hereinafter also
referred to as “blood flow component”) included in an echo,
a moving target indicator (MTI) filter may be used, for
example. An MTT uses a difference in average velocity of the
blood flow component and a component of information
obtained from moving tissue and stationary tissue (herein-
after also referred to as “clutter component™) to filter out the
clutter component from an echo. Further, a method has been
proposed of acquiring information representing movement
of a subject based on B mode tomographic image data
corresponding to a Doppler image and using the information
representing movement of the subject to correct ultrasound
Doppler image data in order to remove a clutter component
(for example, JP 2015-198710).

SUMMARY

[0006] However, in situations such as high probe opera-
tion speed or high movement speed of tissue such as an
organ, i.e., situations in which probe movement speed rela-
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tive to tissue is high, frequency shifts of tissue and blood
flow are superimposed, and therefore there is a problem that
a clutter component cannot be sufficiently removed from a
Doppler image. Further, in a method of applying motion
correction detected from a B mode tomographic image to a
corresponding Doppler image, correction is performed
based on echo signals pertaining to different transmission
and reception, and therefore there is a technical problem that
excessive or insuflicient removal of a clutter component may
occur.

[0007] The present disclosure has been in made in view of
at least one of these technical problems, and it is an object
of the present disclosure to provide an ultrasound signal
processing device that detects velocity of tissue in a Doppler
signal and adaptively removes a clutter component caused
by motion of the tissue according to the velocity of the
tissue, in order to extract a blood flow component with high
accuracy.

[0008] To achieve at least one of the abovementioned
objects, according to an aspect of the present disclosure, an
ultrasound signal processing device reflecting one aspect of
the present disclosure calculates blood flow information by
driving a plurality of transducers arranged in an ultrasound
probe to execute ultrasound transmission and reception with
respect to a subject, the ultrasound signal processing device
including ultrasound signal processing circuitry, the ultra-
sound signal processing circuitry comprising: a transmitter
that transmits, a plurality of times, via the plurality of
transducers, detection waves to a region of interest denoting
a range to be analyzed in the subject; a reception beam-
former that generates, for each of the detection waves, a
reception signal sequence based on reflected ultrasound
from the subject received in a time sequence by the plurality
of transducers; a quadrature detector that generates, for each
of the detection waves, a first complex Doppler signal
sequence through quadrature detection of the reception
signal sequence; a tissue velocity detector that generates
tissue velocity value data by calculating velocity values for
each set of coordinates of observation points in the region of
interest from the first complex Doppler signal sequence; a
filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter pro-
cessing on the first complex Doppler signal sequence; a
blood flow calculator that generates first velocity value data
by calculating velocity values for each set of coordinates of
the observation points from the second complex Doppler
signal sequence; an adaptable threshold processor that gen-
erates, for each set of coordinates of the observation points,
(1) second velocity value data based on the first velocity
value data and the tissue velocity value data, and (ii) third
velocity value data by applying a correction to velocity
values of the second velocity value data that have an
absolute value equal to or less than a velocity threshold; and
an image generator that generates, for each set of coordi-
nates of the observation points, color Doppler image data
based on the third velocity value data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other objects, advantages, and features
provided by one or more embodiments of the disclosure will
become more fully understood from the detailed description
given hereinbelow 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.
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[0010] FIG. 1 is a function block diagram of an ultrasound
diagnostic system 1000 pertaining to Embodiment 1.

[0011] FIG. 2 is a function block diagram of a CFM
processor 105.
[0012] FIG.3A s a function block diagram of a quadrature

detector 1051, FIG. 3B is a function explanation diagram
pertaining to a filter processor 1052, and FIG. 3C is a
schematic diagram for describing processing by a blood flow
calculator 1053 and a tissue velocity detector 1054.

[0013] FIG. 4 is a function block diagram of an adaptive
threshold processor 1055.

[0014] FIG. 5 is an operation explanation diagram per-
taining to a subtractor 10552 in the adaptive threshold
processor 1055.

[0015] FIG. 6 is an operation explanation diagram per-
taining to the subtractor 10552 in the adaptive threshold
processor 1055.

[0016] FIG. 7 is an operation explanation diagram per-
taining to a threshold processor 10553 in the adaptive
threshold processor 1055.

[0017] FIG. 8 is a flowchart illustrating operations of an
ultrasound diagnostic device 100.

[0018] FIG. 9is a flowchart illustrating adaptive threshold
processing in step S100 of FIG. 8.

[0019] FIG. 10A is a function block diagram of a CFM
processor 105X pertaining to a reference example, and FIG.
10B is a function block diagram of a threshold processor
1055X.

[0020] FIG. 11 is an operation explanation diagram per-
taining to the threshold processor 1055X of the reference
example.

[0021] FIG. 12A is a velocity/power distribution diagram
illustrating distribution of velocity data and power data for
each set of observation point coordinates in a region of
interest according to processing by the adaptive threshold
processor 1055, and FIG. 12B is a velocity/power distribu-
tion diagram illustrating distribution of velocity data and
power data for each set of observation point coordinates in
a region of interest according to processing by the threshold
processor 1055X of the reference example.

[0022] FIG. 13A is a color Doppler image including a
finger joint cross-section in a region of interest according to
processing by the adaptive threshold processor 1055, and
FIG. 13B is a color Doppler image including a finger joint
cross-section in a region of interest according to processing
by the threshold processor 1055X of the reference example.
[0023] FIG. 14A is a power Doppler image of a finger joint
cross-section according to processing by the adaptive thresh-
old processor 1055, and FI1G. 14B is a power Doppler image
of a finger joint cross-section according to processing by the
threshold processor 1055X of the reference example.
[0024] FIG. 15 is a flowchart illustrating processing by the
adaptive threshold processor 1055 pertaining to a modifica-
tion.

[0025] FIG. 16 is a schematic diagram illustrating an
example of hands of a blood flow component and a clutter
component.

DETAILED DESCRIPTION

Developments Leading to Embodiments

[0026] Using an MTI filter, the inventor conducted various
studies on how to select signals to be removed. As an MTI
filter, a finite impulse response (FIR) filter can be used,
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which makes use of a difference in average velocity between
a blood flow component and a clutter component. A high
pass filter such as an FIR filter is a filter that eliminates
signals having a frequency lower than a defined cutoff
frequency through use of a difference in average velocity
between a blood flow component and a clutter component.
Such a filter functions effectively when frequency bands of
the blood flow components and the clutter component do not
overlap. For example, as illustrated in FIG. 16, frequency
bands of a blood flow component 241 and a clutter compo-
nent 242 are separate from each other, and in this case a
frequency Afl that is lower than a lowest frequency of the
blood flow component 241 and higher than a highest fre-
quency of the clutter component 242 is a cutoff frequency.
In this way, the blood flow component 241 passes the FIR
filter while the clutter component 242 is removed by the FIR
filter, and therefore extraction of only the blood flow com-
ponent 241 is possible. However, when frequency bands of
the blood flow component and the clutter component over-
lap, an FIR filter cannot be said to be effective. A method
described in JP 2015-198710 is a method by which infor-
mation representing motion of a subject is acquired based on
B mode tomographic image data corresponding to a Doppler
image or ultrasound reception signals for generating the
image data corresponding to the Doppler image, ultrasound
Doppler image data is corrected, and a clutter component
removed. Accordingly, even if there is an overlap of fre-
quency bands of the blood flow component and the clutter
component, the clutter component can be selected and
removed.

[0027] However, in the method of applying motion cor-
rection detected from a B mode tomographic image to a
corresponding Doppler image, a correction value for the
Doppler image is calculated from a B mode tomographic
image based on echo signals pertaining to a different trans-
mission and reception. Thus, in situations such as high probe
operation velocity or high movement velocity of tissue such
as an organ, i.e., situations in which probe movement
velocity relative to tissue is high, excess or deficiency occurs
in a size of a clutter components to be removed, and
therefore there is a problem that a clutter component carnot
be sufficiently removed. In such cases, it may be considered
that improvement of Doppler image quality is hindered by
the fact that signals that are a basis for correction value
determination and signals that are correction targets are
acquired in different transmission and reception sequences.

[0028] In view of this, the inventor investigated a process-
ing method of detecting a clutter component from a signal
based on the same transmission and reception sequence as a
Doppler signal to be corrected and adaptively correcting the
Doppler signal according to clutter component size in a
range in which the clutter component is present in the
Doppler signal; and the inventor arrived at embodiments of
an ultrasound signal processing device, an ultrasound signal
processing method, and an ultrasound diagnostic device
using same. [0028]1 The following is a description of
embodiments of an ultrasound signal processing device, an
ultrasound signal processing method, and an ultrasound
signal processing device using same, described with refer-
ence to the drawings.

[0029] Hereinafter, one or more embodiments of the pres-
ent disclosure will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.
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Embodiment 1

<Qverall Configuration>

[0030] The following is a description of an ultrasound
diagnostic device 100 pertaining to Embodiment 1,
described with reference to the drawings.

[0031] FIG. 1 is a function block diagram of an ultrasound
diagnostic system 1000 pertaining to Embodiment 1. In FIG.
1, the ultrasound diagnostic system 1000 includes a probe
101 that has transducers 101a that transmit ultrasound
towards a subject and receive reflected waves, the ultrasound
diagnostic device 100 that causes the probe 101 to transmit
and receive ultrasound and generates ultrasound images
based on output signals from the probe 101, and a display
108 that displays an ultrasound image on a screen. The probe
101 and the display 108 are each connectable to the ultra-
sound diagnostic device 100. FIG. 1 illustrates the probe 101
and the display 108 connected to the ultrasound diagnostic
device 100. The probe 101 and the display 108 may be
incorporated in the ultrasound diagnostic device 100.

<Configuration of Ultrasound Diagnostic Device 100>

[0032] The ultrasound diagnostic device 100 includes a
multiplexer 102 that selects transducers used for transmis-
sion or reception among the transducers 101a of the probe
101 and secures input/output of selected transducers, a
transmission beamformer 103 that controls timing of high
voltage application to the transducers 101a of the probe 101
in order to perform ultrasound transmission, and a reception
beamformer 104 that amplifies and A/D converts electric
signals obtained by the transducers 101a based on reflected
ultrasound received by the probe 101 in order to generate a
reception signal sequence, performs reception beamforming
with respect to the reception signal sequence, and generates
an acoustic line signal. Further, the ultrasound diagnostic
device 100 includes a CFM processor 105 that frequency
analyzes an output signal from the reception beamformer
104 to generate color flow information, a tomographic
image processor 106 that generates a tomographic image (B
mode image) based on an output signal from the reception
beamformer 104, an image generator 107 that superimposes
color flow information and a B mode image to generate a
Doppler image and displays the Doppler image on the
display 108, a data storage 109 that stores reception signal
sequences and/or acoustic line signals generated by the
reception beamformer 104, color flow information generated
by the CFM processor 105, and B mode images generated by
the tomographic image processor 106, and a controller 110
that controls each element of the ultrasound diagnostic
device 100. Of these, the multiplexer 102, the transmission
beamformer 103, the reception beamformer 104, the CFM
processor 105, the tomographic image processor 106, and
the image generator 107 constitute an ultrasound signal
processing device 150, which is an ultrasound signal pro-
cessing circuit.

[0033] Elements of the ultrasound diagnostic device 100,
for example the multiplexer 120, the transmission beam-
former 103, the reception beamformer 104, the CFM pro-
cessor 105, the tomographic image processor 106, the image
generator 107, and the controller 110 are each implemented
as a hardware circuit such as a field programmable gate array
(FPGA), an application specific integrated circuit (ASIC), or
the like.
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[0034] The data storage 109 is a computer-readable stor-
age medium, and may be a flexible disk, a hard disk,
magneto-optical (MO), a digital versatile disc (DVD), digi-
tal versatile disc random access memory (DVD-RAM), a
Blu-ray Disc (BD), semiconductor memory, or the like.
Further, the data storage 100 may be a storage device that is
external and connectable to the ultrasound diagnostic device
100.

[0035] The ultrasound diagnostic device 100 pertaining to
the present embodiment is not limited to the ultrasound
diagnostic device configuration illustrated in FIG. 1. For
example, the transmission beamformer 103 and the recep-
tion beamformer 104 may be directly connected to the
transducers 101a of the probe 101 without the multiplexer
102. Further, the transmission beamformer 103, the recep-
tion beamformer 104, or a portion thereof may be inside the
probe 101. This is not limited only to the ultrasound diag-
nostic device 100 pertaining to the present embodiment, and
the same applies to an ultrasound diagnostic device pertain-
ing to modifications described below.

<Description of Component Elements>

1. Transmission Beamformer 103

[0036] The transmission beamformer 103 is connected to
the probe 101 via the multiplexer 102 and controls timing of
high voltage application to each of a plurality of transducers
included in a transmission aperture consisting of a transmis-
sion transducer array of all or a plurality of the transducers
101a of the probe 101 for transmitting ultrasound from the
probe 101. The transmission beamformer 103 includes a
transmitter 1031,

[0037] Based on a transmission control signal from the
controller 110, the transmitter 1031 performs transmission
processing to supply a pulsed transmission signal for caus-
ing transducers included in the transmission aperture among
the transducers 101a of the probe 101 to transmit an ultra-
sound beam. The transmitter 1031 includes, for example, a
clock generator circuit, a pulse generator circuit, and a delay
circuit. A clock generator circuit is a circuit that generates a
clock signal for determining transmission timing of an
ultrasound beam. A pulse generator circuit is a circuit for
generating a pulse signal that drives transducers. A delay
circuit is a circuit for setting a delay time for each transducer
for ultrasound beam transmission timing, delaying ultra-
sound beam transmission by the delay time in order to
perform ultrasound beamforming. The transmitter 1031 con-
trols transmission timing of each transducer so that the more
central a transducer is in the transmission aperture, the more
transmission timing is delayed. As a result, a wavefront of an
ultrasound transmission wave transmitted from the trans-
ducer array in the transmission aperture is focused (con-
verges) at a transmission focal point at a focal depth in a
subject. A wavefront converging at a transmission focal
point diffuses again and an ultrasound transmission propa-
gates in a subject. The transmission beamformer 103 may
perform a control so that ultrasound converges on a region
having a wavefront, i.e., a transmission focal region at a
transmission focal depth.

[0038] After performing transmission of an ultrasound
beam a defined number of times, the transmitter 1031
repeats, a defined number of times, a process of shifting the
transmission aperture a defined distance in an array direction
and transmitting an ultrasound beam a defined number of
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times, thereby performing ultrasound transmission from all
of the transducers 101a of the probe 101. Hereinafter, each
transmission of an ultrasound beam may be referred to as a
transmission event, and an entire series of ultrasound trans-
mission using the same transmission aperture, composed of
a defined number of transmission events, may be referred to
as a transmission event set. Here, a “defined number of
times” means at least two times, and, for example, from six
to twelve times is beneficial. According to the present
embodiment, as one example, the defined number of times
is set to be ten. In other words, according to the present
embodiment, the transmission aperture is shifted every ten
ultrasound transmissions. One frame of a signal is received
from a plurality of transmission even sets having different
transmission apertures from each other.

[0039] The transmitter 1031 may transmit a plane wave
that is a transmission detection wave propagating in a
specific direction transmitted from each transducer of the
probe 101 as an ultrasound beam. In this case, all transducers
are driven at the same time, or delay processing is performed
such that between two adjacent transducers a delay time
difference is a defined value. In this case, the transmission
aperture does not shift between transmission event sets, and
one frame of a signal is received from one transmission
event set.

2. Reception Beamformer 104

[0040] The reception beamformer 104 amplifies and A/D
converts electric signals obtained by a plurality of the
transducers 101a based on reflected ultrasound received by
the probe 101, converting the electric signal to RF signals,
and generates a reception signal sequence that is a time
sequence of a plurality of RF signals. Further, the reception
beamformer 104 performs reception beamforming with
respect to a reception signal sequence to create an acoustic
line signal DS. When generating an acoustic line signal DS,
reception signals are identified based on ultrasound reflected
from observation points in a region of interest in correspon-
dence with a transmission event, delay processing is pet-
formed for each reception signal, then summing is per-
formed.

3. CFM Processor 105

[0041] The CFM processor 105 performs frequency analy-
sis based on acoustic line signal reception signal sequences
obtained from transmission event sets, in order to generate
CFM signals. The CFM processor 105 may perform fre-
quency analysis based on reception signal sequences
obtained from transmission event sets in order to generate
CFM signals. Here, for a given observation point, an RF
signal is obtained for each transmission event. Hereinafter,
a plurality of RF signals pertaining to one observation point
are handled as a time sequence signal sequence, and may
also be referred to as an ensemble with respect to the
observation point. A CFM signal is a signal indicating blood
flow information for an observation point. Blood flow infor-
mation is described in more detail later. FIG. 2 is a function
block diagram of the CFM processor 105. As illustrated in
FIG. 2, the CFM processor 105 includes a quadrature
detector 1051, a filter processor 1052, a blood flow calcu-
lator 1053, a tissue velocity detector 1054, and an adaptive
threshold processor 1055.
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(1) Quadrature Detector 1051

[0042] The quadrature detector 1051 is a circuit that
performs quadrature detection with respect to each reception
signal sequence generated in correspondence with a trans-
mission event, and generates a complex Doppler signal
indicating phase of reception signals of observation points.
FIG. 3A is a function block diagram of the quadrature
detector 1051. Specifically the following processing is pet-
formed with respect to each acoustic line signal DS included
in the ensemble of each observation point. First, a first
reference signal sin 2nft is generated having a same fre-
quency f, as a transmission ultrasound and a second refer-
ence signal cos 2nf,t is generated having a same frequency
and amplitude as the first reference signal sin 27f t but a
difference in phase of 90°. Next, the acoustic line signal DS,
A sin(2nft+0), and the first reference signal sin 2mtf,t are
integrated, and a high frequency component having a fre-
quency 4mnf,t about twice the first reference signal sin 2ztf;t
is removed by LPF, obtaining a first component. Similarly,
the acoustic line signal DS, A sin(2nf,t+0), and the second
reference signal cos 2mf,t are integrated, and a high fre-
quency component having a frequency 4mf,t about twice the
second reference signal cos 2mfit is removed by LPE,
obtaining a second component. Next, with the first compo-
nent as a real part (I component; in phase) and the second
component as an imaginary part (Q component; quadrature
phase), a complex Doppler signal Z1 (Z1=1+iQ=A&'8) is
generated.

(2) Filter Processor 1052

[0043] The filter processor 1052 is a filter circuit that
removes the clutter component 242 from the complex Dop-
pler signal 7Z1. The clutter component 242 is information
indicating, among tissue movement, a component that is not
a visualization target such as blood vessel, muscle, and
organ tissue movement. FIG. 3B is a function explanation
diagram pertaining to the filter processor 1052. The filter
processor 1052 is an MTI filter including a clutter removal
filter such as an FIR filter. For example, as illustrated in FIG.
3B, by removing a signal having a frequency lower than a
defined cutoff frequency Afe, the clutter component 242 is
reduced from the complex Doppler signal Z1 and the blood
flow component 241 passes, leading to output of a complex
Doppler signal 72 (second complex Doppler signal
sequence). In this way, the blood flow component 241 passes
the filter processor 1052 while the clutter component 242 is
removed by the filter processor 1052. The filter processor
1052 is not limited to high-pass filters such as an FIR filter
and may be any filter that can remove clutter. For example,
a least squares filter, a polynomial approximation filter, an
eigenvector filter, or the like may be used.

(3) Blood Flow Calculator 1053

[0044] The blood flow calculator 1053 is a circuit that
accepts the complex Doppler signal 72 after filter processing
as input, and calculates blood flow information correspond-
ing to each observation point. According to the present
embodiment, the blood flow calculator 1053 calculates
velocity value data V1 (first velocity value data) and power
value data P1 (first power value data) as blood flow infor-
mation. FIG. 3C is a schematic diagram for describing
processing of the blood flow calculator 1053 and the tissue
velocity detector 1054.
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[0045] For each observation point in a region of interest
RO, the blood flow calculator 1053 estimates phase from
each signal of an ensemble, and calculates a change rate of
the phase.

[0046] As illustrated in FI1G. 3C, with respect to an arrival
distance difference Ax of reflected ultrasound in transmis-
sion and reception of an ensemble number n and an
ensemble number n+1, a velocity change V' is expressed by
Equation (1), where ¢ is light speed, f; is transmission
frequency, and AQ is phase change.

[Math 1]
_ Ax < A6 Equation (1)
T A nf, A1

[0047] Where a real part of a complex Doppler signal Z,,

7., obtained from an nth and an (n+1)th transmission and
reception is 1, ., |, and an imaginary part is Q,, Q,,;, the
phase change A0 is expressed by Equation (2).

[Math 2]
- 1nQne1 = Onlnsr Equalion (2)

A= 7 0.0
[0048] Theblood flow calculator 1053 may estimate phase

change velocity by performing correlation processing
among a plurality of complex Doppler signals of an
ensenible.

[0049] Autocorrelation between a conjugate complex
number 7 * of complex Doppler signal 7, and complex
Doppler signal Z, ., is expressed by Equation (3).

[Math 3]

Zy* L 1= 14000 (00 11= Ol )

[0050] Phase change velocity (angular velocity) w is cal-
culated by the Equation (4) using a real part Re and an
imaginary part Im of the autocorrelation of Z_* and Z,,, ;.

Equation (3)

[Math 4]

e A8 Ltan" Im[Z; - Z,.41]
T AT A Re[Z:-Z,,(]

n

Equation (4)

[0051] The blood flow calculator 1053 calculates a Dop-
pler shift amount generated at each observation point from
phase change velocity m, and calculates blood flow velocity
value data V1 from the Doppler shift amount.

[0052] The blood flow calculator 1053 sets the blood flow
velocity value data V1 as a signal sequence continuing in an
ultrasound transmission direction (subject depth direction),
and outputs to the adaptive threshold processor 1055. The
blood flow calculator 1053 may further calculate the blood
flow power value data P1 based on a blood flow velocity
distribution value T and a Doppler shift amount power
spectrum. The blood flow power value data P1 is calculated
by Equation (5).
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[Math 5]

P=4=P+Q’

[0053] The blood flow calculator 1053 outputs the blood
flow power value data P1 to the adaptive threshold processor
1055. The blood flow calculator 1053 may further calculate
the blood flow velocity distribution value T and output to the
adaptive threshold processor 1055.

(4) Tissue Velocity Calculator 1054

[0054] The tissue velocity calculator 1054 is a circuit that
accepts the complex Doppler signal Z1 prior to MTI filter
processing output from the quadrature detector 1051 as
input, and calculates velocity value data V1 (tissue velocity
value data) of a subject, corresponding to each observation
point. Thus, movement of tissue of the subject relative to the
probe 101 is calculated. In the tissue velocity detector 1054,
a method of calculating the velocity value data Vt is the
same as the method of calculating the velocity value data V1
in the blood flow calculator 1053. The complex Doppler
signal Z1 includes tissue and blood flow information. How-
ever, tissue has a signal intensity about 60 dB greater than
blood flow, and therefore tissue information (clutter)
becomes dominant when calculating phase differences
between ultrasound signals based on the complex Doppler
signal Z1. Thus, the tissue velocity detector 1054 calculates
the velocity value from the complex Doppler signal Z1 prior
to MTT filter processing, and thereby obtains information
equivalent to the tissue velocity value data Vt. In order to
achieve greater accuracy, the tissue velocity detector 1054
may calculate the tissue velocity value data Vt after extract-
ing tissue information by using a low pass filter or the like
on the complex Doppler signal Z1.

[0055] Further, the tissue velocity detector 1054 may
receive as input the complex Doppler signal Z1 prior to filter
processing output from the quadrature detector 1051, and
may calculate the tissue power value data Pt of a subject
corresponding to each observation point according to Equa-
tion (5). In this case, the tissue velocity value data Vt can be
calculated taking into consideration calculated tissue power
value data Pt.

(5) Adaptive Threshold Processor 1055

[0056] The adaptive threshold processor 1055 is a circuit
that receives as inputs the blood flow velocity value data V1,
the blood flow power value data P1, and the tissue velocity
value data Vt, and, for coordinates of each observation point,
calculates blood flow velocity value data V2 (second veloc-
ity value data) based on the blood flow velocity value data
V1 and the tissue velocity value data Vt, and corrects an
absolute value of velocity value of the blood flow velocity
value data V2 to be equal to or less than a velocity threshold
Vth to calculate blood flow velocity value data V3 (third
velocity value data). Further, the adaptive threshold proces-
sor 1055 may be configured to remove data of the blood flow
power value data P1 with a power value equal to or less than
a power value threshold Pth to calculate blood flow power
value data P2 (second power value data).

[0057] FIG. 4 is a function block diagram of the adaptive
threshold processor 1055. As illustrated in FIG. 4, the
adaptive threshold processor 1055 includes a corrector
10551, a subtractor 10552, a threshold processor 10553, and
a summer 10554. Blood flow velocity value data, tissue
velocity value data, and blood flow power value data are
data sets per set of coordinates (X,Y) of observations points

Equation (5)
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in the region of interest ROI, and therefore (X,Y) is added
to the reference sigus for data in the following description.
[0058] The corrector 10551 accepts as input tissue veloc-
ity value data Vt(X,Y) output from the filter processor 1052
and calculates a value based on the tissue velocity value data
Vi(X,Y). For example, the corrector 10551 may be config-
ured to correct the tissue velocity value data Vt(X,Y). In this
case, correction by the corrector 10551 may be configured to
multiply the tissue velocity data Vt(X,Y) by a correction
coeflicient . (0<a<1). Correction methods are not limited to
multiplication, and other correction methods may be
applied.

[0059] The subtractor 10552 subtracts from the blood flow
velocity value data V1(X.Y) a value V't(X,Y) obtained by
multiplying the tissue velocity value data Vt(X,Y) by the
correction coeflicient o, in order to calculate blood flow
velocity value data V2(X,Y). FIG. 5 is an operation expla-
nation diagram pertaining to the subtractor 10552. As
described above, the blood flow velocity value data V1(X,Y)
is a data set of blood flow velocity value data V1 per set of
coordinates (X.Y) of observation points in the region of
interest ROI, the blood flow power value data P1(X,Y) is a
data set of blood flow power value data P1 per set of
coordinates (X.,Y) of observation points in the region of
interest ROI, and the tissue velocity value data Vt(X,Y) is a
data set of tissue velocity value data Vt per set of coordinates
(X,Y) of observation points in the region of interest ROIL. In
FIG. 5 to FIG. 7, FIG. 11, FIG. 12A, and FIG. 12B, for
convenience, blood flow velocity value data V1(X,Y) and
blood flow power value data P1(X,Y) are correlated with
coordinates (X,Y) of observation points, and mapped (V1,
P1) such that a horizontal axis is velocity value and a vertical
axis is a power value. The same applies to the blood flow
velocity value data V2.

[0060] The subtractor 10552 subtracts from the blood flow
velocity value data V1(X,Y) the correction value V't(X,Y)
obtained by multiplying the tissue velocity value data Vi(X,
Y) by the correction coeflicient ¢, in order to calculate the
blood flow velocity value data V2(X,Y). As illustrated in
FIG. 5, when comparing distribution states of data in which
a horizontal axis represents velocity value and a vertical axis
represents power value, data of a map (V2,P1) after sub-
traction processing is distributed more in the vicinity of an
origin in the horizontal direction (velocity 0) than data of the
map (V1,P1) prior to subtraction. This is because, with the
subtraction of the correction value V't(X,Y) from the blood
flow velocity value data Vt(X,Y), the map (V2,P1) of the
blood flow velocity value data V2(X.Y) is closer to the
origin in the horizontal direction than the map (V1,P1) of the
blood flow velocity value data VI(X.Y) by an amount
corresponding to the correction value V't(X,Y).

[0061] FIG. 6 is an operation explanation diagram per-
taining to the subtractor 10552 in the adaptive threshold
processor 1055. In FIG. 6, in an upper left portion of the

W

drawing, a leftmost empty circle “c” represents actual blood
flow velocity and a rightmost empty circle “o” represents
actual clutter velocity. Further, a filled circle “*” represents
blood flow velocity influenced by tissue movement and/or
probe movement, and a crosshatched circle represents clut-
ter velocity influenced by tissue movement and/or probe
movement.

[0062] As illustrated in FIG. 6, in the blood flow velocity
value data V1(X,Y), a clutter component not removed by the
filter processor 1052 is superimposed on actual blood flow
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velocity. The subtractor 10552 specifies coordinates where
clutter exists and relative size of clutter coordinates from the
tissue velocity value data Vi(X,Y) detected by the tissue
velocity detector 1054. Further, through multiplication by
the correction coeflicient «, the value Vt(X,Y) is made
closer in absolute value to clutter size, then subtracted from
the blood flow velocity value data V1(X,Y). Thus, the blood
flow velocity value data V2(X,Y) can be accurately calcu-
lated as velocity of a moving body in a living organism with
influence of tissue movement and movement of the probe
101 removed. In other words, as illustrated in the top right
of FIG. 6, blood flow velocity influenced by tissue move-
ment and/or probe movement (leftmost empty circle “o”
and clutter velocity influenced by tissue movement and/or
probe movement (rightmost empty circle “o™) are calculated
as actual blood flow velocity (filled circle “¢”) and actual
clutter velocity (crosshatched circle), respectively.

[0063] The threshold processor 10553 includes a velocity
threshold processor 10553V and a power threshold proces-
sor 10553P. The velocity threshold processor 10553V
removes from the blood flow velocity value data V2(X,Y)
data that has an absolute value of velocity equal to or less
than the velocity threshold Vth to calculate blood flow
velocity value data V3(X,Y). Thus, velocity of tissue can be
detected based on Doppler signals and a clutter component
caused by tissue movement can be adaptively removed from
the Doppler signals.

[0064] The power threshold processor 10553P may
remove from the blood flow power value data P1(X,Y) data
that has a power value equal to or less than the power value
threshold Pth, in order to calculate blood flow power value
data P2(X,Y) (second power value data). Thus, for example,
when a first power value data having a small intensity is
detected, a clutter component due to noise can be adaptively
removed, or the blood flow power value data P1(X,Y) can be
outputted unchanged as the blood flow power value data
P2(X,Y).

[0065] FIG. 7 is an operation explanation diagram per-
taining to the threshold processor 10553 in the adaptive
threshold processor 1055. In FIG. 7, for convenience, the
blood flow velocity value data V2(X,Y) and the blood flow
power value data P1(X,Y) are illustrated as a map (V2,P1)
in which a horizontal axis is velocity value and a vertical
axis is power value. The same applies to the blood flow
velocity value data V3 and the blood flow power value data
P2.

[0066] In threshold processing by the velocity threshold
processor 10553V, with blood flow velocity value data
V2(X,Y) as input, for example, multiplication by a correc-
tion coeflicient k selected from a look up table (LUT) is
performed such that for velocity values having an absolute
value in a range equal to or less than the velocity threshold
Vth the correction coeflicient k has a value of 0, and outside
this range the value of the correction coefficient k is 1,
thereby calculating blood flow velocity value data V3(X,Y).
In threshold processing by the power threshold processor
10553P, with blood flow power value data P1(X,Y) as input,
for example, multiplication by correction coeflicient k
selected from an LUT is performed such that for power
values in a range equal to or less than the power value
threshold Pth the correction coefficient k has a value of 0,
and outside this range the value of the correction coefficient
k is 1, thereby calculating blood flow power value data
P2(X.Y).
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[0067] As illustrated in FIG. 7, according to threshold
processing, in a map (V3,P2) of the blood flow velocity
value data V3(X,Y), a certain range centered on the origin
in the horizontal direction of distribution of the map (V2,P1)
of the blood flow velocity value data V2(X,Y) is removed.
As described above, the subtractor 10552 subtracts from the
blood flow velocity value data V1(X,Y) the value V't(X,Y)
obtained by multiplying the tissue velocity value data Vi(X,
Y) by the correction coeflicient ¢, thereby removing a
superimposed clutter component that is not removed by the
filter processor 1052 and performing processing that brings
the blood flow velocity value data V2(X,Y) closer to actual
blood flow velocity. Thus, the threshold processor 10553 can
remove a clutter component adapted to size and distribution
of actual blood flow velocity according to tissue velocity and
power values.

[0068] The adaptive threshold processor 1055 may be
configured to directly subtract the tissue velocity value data
Vt from the blood flow power value data P1 to calculate the
blood flow velocity value data V2.

[0069] Further, the adaptive threshold processor 1055 may
be configured to convert to 0 any power value data in the
blood flow power value data P1 that is equal to or less than
the power value threshold Pth and any velocity value data in
the blood flow velocity value data V2 corresponding to the
same observation point coordinates, in order to calculate the
blood flow velocity value data V3.

[0070] The summer 10554 sums the blood flow velocity
value data V3(X,Y) and the tissue velocity value data
Vi(X,Y) for each set of observation point coordinates in
order to calculate blood flow velocity value data V4(X,Y)
(fourth velocity value data). As a result, after removing the
clutter component by adaptive threshold processing from the
blood flow velocity value data V1(X,Y) from which the
tissue velocity value data VH(X,Y) is subtracted by the
subtractor 10552, the result is summed with the tissue
velocity value data Vi(X,Y), returning the signal to its
original state based on tissue velocity.

4. Tomographic Image Processor 106

[0071] The tomographic image processor 106 performs
envelope detection and logarithmic compression with
respect to acoustic line signals pertaining to one transmis-
sion event generated by the reception beamformer 104, in
order to generate one frame of B mode image data. Gener-
ated B mode image data is outputted to the image generator
107 and the data storage 109.

5. Image Generator 107

[0072] The image generator 107 is a circuit that performs
color tone conversion on CFM signals (velocity value data
V4(X.Y)) generated by the CFM processor 105 and super-
imposes the result on a B mode tomographic image genet-
ated by the tomographic processor 106 to generate a color
Doppler image. Further, the image generator 107 may pet-
form color tone conversion on CFM signals (power value
data P2(X,Y)) generated by the CFM processor 105 and
superimpose the result on a B mode tomographic image
generated by the tomographic processor 106 to generate a
power Doppler image.

[0073] Inthe case of generating a color Doppler image, the
following processing is performed. The image generator 107
first converts a coordinate system of CFM signals (velocity
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value data V4(X,Y)) to an orthogonal coordinate system.
Next, an average velocity V of each observation point is
converted to color information to generate color flow infor-
mation. At this time, conversion may be performed such
that, for example, (1) a direction towards the probe is red and
a direction away from the probe is blue, and (2) the greater
an absolute value of velocity, the higher saturation and the
smaller the absolute value of velocity, the lower the satura-
tion. More specifically, the absolute value of a velocity
component towards the probe is converted to a red lumi-
nance value, and the absolute value of a velocity component
away from the probe is convened to a blue luminance value.
The image generator 107 may further receive a signal T
indicating velocity dispersion from the CFM processor 105,
and convert the dispersion value into a green luminance
value. In this way, it is possible to indicate a position in
which turbulence occurs. Finally, the image generator 107
superimposes the color flow information described above on
the B mode tomographic image generated by the tomo-
graphic image processor 106 to generate a color Doppler
image. The color Doppler image is outputted to the display
108.

[0074] Inthe case of generating a color Doppler image, the
following processing is performed. The image generator 107
first converts a coordinate system of CFM signals (power
value data P2(X,Y)) to an orthogonal coordinate system.
Next, power P for each set of observation points is convened
to color information to generate power Doppler information.
At this time, for example, conversion is performed such that
the greater intensity of a phase difference signal, the higher
the luminance and the smaller the intensity of the phase
difference signal, the lower the luminance. More specifi-
cally, a point where blood flow power is equal to or above
a defined value is indicated by bright yellow, a point where
blood flow power is less than the defined value is indicated
by dark orange, and a point where blood flow power can be
regarded as zero is indicated as colorless (transparent).
Finally, the image generator 107 superimposes the color
information described above on the B mode tomographic
image generated by the tomographic image processor 106 to
generate a power Doppler image. The power Doppler image
is outputted to the display 108.

<Operations>

[0075] The following describes operations of the ultra-
sound diagnostic device 100 configured as described above.
[0076] FIG. 8 is a flowchart illustrating operations of the
ultrasound diagnostic device 100. In the following descrip-
tion of operations, coordinates X and Y of observation points
are replaces by indices i and j, respectively.

[0077] First, in step S10, a region of interest (ROI) is set.
As a method of setting the region of interest, for example, a
B mode tomographic image acquired in advance is displayed
on the display 108 and a user is instructed to designate the
region of interest through an input unit (not illustrated) such
as a touch panel, mouse, trackball, or the like. The method
of setting the region of interest is not limited to this example.
As other examples, an entire region of the B mode tomo-
graphic image may be the region of interest, or a constant
range including a central portion of the B mode tomographic
image may be the region of interest.

[0078] Next, the reception beamformer 104 transmits and
receives ultrasound to and from a region in a subject
including the region of interest, and generates a reception
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signal sequence based on reflected ultrasound (step S20).
More specifically, an RF signal is generated based on one or
more transmission events and reflected ultrasound required
to generated a one-frame reception signal sequence, and a
plurality of RF signals are arranged in a time sequence to
generate a reception signal sequence according to reception
processing.

[0079] Next, a B mode tomographic image is generated
(step S30). More specifically, the reception beamformer 104
performs delay and sum processing on the reception signal
sequence obtained in step S20 to generate an acoustic line
signal, and the tomographic image processor 106 performs
envelope detection and logarithmic compression with
respect to the acoustic line signal in order to generate a B
mode tomographic image. Generated B mode image data is
outputted to the image generator 107 and the data storage
109.

[0080] Next, transmission and reception of ultrasound to
and from the region of interest is performed multiple times,
and a process of generating a reception signal sequence
based on reflected ultrasound is performed for each ultra-
sound transmission (step S40). More specifically, at least
one transmission event set is performed, an RF signal is
generated based on reflected ultrasound for each transmis-
sion event included in a transmission event set, and a
reception signal sequence is generated according to recep-
tion processing.

[0081] Next, a delay-and-sum process is performed with
respect to the reception signal sequence obtained by the
reception beamformer 104 in order to generate an acoustic
line signal (step S50).

[0082] Next, the quadrature detector 1051 performs
quadrature detection with respect to RF signals and gener-
ates a complex Doppler signal Z1 (step S60). As a result, an
ensemble is acquired for each observation point in the region
of interest.

[0083] Next, the filter processor 1052 performs MTI filter
processing with respect to the complex Doppler signal 71,
and by removing a signal having a frequency lower than a
defined cutoff frequency Afc, the complex Doppler signal 72
is generated having a reduced clutter component and a blood
flow component that passes the filter processing (step S70).

[0084] Next, the blood flow calculator 1053 accepts the
complex Doppler signal Z2 as input. calculates blood flow
with respect to the complex Doppler signal Z2 correspond-
ing to each observation point, and calculates the blood flow
velocity value data V1 (step S80). As blood flow calculation,
after making each complex Doppler signal extracted from an
ensemble a combination of an I component I' and a Q
component Q', for each observation point, a phase change
indicated by the combination of the I component I' and the
Q component Q' in the ensemble can be calculated.

[0085] More specifically, a Doppler shift amount for each
observation point derived from a phase change A8 and phase
change rate w between complex Doppler signals 7, 7., ,,
obtained from nth and (n+1)th transmission events is cal-
culated via autocorrelation calculation between the conju-
gate complex number Z,* of the complex Doppler signal Z,,
and the complex Doppler signal Z _ |, and the blood flow
velocity value data V1(i,j) is calculated from the Doppler
shift amounts. Further, the power value data P1(i,j) is
calculated based on the complex Doppler signal Z obtained
from each transmission event.
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[0086] The tissue velocity detector 1054 accepts the com-
plex Doppler signal Z1 as input, calculates tissue velocity
with respect to the complex Doppler signal Z1 correspond-
ing to each observation point, and calculates the tissue
velocity value data Vt (step S90). Calculation of the tissue
velocity is by the same processing as in step S80. That is, a
Doppler shift amount for each observation point derived
from a phase change A8 and phase change rate w between
complex Doppler signals 7 , Z, ., obtained from nth and
(n+1)th transmission events is calculated via autocorrelation
calculation between the conjugate complex number 7 * of
the complex Doppler signal 7, and the complex Doppler
signal 7 ,,, and the tissue velocity value data Vt(i,j) is
calculated from the Doppler shift amounts. Further, the
tissue power value data Pt(i,j) may be calculated based on
the complex Doppler signal Z obtained from each transmis-
sion event. The tissue velocity value data Vt(i,j) can be
calculated in view of calculated tissue power value data
Pt(ij). For example, there is a high possibility that a portion
where the tissue power value data Pt(i,j) is equal to or less
than a defined threshold is a large blood vessel such as a
carotid artery, and a process of setting a value of tissue
velocity value data Vt(i,j) to zero may be performed. The
reason for this is that if tissue velocity is subtracted front a
large blood flow such as that of a carotid artery, there is a
possibility of subtraction from the blood flow occurring.
[0087] Next, the adaptive threshold processor 1055
accepts the blood flow velocity value data V1(i,j), the blood
flow power value data P1(i,j), and the tissue velocity value
data V1(i,)) as input, performs adaptive threshold processing,
and calculates the blood flow velocity value data V4(i,j) and
the blood flow power value data P2(ij) (step S100). More
specifically, for each set of observation point coordinates,
the blood flow velocity value data V2(i,j) is calculated based
on the blood flow velocity value data V1(i,j) and the tissue
velocity value data Vt(i,)), and velocity of the blood flow
velocity value data V2(i,j) is corrected to an absolute value
equal to or less than the velocity threshold Vth to calculate
the blood flow velocity value data V3. Further, in the blood
flow power value data P1(i,j), a power value equal to or less
than the power value threshold Pth may be assumed to be
noise and removed in order to calculate the blood flow
power value data P2(i,j).

[0088] FIG. 9is a flowchart illustrating adaptive threshold
processing in step S100. After initializing the indices i and
j that indicate observation point coordinates X and Y (steps
S110 and S111), the corrector 10551 multiplies the tissue
velocity value data Vt(i,j) outputted from the filter processor
1052 by the correction coefficient o (0<a<1) (step S120).
[0089] Next, the subtractor 10552 subtracts from the blood
flow velocity value data V1(i,)) the value V't(i,j) obtained by
multiplying the tissue velocity value data Vt(i,j) by the
correction coeflicient a, in order to calculate the blood flow
velocity value data V2(i,j) (step S121). Next, whether or not
the blood flow velocity value data V2(i,)) exceeds zero is
determined (step S121). If not, V2(i,j)=0 and processing
proceeds to step S130. If V2(i,)) exceeds zero, processing
proceeds to step S130.

[0090] Next, in step S130, the threshold processor 10553
multiplies the blood flow velocity value data V2(i,j) and the
power value data P1(i,j) by a correction coeflicient k of a
corresponding LUT. More specifically, the velocity thresh-
old processor 10553V selects the correction coefficient k
from an LUT such that in a range in which an absolute value
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of velocity is equal to or less than the velocity threshold Vth
the correction coefficient k is 0, and outside that range the
correction coeflicient k is 1, then multiplies the blood flow
velocity value data V2(i,j) by the correction coefficient k to
calculate the blood flow velocity value data V3(ij). The
power threshold processor 10553P selects the correction
coeflicient k from an LUT such that in a range in which
equal to or less than the power value threshold Pth the
correction coefficient k is 0, and outside that range the
correction coeflicient k is 1, then multiplies the power value
data P1(i,j) by the correction coefficient k to calculate the
power value data P3(i.)).

[0091] Next, in step S140, the absolute value of the tissue
velocity value data Vt(i,j) is added to the velocity value data
V2(i,j) to calculate the velocity value data V4(i,j). Thus,
after a clutter component is removed by adaptive threshold
processing subtracting the tissue velocity value data Vt(i,j)
from the blood flow velocity data V1(i,j) in step S121, the
tissue velocity value data Vi(i,j) is added in step S140,
returning the signal to its original state based on the tissue
velocity. Next, whether or not j exceeds a depth maximum
value is determined (step S150). If not, j is incremented (step
S151) and processing returns to step S120. If it does,
whether or not 1 exceeds an azimuth direction maximum
value is determined (step S152). If not, i is incremented (step
S153) and processing returns to step S111. If it does,
processing ends.

[0092] Next, returning to FIG. 8, in step S200, the image
generator 107 generates color Doppler image data by per-
forming color tone conversion on the blood flow velocity
value data V4(i,j) generated by the CFM processor 105. By
performing color tone conversion on the blood flow power
value data P2(i,j) generated by the CFM processor 105,
power Doppler image data may be generated (step S200).
For color tone conversion, with regard to average velocity
included in an input signal, direction is converted into color
and size is converted into luminance.

[0093] Finally, a Doppler image is displayed (step S300).
More specifically, the image generator 107 superimposes the
color Doppler image or power Doppler image generated in
step S200 on the B mode tomographic image generated in
step S30, and causes the result to be displayed by the display
108.

Effects

[0094] The following is a description of effects of clutter
removal by the ultrasound signal processing device 150.

1. Embodiment and Reference Example

[0095] The inventor performed an evaluation of effects of
clutter removal by the ultrasound signal processing device
150. An embodiment is specified using the configuration of
the CFM processor 105 illustrated in FIG. 2 in the ultra-
sound signal processing device 150 illustrated in FIG. 1.

[0096] FIG. 10A is a function block diagram of a CFM
processor 105X pertaining to a reference example. The
reference example is specified using the configuration of the
CFM processor 105X illustrated in FIG. 10A in the ultra-
sound signal processing device 150 illustrated in FIG. 1. The
CFM processor 105X has a configuration such that the tissue
velocity detector 1054 is removed from the CFM processor
105 and the adaptive threshold processor 1055 is replaced
with a threshold processor 1055X. FIG. 10B is a function
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block diagram of the threshold processor 1055X. The thresh-
old processor 1055X is equivalent to the adaptive threshold
processor 1055 from which everything aside from the
threshold processor 10553 is removed. In the threshold
processor 1055X, the velocity threshold processor 10553V
accepts as input the velocity value data V1(X.Y) outputted
from the filter processor 1052, and calculates the velocity
value data V3(X,Y) by removing from the velocity value
data V1(X,Y) absolute velocity values equal to or less than
the velocity threshold Vth. The power threshold processor
10553P removes from the blood flow power value data
P1(X,Y) data that has a power value equal to or less than the
power threshold Pth, in order to calculate the blood flow
power value data P2(X,Y). FIG. 11 is an operation expla-
nation diagram pertaining to the threshold processor 1055X.
Threshold processing in the velocity threshold processor
10553V is the same as the processing illustrated in FIG. 7,
except that the input signal is the velocity value data
V1(X,)Y) output from the filter processor 1052. Further,
threshold processing in the power threshold processor
10553P is the same as the processing illustrated in FIG. 7.

2. BEvaluation Results

[0097] First, distribution of velocity value data and power
value data obtained by the embodiment and the reference
example are compared.

[0098] FIG. 12A is a velocity/power distribution diagram
illustrating distribution of velocity data and power data for
each set of observation point coordinates in a region of
interest according to processing by the adaptive threshold
processor 1055 of the embodiment, and FIG. 12B is a
velocity/power distribution diagram illustrating distribution
of velocity data and power data for each set of observation
point coordinates in a region of interest according to pro-
cessing by the threshold processor 1055X of the reference
example. According to FIG. 12A and FIG. 12B, data is
removed in a certain range around the origin of the hori-
zontal axis due to threshold processing. It can be seen that
in the area indicated as Al in FIG. 12A pertaining to the
embodiment, distribution density of data on both left and
right sides of the data removal range is less than in the area
indicated as B1 in FIG. 12B pertaining to the reference
example. Considering this result, according to the embodi-
ment, along with subtraction of the correction amount V't
(X,Y) of the velocity value data Vt(X,Y), in the input stage
of threshold processing, in the velocity/power distribution
diagram pertaining to the embodiment, distribution of data
is shifted towards the origin of the horizontal axis by an
amount corresponding to the correction value V't(X,Y), and
therefore more data is removed in the data removal range
than in the velocity/power distribution diagram pertaining to
the reference example. From this state, furthermore, in the
embodiment, by performing threshold processing, more data
in the data removal range is removed.

[0099] The following is a comparison of display images
according to the embodiment and the reference example.
FIG. 13A and FIG. 13B are color Doppler images of a finger
joint side cross section and FIG. 14A and FIG. 14B are
power Doppler images of the finger joint side cross section.
FIG. 13A and FIG. 14A illustrate a case of processing
according to the adaptive threshold processor 1055 pertain-
ing to the embodiment and FI1G. 13B and FIG. 14B illustrate
a case of processing according to the threshold processor
1055X pertaining to the reference example. It can be seen
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that bright spots due to clutter in regions indicated as B2, B3,
and B4 in FIG. 13B and FIG. 14B pertaining to the reference
example are reduced in regions indicated as A2, A3, and A4
in FIG. 13A and FIG. 14A pertaining to the embodiment.

<Partial Summary>

[0100] As described above, the ultrasound signal process-
ing device pertaining to the present embodiment includes the
following features: a quadrature detector that generates, for
each detection wave, a first complex Doppler signal
sequence through quadrature detection of a reception
sequence; a tissue velocity detector that generates tissue
velocity value data by calculating velocity values for each
set of coordinates of observation points in a region of
interest from the first complex Doppler signal sequence; a
filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter pro-
cessing on the first complex Doppler signal sequence; a
blood flow calculator that generates first velocity value data
by calculating velocity values for each set of coordinates of
the observation points from the second complex Doppler
signal sequence; and an adaptable threshold processor that
generates, for each set of coordinates of the observation
points, (i) second velocity value data based on the first
velocity value data and the tissue velocity value data, and (ii)
third velocity value data by applying a correction to velocity
values of the second velocity value data that have an
absolute value equal to or less than a velocity threshold.
[0101] According to this configuration, velocity of tissue
can be detected based on Doppler signals and a clutter
component caused by tissue movement can be adaptively
removed from the Doppler signals. This makes it possible to
extract the blood flow component with high accuracy while
reliably removing the clutter component. Thus, the blood
flow component can be extracted with high accuracy and
Doppler image quality can be improved.

[0102] According to a conventional method of applying
motion correction detected from a B mode tomographic
image to a corresponding Doppler image, a correction value
for the Doppler image is calculated from the B mode
tomographic image based on echo signals pertaining to a
different transmission and reception, and therefore when the
movement velocity of tissue with respect to a probe is high,
there is a problem that excess or deficiency occurs in the
magnitude of the clutter component to be removed, and the
clutter cannot be sufficiently removed.

[0103] However, according to the ultrasound signal pro-
cessing method pertaining to the present embodiment, a
clutter component is detected from a signal from the same
transmission and reception sequence as the Doppler signal to
be corrected, and where the clutter signal exists in the same
range as the Doppler signal, adaptive correction is pet-
formed according to size of the clutter component, and
therefore Doppler image quality is improved when com-
pared with a conventional clutter removal method in which
transmission and reception sequences are different for acqui-
sition of a signal used to determine a correction value and
acquisition of a signal to be corrected.

Modifications

[0104] According to Embodiment 1, in the processing of
step S100 by the adaptive threshold processor 1055, in step
S130, the threshold processor 10553 calculates the velocity
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value data V3(i,j) by multiplying the blood flow velocity
value data V2(i,j) and the power value data P2(i,j) by the
correction coeflicient k from corresponding LUTS. and then,
in step S140, the absolute value of the tissue velocity value
data Vit(i,j) is added to the velocity value data V3(i,).
Further, the correction coefficient k is selected from an LUT
such that, for a range of absolute velocity values equal to or
less than the velocity threshold Vth the correction coefficient
kis 0 and outside this range the correction coeflicient k is 1,
and the velocity value data V3(i,j) is calculated by multi-
plying the velocity value data V2(i,j) by the correction
coeflicient k. However, it is also possible to adopt the
following method of adaptively changing the correction
coeflicient k of the LUT according to the tissue velocity
value data V1(i.j).

Operations

[0105] The following is a description of processing by the
adaptive threshold processor 1055 pertaining to a modifica-
tion, with reference to FIG. 15. FIG. 15 is a flowchart
illustrating processing by the adaptive threshold processor
1055 pertaining to a modification. Operations that are the
same as in FIG. 9 are assigned the same step numbers, and
description thereof is not repeated here.

[0106] In step S131A, the threshold processor 10553
extracts a correction coefficient km of an LUT correspond-
ing to the blood flow velocity value data V2(i,j) and the
blood flow power value data P1(i,j). The correction coeffi-
cient km, in a range 0<km<lI, for example, is adaptively
determined according to the blood flow velocity value data
V2(i,) and the power value data P1(i) for each set of
observational coordinates i,j. As a result, the correction
coefficient km can be set for each set of observational
coordinates i, j, reflecting distribution of the tissue velocity
value data Vi(i.j) and the tissue power value data Pt(i,j).

[0107] Next, in step S132A, the threshold processor 10553
multiplies the blood flow velocity value data V2(i,j) and the
power value data P1(i,j) by the correction coeflicient km for
each set of observational coordinates i,j, in order to generate
the blood flow velocity value data V3(ij) and the power
value data P2(i,j).

[0108] Next, in FIG. 8, in step S200, the image generator
107 generates color Doppler image data by performing color
tone conversion on the blood flow velocity value data V3(i,j)
generated by the CFM processor 105. By performing color
tone conversion on the blood flow power value data P2(i,j)
generated by the CFM processor 105, power Doppler image
data may be generated (step S200).

<Partial Summary>

[0109] As described above, in an ultrasound signal pro-
cessing device that uses the adaptive threshold processor
1055A pertaining to a modification, a configuration is
adopted that generates velocity value data V3(X,Y) by
calculating a coeflicient km applicable to data in which
velocity values of blood flow velocity value data V2(X,Y)
have an absolute value equal or less than a velocity threshold
Vth, and multiplying the velocity value data V2(X,Y) by the
coeflicient km. Further, the ultrasound signal processing
device may be configured to generate power value data
P2(X,Y) by calculating a coeflicient km applicable to data in
which power values of blood flow power value data P1(X,Y)
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have an absolute value equal to or less than a power value
threshold Pth. and multiplying the power value data P1(X,Y)
by the coefficient kin.

[0110] Further, the ultrasound signal processing device
may be configured such that the blood flow calculator
further generates first power value data P1(X,Y) by calcu-
lating a power value for each set of coordinates of the
observation points from the second complex Doppler signal
sequence; the adaptive threshold processor 1055A generates
second power value data P2(X,Y) by calculating a coeffi-
cient km applicable to data in which the velocity values of
the second velocity value data V2(X,Y) have an absolute
value equal to or less than a velocity value threshold Vth,
and multiplying the first power value data P1(X,Y) by the
coeflicient km; and the image generator 107 further gener-
ates power Doppler image data based on the second power
value data P2(X,Y).

[0111] According to this configuration, it is possible to
eliminate processing summing the velocity value data V3(i,
j) with absolute values of the tissue velocity value data
Vt(i,j). Thus, in addition to the effects according to Embodi-
ment 1, it is possible to reduce computation and processing
load, leading to an increase in processing speed.

[0112] According to the ultrasound signal processing
device, the ultrasound signal processing method, and the
ultrasound diagnostic device that makes use of same, each
pertaining to an aspect of the present invention, velocity of
tissue is detected based on a Doppler signal and a clutter
component caused by movement of the tissue in the Doppler
signal can be adaptively removed according to the velocity
of the tissue. Thus, a blood flow component can be extracted
with high accuracy, and Doppler image quality can be
improved.

Other Modifications

[0113] (1) According to the embodiments and modifica-
tions, an MTTI filter is implemented with respect to complex
Doppler signals or complex acoustic line signals obtained by
quadrature detection as complex numbers for which an I
component is a real part and a Q component is an imaginary
part. However, for example, an MTI filter may be imple-
mented for an I component and a Q component indepen-
dently of each other. In such a case, for example, instead of
the filter processor 1052, the CMF processor includes two
filter processors that do not include a complexing unit or an
imaginary/real separation unit, and MTI filtering can be
implemented such that with respect to the I component, one
filter processor creates a filter based on the real number
component and applies the filter to the real number compo-
nent and with respect to the Q component, the other filter
processor creates a filter based on the real number compo-
nent and applies the filter to the real number component. In
this case, the two filter processors may use the same region
as a filter source region.

[0114] (2) According to the embodiments and modifica-
tions, the CFM processor 105 generates a CFM signal based
on the reception signal. However, for example, the CFM
processor may generate a CFM signal based on an acoustic
line signal after delay-and-sum processing. In this case, the
reception beamformer generates an acoustic line signal by
performing delay-and-sum for each transmission event
when generating an ensemble, and the CFM processor
performs quadrature detection on the acoustic line signal to
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generate a complex acoustic line signal, and performs veloc-
ity analysis after performing MTI filter processing on the
complex acoustic line signal.

[0115] According to Embodiment 1, an RF signal used for
generating a B mode image is acquired separately from an
RF signal used for generating a CFM signal, but an RF
signal used for generating a B mode image may be used as
a first ensemble. Further, when a CFM signal is generated
based on an acoustic line signal after delay-and-sum, an
acoustic line signal for generating a B mode signal may be
used as the first ensemble.

[0116] (3) The adaptive threshold processor may further
convert to 0 all velocity values of the second velocity value
data V2 corresponding to coordinates of observation points
associated with power values of the first power value data
P1(X,Y) that are equal to or less than the power value
threshold Pth, in order to generate the third velocity value
data V3.

[0117] According to this configuration, for example, it is
possible to adaptively remove from the second velocity
value data V2 a clutter component caused by noise, by
detecting the first power value data P1 having a small signal
intensity, and it is possible to improve Doppler image quality
by accurate extraction of a blood flow component.

[0118] Further, the adaptive threshold processor may gen-
erate the second power value data P2 by removing power
values from the first power value data P1 that are equal to or
less than the power value threshold Pth, and the image
generator may generate power Doppler image data based on
the second power value data P2.

[0119] According to this configuration, for example, it is
possible to adaptively remove from the power Doppler
signal a clutter component caused by noise, by detecting the
first power value data P1 having a small signal intensity, and
it is possible to improve power Doppler image quality.
[0120] Further, the adaptive threshold processor may gen-
erate the third velocity value data V3 by calculating a
coeflicient applicable to data in which the velocity values of
the second velocity value data V2 have an absolute value
equal to or loss than the velocity threshold Vth, and multi-
plying the second velocity value data V2 by the coefficient.
[0121] According to this configuration, it is possible to
eliminate processing summing the third velocity value data
V3 with absolute values of the tissue velocity value data Vt.
Thus, in addition to adaptively removing a clutter compo-
nent from a Doppler signal by detecting the tissue velocity
Vt based on a Doppler signal, it is possible to reduce
calculation and a processor load.

[0122] Further, the tissue velocity detector may further
calculate tissue power value data Pt by calculating a power
value for each set of coordinates of the observation points,
and the adaptive threshold processor may, when generating
the third velocity value data V3, further convert to 0 velocity
values of the second velocity value data V2 corresponding
to coordinates of observation points associated with power
values of the tissue power value data that are equal to or less
than a tissue power value threshold.

[0123] According to this configuration, it is possible to
eliminate processing summing the third velocity value data
V3 with absolute values of the tissue power value data Pt.
Thus, it is possible to adaptively remove a clutter component
from a power Doppler signal by detecting the tissue velocity
Vt and power Pt based on a Doppler signal, and in addition
to improving power Doppler image quality by accurate



US 2019/0150897 A1

extraction of a blood flow component, it is possible to reduce
calculation and a processor load.

[0124] (4) The present disclosure describes the embodi-
ments above, but the present disclosure is not limited to
these embodiments, and the following examples are also
included in the scope of the present invention.

[0125] For example, the present invention may be a com-
puter system including a microprocessor and a memory, the
memory storing a computer program and the microprocessor
operating according to the computer program. For example,
the present invention may be a computer system that oper-
ates (or instructs operation of connected elements) according
to a computer program of a diagnostic method of an ultra-
sound diagnostic device of the present invention.

[0126] Further, examples in which all or part of the
ultrasound diagnostic device, or all or part of a beamforming
section are constituted by a computer system including a
microprocessor, a storage medium such as ROM, RAM, etc.,
a hard disk unit, and the like, are included in the present
invention. A computer program for achieving the same
operations as the devices described above may be stored in
RAM or a hard disk unit; the microprocessor operating
according to the computer program. thereby realizing the
functions of each device.

[0127] Further, all or part of the elements of each device
may be configured as one system large scale integration
(LSD). A system LSI is an ultra-multifunctional LSI manu-
factured by integrating a plurality of elements on one chip,
and more specifically is a computer system including a
microprocessor, ROM, RAM, and the like. The plurality of
elements can be integrated on one chip, or a portion may be
integrated on one chip. Here, LSI may refer to an integrated
circuit, a system LS, a super LSI, or an ultra LSI, depending
on the level of integration. A computer program for achiev-
ing the same operation as the devices described above may
be stored in the RAM. The microprocessor operates accord-
ing to the computer program, the system LSI thereby real-
izing the functions. For example, a case of the beamforming
method of the present invention stored as a program of an
LSI, the LST inserted into a computer, and a defined program
(beamforming method) being executed is also included in
the present invention.

[0128] Note that methods of circuit integration are not
limited to LSI, and implementation may be achieved by a
dedicated circuit or general-purpose processor. After LSI
manufacture, a field programmable gate array (FPGA) or a
reconfigurable processor, in which circuit cell connections
and settings in the LSI can be reconfigured, may be used.

[0129] Further, if a circuit integration technology is intro-
duced that replaces LSI due to advances in semiconductor
technology or another derivative technology, such technol-
ogy may of course be used to integrate the function blocks.
[0130] Further, all or part of the functions of an ultrasonic
diagnostic device pertaining to at least one embodiment may
be implemented by execution of a program by a processor
such as a CPU. The present invention may be a non-
transitory computer-readable storage medium on which a
program is stored that causes execution of an MTI filter or
velocity analysis of an ultrasound diagnostic device
described above. A program and signals may be recorded
and transferred on a storage medium so that the program
may be executed by another independent computer system,
or the program may of course be distributed via a transmis-
sion medium such as the Internet.
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[0131] Alternatively, each component element of an ultra-
sound diagnostic device pertaining to an embodiment may
be implemented by a programmable device such as a central
processing unit (CPU), a graphics processing unit (GPU), a
processor, or the like, and software. The case of implemen-
tation using a GPU refers to general purpose computing on
a graphics processing unit (GPGPU). These component
elements can each be a single circuit component or an
assembly of circuit components. Further, a plurality of
component elements can be combined into a single circuit
component or can be an aggregate of a plurality of circuit
components.

[0132] According to an ultrasound diagnostic device per-
taining to at least one embodiment, the ultrasound diagnostic
device includes a data storage as a storage device. However,
the storage device is not limited to this example and a
semiconductor memory, hard disk drive, optical disk drive,
magnetic storage device, or the like may be externally
connectable to the ultrasound diagnostic device.

[0133] Further, the division of function blocks in the block
diagrams is merely an example, and a plurality of function
blocks may be implemented as one function block, one
function block may be divided into a plurality, and a portion
of a function may be transferred to another function block.
Further, a single hardware or software element may process
the functions of a plurality of function blocks having similar
functions in parallel or by time division.

[0134] Further, the order in which steps described above
are executed is for illustrative purposes, and the steps may
be in an order other than described above. Further, a portion
of the steps described above may be executed simultane-
ously (in parallel) with another step.

[0135] Further, the ultrasound diagnostic device is
described as having an externally connected probe and
display, but may be configured with an integral probe and/or
display.

[0136] Further, according to at least one embodiment, a
probe configuration is illustrated in which a plurality of
piezoelectric elements are arranged along a one-dimensional
direction. However, probe configuration is not limited to
this. For example, a two-dimensional transducer array in
which a plurality of piezoelectric transducers are arrayed on
a two-dimensional plane or a rocking-type probe that
acquires a three-dimensional tomographic image by
mechanical rocking of a plurality of transducers arranged
along a one-dimensional direction may be used as appro-
priate, depending on measurement requirements. For
example, when a probe with a two-dimensional array is
used, irradiation position and direction of a transmitted
ultrasound beam can be controlled by changes to timing of
voltage application and voltage value applied to individual
piezoelectric transducers.

[0137] Further, a portion of functions of transmitters and
receivers may be included in the probe. For example, a
transmission electrical signal may be generated and con-
verted to ultrasound in the probe, based on a control signal
for generating a transmission electrical signal outputted
from the transmitter. It is possible to use a configuration that
converts received reflected ultrasound into a reception elec-
trical signal and generates a reception signal based on the
reception electrical signal in the probe.

[0138] Further, at least a portion of functions of each
ultrasound diagnostic device pertaining to an embodiment,
and each modification thereof, may be combined. Further,
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the numbers used above are all illustrative, for the purpose
of explaining the present invention in detail, and the present
invention is not limited to the example numbers used above.
[0139] Further, the present invention includes various
modifications that are within the scope of conceivable ideas
by a person skilled in the art.

<<Review>>

[0140] An ultrasound signal processing device pertaining
to an embodiment of the present disclosure is an ultrasound
signal processing device that calculates blood flow informa-
tion by driving a plurality of transducers arranged in an
ultrasound probe to execute ultrasound transmission and
reception with respect to a subject, the ultrasound signal
processing device including ultrasound signal processing
circuitry, the ultrasound signal processing circuitry compris-
ing: a transmitter that transmits, a plurality of times, via the
plurality of transducers, detection waves to a region of
interest denoting a range to be analyzed in the subject; a
reception beamformer that generates, for each of the detec-
tion waves, a reception signal sequence based on reflected
ultrasound from the subject received in a time sequence by
the plurality of transducers; a quadrature detector that gen-
erates, for each of the detection waves, a first complex
Doppler signal sequence through quadrature detection of the
reception signal sequence; a tissue velocity detector that
generates tissue velocity value data by calculating velocity
values for each set of coordinates of observation points in
the region of interest from the first complex Doppler signal
sequence, a filter processor that generates a second complex
Doppler signal sequence by performing clutter removal filter
processing on the first complex Doppler signal sequence; a
blood flow calculator that generates first velocity value data
by calculating velocity values for each set of coordinates of
the observation points from the second complex Doppler
signal sequence; an adaptable threshold processor that gen-
erates, for each set of coordinates of the observation points,
(1) second velocity value data based on the first velocity
value data and the tissue velocity value data, and (ii) third
velocity value data by applying a correction to velocity
values of the second velocity value data that have an
absolute value equal to or less than a velocity threshold; and
an image generator that generates, for each set of coordi-
nates of the observation points, color Doppler image data
based on the third velocity value data.

[0141] According to this configuration, velocity of tissue
can be detected based on Doppler signals and a clutter
component caused by tissue movement can be adaptively
removed from the Doppler signals. This makes it possible to
extract the blood flow component with high accuracy while
reliably removing the clutter component. Thus, the blood
flow component can be extracted with high accuracy and
Doppler image quality can be improved.

[0142] Further, according to this configuration, a clutter
component is detected from a signal from the same trans-
mission and reception sequence as the Doppler signal to be
corrected, and where the clutter signal exists in the same
range as the Doppler signal, adaptive correction is per-
formed according to size of the clutter component, and
therefore Doppler image quality is improved when com-
pared with a conventional clutter removal method in which
transmission and reception sequences are different for acqui-
sition of a signal used to determine a correction value and
acquisition of a signal to be corrected.
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[0143] According to at least one embodiment, the tissue
velocity detector further generates, for each set of coordi-
nates of the observation points, fourth velocity value data by
summing the third velocity value data and the tissue velocity
value data, and the image generator generates the color
Doppler image data based on the fourth velocity value data.

[0144] According to this configuration, after removing the
clutter component by adaptive threshold processing from the
first velocity value data from which the tissue velocity value
data is subtracted by the subtractor 10552, the result is
summed with the tissue velocity value data, returning the
signal to its original state based on tissue velocity.

[0145] According to at least one embodiment, the adaptive
threshold processor generates the second velocity value data
by subtracting values based on the tissue velocity value data
from the first velocity value data. According to at least one
embodiment, the values the adaptive threshold processor
subtracts from the first velocity value data to generate the
second velocity value data are the products of multiplication
of the tissue velocity data by correction coeflicients. Accord-
ing to at least one embodiment, the adaptive threshold
processor generates the third velocity value data by sub-
tracting velocity value data of absolute value equal to or less
than a velocity threshold from the second velocity value
data.

[0146] According to this configuration, an ultrasound sig-
nal processing device can be implemented that detects
velocity of tissue based on Doppler signals in order to
adaptively remove a clutter component from the Doppler
signals.

[0147] According to at least one embodiment, the adaptive
threshold processor, when generating the third velocity
value data, further converts to 0 velocity values of the
second velocity value data corresponding to coordinates of
observation points associated with power values of first
power value data that are equal to or less than a power value
threshold.

[0148] According to this configuration, for example, it is
possible to adaptively remove from the second velocity
value data a clutter component caused by noise, by detecting
the first power value data having a small signal intensity, and
it is possible to improve Doppler image quality by accurate
extraction of a blood flow component.

[0149] According to at least one embodiment the blood
flow calculator further generates first power value data by
calculating a power value for each set of coordinates of the
observation points from the second complex Doppler signal
sequence, the adaptive threshold processor further generates
second power value data by removing from the first power
value data power values that are equal to or less than a power
value threshold, and the image generator further generates
power Doppler image data based on the second power value
data.

[0150] According to this configuration, for example, it is
possible to adaptively remove from the power Doppler
signal a clutter component caused by noise, by detecting the
first power value data having a small signal intensity, and it
is possible to improve power Doppler image quality by
accurate extraction of a blood flow component.

[0151] According to at least one embodiment, the adaptive
threshold processor generates the third velocity value data
by calculating a coefficient applicable to data in which the
velocity values of the second velocity value data have an
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absolute value equal to or less than the velocity threshold,
and multiplying the second velocity value data by the
coefficient.

[0152] According to this configuration, it is possible to
eliminate processing summing the third velocity value data
with absolute values of the tissue velocity value data. Thus,
in addition to adaptively removing a clutter component from
a Doppler signal by detecting the tissue velocity based on a
Doppler signal, it is possible to reduce calculation and a
processor load, leading to faster processing.

[0153] According to at least one embodiment the blood
flow calculator further generates first power value data by
calculating a power value for each set of coordinates of the
observation points from the second complex Doppler signal
sequence, the adaptive threshold processor generates second
power value data by calculating a coeflicient applicable to
data in which the velocity values of the second velocity
value data have an absolute value equal to or less than a
velocity value threshold, and multiplying the first power
value data by the coeflicient, and the image generator further
generates power Doppler image data based on the second
power value data.

[0154] According to at least one embodiment, the tissue
velocity detector further calculates tissue power value data
by calculating a power value for each set of coordinates of
the observation points, and the adaptive threshold processor,
when generating the third velocity value data, further con-
verts to 0 velocity values of the second velocity value data
corresponding to coordinates of observation points associ-
ated with power values of the tissue power value data that
are equal to or less than a tissue power value threshold.
[0155] According to these configurations, it is possible to
eliminate processing summing the third velocity value data
with absolute values of the tissue velocity value data. Thus,
it is possible to adaptively remove a clutter component from
a power Doppler signal by detecting the tissue velocity and
power based on a Doppler signal, and in addition to improv-
ing power Doppler image quality by accurate extraction of
a blood flow component, it is possible to reduce calculation
and a processor load, leading to faster processing.

[0156] Further, an ultrasound diagnostic device pertaining
to at least one embodiment comprises the ultrasound signal
processing device according to any one embodiment; and
the ultrasound probe.

[0157] According to this configuration, an ultrasound
diagnostic device can be implemented that extracts a blood
flow component with high accuracy to improve Doppler
image quality.

[0158] Further, an ultrasound signal processing device
according to at least one embodiment is an ultrasound signal
processing device that calculates blood flow information by
driving a plurality of transducers arranged in an ultrasound
probe to execute ultrasound transmission and reception with
respect to a subject, the ultrasound signal processing device
including ultrasound signal processing circuitry, the ultra-
sound signal processing circuitry comprising: a transmitter
that transmits, a plurality of times, via the plurality of
transducers, detection waves to a region of interest denoting
a range to be analyzed in the subject; a reception beam-
former that generates, for each of the detection waves, a
reception signal sequence based on reflected ultrasound
from the subject received in a time sequence by the plurality
of transducers; a quadrature detector that generates, for each
of the detection waves, a first complex Doppler signal

May 23, 2019

sequence through quadrature detection of the reception
signal sequence; a tissue velocity detector that generates
tissue velocity value data by calculating velocity values for
each set of coordinates of observation points in the region of
interest from the first complex Doppler signal sequence; a
filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter pro-
cessing on the first complex Doppler signal sequence; a
blood flow calculator that generates, from the second com-
plex Doppler signal sequence, first velocity value data by
calculating velocity values for each set of coordinates of the
observation points and first power value data by calculating
power values for each set of coordinates of the observation
points; an adaptable threshold processor that generates, for
each set of coordinates of the observation points, (i) second
velocity value data based on the first velocity value data and
the tissue velocity value data, and (ii) second power value
data by calculating a coefficient applicable to data in which
the velocity values of the second velocity value data have an
absolute value equal to or less than a velocity threshold, and
multiplying the first power value data by the coefficient; and
an image generator that generates power Doppler image data
based on the second power value data.

[0159] Further, an ultrasound signal processing method
according to at least one embodiment is an ultrasound signal
processing method that calculates blood flow information by
driving a plurality of transducers arranged in an ultrasound
probe to execute ultrasound transmission and reception with
respect to a subject, the ultrasound signal processing method
comprising: transmitting, a plurality of times, via the plu-
rality of transducers, detection waves to a region of interest
denoting a range to be analyzed in the subject; generating,
for each of the detection waves, a reception signal sequence
based on reflected ultrasound from the subject received in a
time sequence by the plurality of transducers; performing
quadrature detection that generates, for each of the detection
waves, a first complex Doppler signal sequence through
quadrature detection of the reception signal sequence; gen-
erating tissue velocity value data by calculating velocity
values for each set of coordinates of observation points in
the region of interest from the first complex Doppler signal
sequence; generating a second complex Doppler signal
sequence by performing clutter removal filter processing on
the first complex Doppler signal sequence; generating first
velocity value data by calculating velocity values for each
set of coordinates of the observation points from the second
complex Doppler signal sequence; generating, for each set
of coordinates of the observation points, (i) second velocity
value data based on the first velocity value data and the
tissue velocity value data, and (ii) third velocity value data
by applying a correction to velocity values of the second
velocity value data that have an absolute value equal to or
less than a velocity threshold; and generating, for each set of
coordinates of the observation points, color Doppler image
data based on the third velocity value data.

[0160] According to this configuration, velocity of tissue
can be detected based on Doppler signals and a clutter
component caused by tissue movement can be adaptively
removed front the Doppler signals, and therefore it is
possible to extract a blood flow component with high
accuracy while reliably removing the clutter component.
[0161] Although the technology pertaining to the present
disclosure has been fully described by way of examples with
reference to the accompanying drawings, various changes
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and modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present disclosure, they should be
construed as being included therein.

What is claimed is:

1. An ultrasound signal processing device that calculates
blood flow information by driving a plurality of transducers
arranged in an ultrasound probe to execute ultrasound trans-
mission and reception with respect 1o a subject, the ultra-
sound signal processing device including ultrasound signal
processing circuitry,

the ultrasound signal processing circuitry comprising:

a transmitter that transmits, a plurality of times, via the
plurality of transducers, detection waves to a region of
interest denoting a range to be analyzed in the subject;

a reception beamformer that generates, for each of the
detection waves, a reception signal sequence based on
reflected ultrasound from the subject received in a time
sequence by the plurality of transducers;

a quadrature detector that generates, for each of the
detection waves, a first complex Doppler signal
sequence through quadrature detection of the reception
signal sequence;

a tissue velocity detector that generates tissue velocity
value data by calculating velocity values for each set of
coordinates of observation points in the region of
interest from the first complex Doppler signal
sequence;

a filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter
processing on the first complex Doppler signal
sequence;

a blood flow calculator that generates first velocity value
data by calculating velocity values for each set of
coordinates of the observation points from the second
complex Doppler signal sequence;

an adaptable threshold processor that generates, for each
set of coordinates of the observation points, (i) second
velocity value data based on the first velocity value data
and the tissue velocity value data, and (i1) third velocity
value data by applying a correction to velocity values
of the second velocity value data that have an absolute
value equal to or less than a velocity threshold; and

an image generator that generates, for each set of coor-
dinates of the observation points, color Doppler image
data based on the third velocity value data.

2. The ultrasound signal processing device of claim 1,

wherein

the tissue velocity detector further generates, for each set
of coordinates of the observation points, fourth velocity
value data by summing the third velocity value data and
the tissue velocity value data, and

the image generator generates the color Doppler image
data based on the fourth velocity value data.

3. The ultrasound signal processing device of claim 1,

wherein

the adaptive threshold processor generates the second
velocity value data by subtracting values based on the
tissue velocity value data from the first velocity value
data.

4. The ultrasound signal processing device of claim 3,

wherein

the values the adaptive threshold processor subtracts from
the first velocity value data to generate the second
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velocity value data are the products of multiplication of
the tissue velocity data by correction coefficients.

5. The ultrasound signal processing device of claim 1,
wherein

the correction applied by the adaptive threshold processor
to the velocity values of the second velocity value data
that have an absolute value equal to or less than the
velocity threshold is removal of the velocity values.

6. The ultrasound signal processing device of claim 1,
wherein

the adaptive threshold processor, when generating the
third velocity value data, further converts to 0 velocity
values of the second velocity value data corresponding
to coordinates of observation points associated with
power values of first power value data that are equal to
or less than a power value threshold.

7. The ultrasound signal processing device of claim 1,
wherein

the blood flow calculator further generates first power
value data by calculating a power value for each set of
coordinates of the observation points from the second
complex Doppler signal sequence,

the adaptive threshold processor further generates second
power value data by removing from the first power
value data power values that are equal to or less than a
power value threshold, and

the image generator further generates power Doppler
image data based on the second power value data.

8. The ultrasound signal processing device of claim 1,
wherein

the adaptive threshold processor generates the third veloc-
ity value data by calculating a coeflicient applicable to
data in which the velocity values of the second velocity
value data have an absolute value equal to or less than
the velocity threshold, and multiplying the second
velocity value data by the coeflicient.

9. The ultrasound signal processing device of claim 1,
wherein

the blood flow calculator further generates first power
value data by calculating a power value for each set of
coordinates of the observation points from the second
complex Doppler signal sequence,

the adaptive threshold processor generates second power
value data by calculating a coeflicient applicable to data
in which the velocity values of the second velocity
value data have an absolute value equal to or less than
a velocity value threshold, and multiplying the first
power value data by the coeflicient, and

the image generator further generates power Doppler
image data based on the second power value data.

10. The ultrasound signal processing device of claim 1,
wherein

the tissue velocity detector further calculates tissue power
value data by calculating a power value for each set of
coordinates of the observation points, and

the adaptive threshold processor, when generating the
third velocity value data, further converts to 0 velocity
values of the second velocity value data corresponding
to coordinates of observation points associated with
power values of the tissue power value data that are
equal to or less than a tissue power value threshold.
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11. An ultrasound diagnostic device comprising:

an ultrasound probe; and

an ultrasound signal processing device that calculates
blood flow information by driving a plurality of trans-
ducers arranged in the ultrasound probe to execute
ultrasound transmission and reception with respect to a
subject, the ultrasound signal processing device includ-
ing ultrasound signal processing circuitry,

the ultrasound signal processing circuitry comprising:

a transmitter that transmits, a plurality of times, via the
plurality of transducers, detection waves to a region of
interest denoting a range to be analyzed in the subject;

a reception beamformer that generates, for each of the

detection waves, a reception signal sequence based on

reflected ultrasound from the subject received in a time
sequence by the plurality of transducers;

quadrature detector that generates, for each of the

detection waves, a first complex Doppler signal

sequence through quadrature detection of the reception
signal sequence;

a tissue velocity detector that generates tissue velocity
value data by calculating velocity values for each set of
coordinates of observation points in the region of
interest from the first complex Doppler signal
sequernce;

a filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter
processing on the first complex Doppler signal
sequernce;

a blood flow calculator that generates first velocity value
data by calculating velocity values for each set of
coordinates of the observation points from the second
complex Doppler signal sequence;

an adaptable threshold processor that generates, for each
set of coordinates of the observation points, (i) second
velocity value data based on the first velocity value data
and the tissue velocity value data, and (i1) third velocity
value data by applying a correction to velocity values
of the second velocity value data that have an absolute
value equal to or less than a velocity threshold; and

an image generator that generates, for each set of coor-
dinates of the observation points, color Doppler image
data based on the third velocity value data.

12. An ultrasound signal processing method that calcu-
lates blood flow information by driving a plurality of trans-
ducers arranged in an ultrasound probe to execute ultrasound
transmission and reception with respect to a subject, the
ultrasound signal processing method comprising:

transmitting, a plurality of times, via the plurality of
transducers, detection waves to a region of interest
denoting a range to be analyzed in the subject;

generating, for each of the detection waves, a reception
signal sequence based on reflected ultrasound from the
subject received in a time sequence by the plurality of
transducers;

performing quadrature detection that generates, for each
of the detection waves, a first complex Doppler signal
sequence through quadrature detection of the reception
signal sequence;

generating tissue velocity value data by calculating veloc-
ity values for each set of coordinates of observation
points in the region of interest from the first complex
Doppler signal sequence;
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generating a second complex Doppler signal sequence by
performing clutter removal filter processing on the first
complex Doppler signal sequence;

generating first velocity value data by calculating velocity

values for each set of coordinates of the observation
points from the second complex Doppler signal
sequence;

generating, for each set of coordinates of the observation

points, (i) second velocity value data based on the first
velocity value data and the tissue velocity value data,
and (ii) third velocity value data by applying a correc-
tion to velocity values of the second velocity value data
that have an absolute value equal to or less than a
velocity threshold; and

generating, for each set of coordinates of the observation

points, color Doppler image data based on the third
velocity value data.

13. An ultrasound signal processing device that calculates
blood flow information by driving a plurality of transducers
arranged in an ultrasound probe to execute ultrasound trans-
mission and reception with respect to a subject, the ultra-
sound signal processing device including ultrasound signal
processing circuitry,

the ultrasound signal processing circuitry comprising:

a transmitter that transmits, a plurality of times, via the
plurality of transducers, detection waves to a region of
interest denoting a range to be analyzed in the subject;
reception beamformer that generates, for each of the
detection waves, a reception signal sequence based on
reflected ultrasound from the subject received in a time
sequence by the plurality of transducers;
quadrature detector that generates, for each of the
detection waves, a first complex Doppler signal
sequence through quadrature detection of the reception
signal sequence;
tissue velocity detector that generates tissue velocity
value data by calculating velocity values for each set of
coordinates of observation points in the region of
interest from the first complex Doppler signal
sequence;

a filter processor that generates a second complex Doppler
signal sequence by performing clutter removal filter
processing on the first complex Doppler signal
sequence;

a blood flow calculator that generates, from the second
complex Doppler signal sequence, first velocity value
data by calculating velocity values for each set of
coordinates of the observation points and first power
value data by calculating power values for each set of
coordinates of the observation points;

an adaptable threshold processor that generates, for each
set of coordinates of the observation points, (1) second
velocity value data based on the first velocity value data
and the tissue velocity value data, and (ii) second power
value data by calculating a coefficient applicable to data
in which the velocity values of the second velocity
value data have an absolute value equal to or less than
a velocity threshold, and multiplying the first power
value data by the coefficient; and

an image generator that generates power Doppler image
data based on the second power value data.
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