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(57) ABSTRACT

An ultrasound diagnostic apparatus includes an acquisition
unit acquiring pieces of ultrasound image data at different
deflection angles; a calculation unit calculating coefficients
corresponding to respective positions in ultrasound image
data corresponding to a certain deflection angle based on
signal or pixel values corresponding to the respective posi-
tions in at least one piece of ultrasound image data corre-
sponding to a deflection angle other than the certain deflec-
tion angle; a multiplication unit multiplying, by the
coefficients, signal or pixel values corresponding to the
respective positions in the piece of ultrasound image data
corresponding to the certain deflection angle, or signal or
pixel values corresponding to the respective positions in
image data obtained by compounding ultrasound image data
corresponding to respective deflection angles including the
certain deflection angle; and a control unit causing a display
unit to display an image based on the signal or pixel values
multiplied by the coefficients.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
142807, filed on Jul. 8, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus and an ultrasound imag-
ing method.

BACKGROUND

[0003] Conventionally, various methods have been per-
formed to reduce multiple-reflection echoes in an ultrasound
image (B-modeimage) that hinder diagnosis. As one example
of such methods, a method is known of compounding, by
averaging, a plurality of B-mode images at different deflec-
tion angles of ultrasound transmission and reception. A
method is also known in which this method is applied for
estimating the levels and the positions of multiple-reflection
echo components from the B-mode images at different
deflection angles to adaptively control weights for the aver-
aging based on the estimation result.

[0004] Dueto the limitation of the element factor, however,
the above-described methods of compounding a plurality of
images at different deflection angles are inevitably subject to
the influence of amplitude reduction in elements at aperture
edges. which becomes noticeable when the deflection angles
are increased. Specifically, the lateral resolution of an
obliquely tilted image is low due to its smaller effective
aperture in comparison with an image (central image) at a
regular deflection angle of “0°”. Furthermore, in the
obliquely tilted image, the sensitivity (S/N ratio) is also low
compared with the central image. Thus, in an output image
compounded with a plurality of images at different deflection
angles, the lateral resolution and the sensitivity are lower than
those of a regular central image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1isablockdiagram illustrating a configuration
example of an ultrasound diagnostic apparatus according to a
first embodiment;

[0006] FIG.2, FIG.3A, and FIG. 3B are diagrams illustrat-
ing another conventional method,

[0007] FIG.4A,FIG.4B,FIG.4C, FIG. 4D, FIG. 5, FIG. 6,
FIG. 7, FIG. 8, FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D are
diagrams illustrating the first embodiment;

[0008] FIG.10A,FIG.10B,FIG.100,FIG.10D, FIG. 10E,
FIG. 11A, FIG. 11B, FIG. 11C, and FIG. 11D are diagrams
illustrating the second embodiment;

[0009] FIG.12A,FI1G.12B,FIG.12C,FIG. 12D, FIG. 12E,
FIG. 13A, FIG. 13B, FIG. 13C, and FIG. 13D are diagrams
illustrating the third embodiment;

[0010] FIG.14,FI1G.15,FI1G.16,F1G.17,FIG. 18,FIG. 19,
FIG. 20, and FIG. 21 are diagrams illustrating the fourth
embodiment; and

[0011] FIG. 22 is a diagram illustrating a modification.
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DETAILED DESCRIPTION

[0012] An ultrasound diagnostic apparatus according to an
embodiment includes an acquisition unit, a calculation unit, a
multiplication unit, and a control unit. The acquisition unit
acquires a plurality of pieces of ultrasound image data at
different deflection angles for ultrasound transmission and
reception. The calculation unit calculates coefficients corre-
sponding to a plurality of respective positions in a piece of
ultrasound image data corresponding to a certain deflection
angle based on signal values or pixel values corresponding to
the respective positions in at least one piece of ultrasound
image data corresponding to a deflection angle other than the
certain deflection angle. The multiplication unit multiplies,
by the coefficients, signal values or pixel values correspond-
ing to the respective positions in the piece of ultrasound
image data corresponding to the certain deflection angle, or
signal values or pixel values corresponding to the respective
positions in a piece of image data that is obtained by com-
pounding pieces of ultrasound image data corresponding to a
plurality of respective deflection angles including the certain
deflection angle. The control unit causes a display unit to
display animage based on the signal values or the pixel values
multiplied by the coefficients.

[0013] An ultrasound diagnostic apparatus according to
embodiments will be explained in detail below with reference
to accompanying drawings.

First Embodiment

[0014] Theconfiguration of an ultrasound diagnostic appa-
ratus according to a first embodiment will be first described.
FIG. 11is a block diagram illustrating a configuration example
of the ultrasound diagnostic apparatus according to the first
embodiment. As illustrated in FIG. 1, the ultrasound diagnos-
tic apparatus according to the first embodiment includes an
ultrasonic probe 1, a monitor 2, an input device 3, and an
apparatus body 10.

[0015] The ultrasonic probe 1 includes a plurality of trans-
ducer elements (e.g., piezoelectric transducer elements). The
transducer elements generate ultrasonic waves based on a
drive signal supplied from a transmitter-receiver unit 11
included in the apparatus body 10 described later. The trans-
ducer elements included in the ultrasonic probe 1 receive a
reflected wave from a subject P to convert the reflected wave
thus received into an electric signal. The ultrasonic probe 1
also includes matching layers provided to the transducer ele-
ments and backing materials preventing ultrasonic waves
from traveling behind the transducer elements, for example.

[0016] When ultrasonic waves are transmitted from the
ultrasonic probe 1 to the subject P, the ultrasonic waves thus
transmitted are sequentially reflected on the planes of discon-
tinuity of acoustic impedances in body tissues of the subject
P and then received by the transducer elements included in the
ultrasonic probe 1 as reflected wave signals. The amplitudes
of the reflected wave signals thus received depend on the
differences between the acoustic impedances on a plane of
discontinuity on which the ultrasonic waves are reflected.
When the ultrasonic pulses transmitted are reflected on a
moving blood flow or the surface of a cardiac wall, for
example, the reflected wave signals undergoes a frequency
shift depending on the velocity component in the ultrasound
transmission direction of the moving body because of the
Doppler effect.
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[0017] The ultrasonic probe 1 is removably connected to
the apparatus body 10. To two-dimensionally scan the subject
P, an operator connects, for example, a one-dimensional array
probe in which a plurality of piezoelectric transducer ele-
ments are arranged in a line, as the ultrasonic probe 1, to the
apparatus body 10. Examples of the one-dimensional array
probe include a linear ultrasonic probe, a convex ultrasonic
probe, and a sector ultrasonic probe. To three-dimensionally
scan the subject P, an operator connects, for example, a
mechanical four-dimensional probe or a two-dimensional
array probe as the ultrasonic probe 1 to the apparatus body 10.
A mechanical four-dimensional probe can perform two-di-
mensional scanning using a plurality of piezoelectric trans-
ducer elements that are arranged in a line similarly to the
one-dimensional array probe, and can also perform three-
dimensional scanning by causing the piezoelectric transducer
elements to oscillate with a certain angle (oscillation angle).
A two-dimensional array probe can perform three-dimen-
sional scanning with a plurality of piezoelectric transducer
elements that are arranged in a matrix, and can also perform
two-dimensional scanning by converging and transmitting
ultrasound waves. The following describes a case in which
the apparatus body 10 is connected to a one-dimensional
array probe.

[0018] The input device 3 includes a mouse, a keyboard,
buttons, a panel switch, a touch command screen, a foot
switch, a track ball, or a joystick. The input device 3 receives
various setting requests from the operator of the ultrasound
diagnostic apparatus and transmits the received setting
requests to the apparatus body 10.

[0019] The monitor 2 displays a graphical user interface
(GUI) through which the operator of the ultrasound diagnos-
tic apparatus inputs various setting requests using the input
device 3 and displays ultrasonic image data generated by the
apparatus body 10, for example.

[0020] Theapparatus body 10 is an apparatus that generates
ultrasonic image data based on the reflected wave signal
received by the ultrasonic probe 1. The apparatus body 10
illustrated in FIG. 1 is an apparatus that can generate two-
dimensional ultrasound image data based on two-dimen-
sional reflected wave data received by the ultrasonic probe 1.
The apparatus body 10 illustrated in FIG. 1 is also an appa-
ratus that can generate three-dimensional ultrasound image
data based on three-dimensional reflected wave data received
by the ultrasonic probe 1.

[0021] As illustrated in FIG. 1. the apparatus body 10
includes the transmitter-receiver unit 11, a B-mode process-
ing unit 12, a Doppler processing unit 13, an image generating
unit 14, a data processing unit 15, an image memory 16, an
internal memory 17, and a control unit 18.

[0022] The transmitter-receiver unit 11 is a transmission
beam former that controls transmission directionality in
transmitting ultrasound waves. Specifically, the transmitter-
receiver unit 11 includes arate pulse generator, a transmission
delay unit, and a transmission pulser and supplies a drive
signal to the ultrasonic probe 1. The rate pulse generator
repeatedly generates rate pulses for forming an ultrasonic
wave for transmission at a predefined rate frequency (pulse
repetition frequency, PRF). The rate pulses pass through the
transmission delay unit, thereby applying voltage to the trans-
mission pulser in a manner having different transmission
delay times. The transmission delay unit provides each rate
pulse generated by the rate pulse generator with a transmis-
sion delay time for each transducer element. The transmission
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delay time is required to converge ultrasonic waves generated
by the ultrasonic probe 1 into a beam to determine transmis-
sion directionality. The transmission pulser applies a drive
signal (drive pulse) to the ultrasonic probe 1 at the timing
based on this rate pulse.

[0023] Thedrive pulse is transmitted from the transmission
pulser to the transducer element in the ultrasonic probe 1 via
a cable, and is then converted from an electric signal into a
mechanical vibration in the transducer element. This
mechanical vibration is transmitted as an ultrasound wave
inside an organism. Ultrasound waves having different trans-
mission delay times for the respective transducer elements are
converged and transmitted in a certain transmission direction.
The transmission delay unit adjusts the transmission direction
from the surface of the transducer elements as required by
changing the transmission delay time provided to each rate
pulse. The transmitter-receiver unit 11 provides transmission
directionality by controlling the number and positions (trans-
mission aperture) of transducer elements used for transmis-
sion of an ultrasound beam and transmission delay times
corresponding to the positions of the respective transducer
elements constituting the transmission aperture.

[0024] The transmitter-receiver unit 11 has functions
capable of instantaneously changing transmission frequen-
cies, transmission drive voltages, and the like in order to
perform a predefined scan sequence based on an instruction
from the control unit 18 described below. In particular, the
transmission drive voltages can be changed with a linear
amplifier type of transmission circuit capable of instanta-
neously changing values or a mechanism for electrically
switching over a plurality of power source units.

[0025] The reflected waves of the ultrasound waves trans-
mitted by the ultrasonic probe 1 are converted from mechani-
cal vibrations to electric signals (reflected wave signals) at the
transducer elements after reaching the transducer elements in
the ultrasonic probe 1. The reflected wave signals are input
via the cable to the transmitter-receiver unit 11 serving as a
reception beam former that controls reception directionality
in receiving ultrasound waves.

[0026] More specifically, the transmitter-receiver unit 11
includes an amplifier circuit, an analog/digital (A/D) con-
verter, a reception delay circuit, and an adder, and performs
various processing on the reflected wave signals received by
the ultrasonic probe 1 to generate reflected wave data. The
amplifier circuit amplifies the reflected wave signals for each
channel and perform thereon gain correction processing. The
A/D converter A/D-converts the reflected wave signals thus
gain-corrected. The reception delay circuit provides digital
data with a reception delay time required to determine recep-
tion directionality. The adder performs addition processing
on the reflected wave signals provided with the reception
delay time by the reception delay circuit to generate reflected
wave data. The addition processing performed by the adder
enhances reflection components from the direction in accor-
dance with the reception directionality of the reflected wave
signals. The transmitter-receiver unit 11 provides reception
directionality by controlling the number and positions (recep-
tion aperture) of transducer elements used for reception of
reflected waves and reception delay times corresponding to
the positions of the respective transducer elements constitut-
ing the reception aperture.

[0027] The transmitter-receiver unit 11 causes the ultra-
sonic probe 1 to transmit two-dimensional ultrasonic beams
when the subject P is two-dimensionally scanned. The trans-
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mitter-receiver unit 11 then generates two-dimensional
reflected wave data from two-dimensional reflected wave
signals received by the ultrasonic probe 1. The transmitter-
receiver unit 11 also causes the ultrasonic probe 1 to transmit
three-dimensional ultrasonic beams when the subject P is
three-dimensionally scanned. The transmitter-receiver unit
11 then generates three-dimensional reflected wave data from
three-dimensional reflected wave signals received by the
ultrasonic probe 1.

[0028] The form of each output signal from the transmitter-
receiver unit 11 can be selected from various forms such as a
signal including phase information and a signal indicating
amplitude information after envelope demodulation. The sig-
nal including phase information herein is an 1Q signal that
includes an in-phase signal (I signal) and a quadrature-phase
signal (Q signal), or a radio frequency (RF) signal.

[0029] The B-mode processing unit 12 performs logarith-
mic amplification, envelope demodulation, and logarithmic
compression, for example, on the reflected wave data output
by the transmitter-receiver unit 11 to generate data (B-mode
data) in which the signal intensity (amplitude intensity) for
each sample point is represented by the brightness of its
luminance.

[0030] The Doppler processing unit 13 performs frequency
analysis on the reflected wave data output by the transmitter-
receiver unit 11 to generate data (Doppler data) that includes
extracted pieces of kinetic information of moving bodies
(blood flows, tissues, contrast agent echo components, etc.)
based on the Doppler effect. Specifically, the Doppler pro-
cessing unit 13 generates Doppler data including average
velocities, variances, and power values, for example,
extracted at multiple points as the pieces of kinetic informa-
tion of moving bodies.

[0031] The B-mode processing unit 12 and the Doppler
processing unit 13 can process both two-dimensional
reflected wave data and three-dimensional reflected wave
data.

[0032] The image generating unit 14 generates ultrasound
image data from the data generated by the B-mode processing
unit 12 and the Doppler processing unit 13. Specifically, the
image generating unit 14 generates two-dimensional B-mode
image data in which the intensity of a reflected wave is rep-
resented by the luminance from the two-dimensional B-mode
data generated by the B-mode processing unit 12. The image
generating unit 14 also generates two-dimensional Doppler
image data representing moving body information from the
two-dimensional Doppler data generated by the Doppler pro-
cessing unit 13. The two-dimensional Doppler image data
includes velocity image data, dispersion image data, power
image data, or image data in which the data mentioned above
are combined.

[0033] The image generating unit 14 typically generates
ultrasonic image data for display through conversion (scan-
conversion) of signal arrays of ultrasonic scan lines into sig-
nal arrays of scan lines in a video format represented by
television, for example. Specifically, the image generating
unit 14 generates ultrasonic image data for display through
coordinate conversion in accordance with the form of the
ultrasonic scan performed by the ultrasonic probe 1. The
image generating unit 14 also performs various image pro-
cessing other than the scan conversion. For example, the
image generating unit 14 uses a plurality of image frames
after the scan conversion to perform image processing repro-
ducing an image having an average luminance (smoothing
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processing) and image processing using a differentiation fil-
ter in an image (edge enhancement processing). The image
generating unit 14 also combines text information on various
parameters, scales, body marks, and the like with ultrasonic
image data.

[0034] In other words, the B-mode data and the Doppler
data are ultrasonic image data before the scan conversion, and
data generated by the image generating unit 14 is ultrasonic
image data for display after the scan conversion. The B-mode
data and the Doppler data are also referred to as raw data.

[0035] The image generating unit 14 further generates
three-dimensional B-mode image data by performing coor-
dinate conversion on the three-dimensional B-mode data gen-
erated by the B-mode processing unit 12. The image gener-
ating unit 14 also generates three-dimensional Doppler image
data by performing coordinate conversion on the three-di-
mensional Doppler data generated by the Doppler processing
unit 13. In other words, the image generating unit 14 gener-
ates “three-dimensional B-mode image data and three-di-
mensional Doppler image data” as “three-dimensional ultra-
sonic image data (volume data)”. The image generating unit
14 further performs various types of rendering processing on
volume data to generate various two-dimensional image data
for causing the monitor 2 to display volume data.

[0036] The data processing unit 15 is a processing unit that
performs various processes on the data generated in the appa-
ratus body 10, and includes an acquisition unit 151, a calcu-
lation unit 152, and a multiplication unit 153 as illustrated in
FIG. 1. The data processing unit 15 according to the first
embodiment uses the ultrasound image data generated by the
image generating unit 14 as data to be processed. The data
processing unit 15 according to the first embodiment will be
described later in detail.

[0037] The image memory 16 is a memory storing therein
image data generated by the image generating unit 14. The
image memory 16 also can store therein data generated by the
B-mode processing unit 12 and the Doppler processing unit
13. The B-mode data and the Doppler data stored in the image
memory 16 can be called by the operator after diagnosis, for
example, and serve as ultrasonic image data for display after
going through the image generating unit 14. The image
memory 16 also can store therein the data output from the
transmitter-receiver unit 11 and the data output from the data
processing unit 15.

[0038] The internal memory 17 stores therein various data
such as control programs for performing transmission and
reception of ultrasonic waves, image processing, and display
processing; diagnostic information (subjects’ IDs and doc-
tors’ opinions, for example); a diagnostic protocol; and vari-
ous body marks. The internal memory 17 is also used for
storing the data stored in the image memory 16, for example,
as necessary.

[0039] The control unit 18 controls the entire processing
performed by the ultrasound diagnostic apparatus. Specifi-
cally, the control unit 18 controls processing performed by the
transmitter-receiver unit 11, the B-mode processing unit 12,
the Doppler processing unit 13, the image generating unit 14,
and the data processing unit 15 based on various setting
requests input by the operator through the input device 3 and
various control programs and data read from the internal
memory 17. The control unit 18 also controls the monitor 2 to
display ultrasonic image data for display stored in the image
memory 16.
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[0040] 1In the foregoing, the overall structure of the ultra-
sound diagnostic apparatus according to the first embodiment
has been described. In this structure, generation and display
of ultrasound image data (e.g., B-mode image data) are pet-
formed.

[0041] Conventionally, various methods have been per-
formed to reduce multiple-reflection echoes that hinder diag-
nosis in B-mode images. These conventional methods are
methods to reduce multiple-reflection echoes by what is
called a spatial compounding process. FIG. 2, FIG. 3A, and
FIG. 3B are diagrams illustrating such conventional methods.
[0042] One example of these methods is a method of com-
pounding, by averaging, a plurality of pieces of B-mode
image data at different deflection angles for ultrasound trans-
mission and reception. A method is also known in which this
method is applied for estimating the levels and the positions
of multiple-reflection echo components from the pieces of
B-mode image data at different deflection angles to adap-
tively control weight for the averaging based on the estima-
tion result. These methods are methods of compounding a
plurality of pieces of ultrasound image data at different
deflection angles that are generated by ultrasound scanning
for making deflection angles for ultrasound transmission and
reception different between frames.

[0043] The deflection angle of a direction that is perpen-
dicular to the array direction of the transducer elements is
defined as “0°”. The deflection angle “0°” indicates a direc-
tion of regular ultrasound transmission and reception that are
performed without deflection applied. A deflection angle of a
direction that is tilted to the left relative to the array direction
of the transducer elements is defined as a “positive angle”,
and a deflection angle of a direction that is tilted to the right
relative to the array direction of transducer elements is
defined as a “negative angle”.

[0044] With these definitions, “C” indicated in FIG. 2
denotes a piece of B-mode image data generated by perform-
ing ultrasound transmission and reception at the deflection
angle “0°”. “L” indicated in FIG. 2 denotes a piece of B-mode
image data generated by performing ultrasound transmission
and reception that are deflected left at a deflection angle of
“+8°”. “R” indicated in FIG. 2 denotes a piece of B-mode
image data generated by performing ultrasound transmission
and reception that are deflected right at a deflection angle of
“~0°”, Hereinafter, the “L” indicated in FIG. 2 isreferred to as
left-deflection image data L. The “R” indicated in FIG. 2 is
referred to as right-deflection image data R. “C” indicated in
FIG. 2 that denotes an image in the middle between the
left-deflection image data L and the right-deflection image
data R is referred to as central image data C.

[0045] In the conventional method illustrated in FIG. 2,
image data is output that is obtained by averaging the central
image data C, the left-deflection image data L, and the right-
deflection image data R. Alternatively, in the conventional
method illustrated in FIG. 2, the levels and the positions of
multiple-reflection echo components are estimated from the
central image data C, the left-deflection image data L, and the
right-deflection image data R. Subsequently, in the conven-
tional method illustrated in F1G. 2, weights for the averaging
are calculated based on the estimated result, and weighted
addition is performed of the central image data C, the left-
deflection image data [, and the right-deflection image dataR
to output the resulting image data.

[0046] Other than the above-described conventional meth-
ods of compounding a plurality of images at different deflec-
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tion angles, two conventional methods illustrated in FIGS. 3A
and 3B are used as general spatial compounding for reducing
multiple-reflection echoes. The method illustrated in FIG. 3A
is a method of averaging a group of a plurality of received
signals at different reception deflection angles that are simul-
taneously obtained by parallel simultaneous reception in
response to the same transmission beam when received sig-
nals on one scan line are obtained. In the method illustrated in
FIG. 3A, simultaneously received signals in three directions
are obtained by parallelly and simultaneously receiving
reflected waves at reception deflection angles (e.g., 0°, +6°,
-0°) in the three directions in response to an ultrasound wave
transmitted on a certain scan line with the transmission aper-
ture and the reception aperture being fixed. In the conven-
tional method illustrated in FIG. 3A, one received signal at a
reception deflection angle of “0°” is obtained by averaging
the simultaneously received signals in three directions. This
processing is performed for all scan lines in a frame.

[0047] In contrast, the method illustrated in FIG. 3B is a
method in which, when a received signal on one scan line is
obtained, received signals from corresponding directions are
obtained at transmission deflection angles that are different
between rates, and the resulting received signals at these rates
are averaged. In FIG. 3B, received signals in three directions
are depicted that are generated by performing ultrasound
transmission and reception at deflection angles (0°, +6°, -6°)
in three directions with the transmission aperture and the
reception aperture being fixed. In the conventional method
illustrated in FIG. 3B, one received signal at a reception
deflection angle of “0°” is obtained by averaging the received
signals in three directions. This processing is performed for
all scan lines in a frame.

[0048] These three types of conventional methods are tech-
niques for improving a signal-to-noise ratio in an image by
utilizing a fact that, when a deflection angle of an ultrasound
beam relative to the subject P is changed (when the ultrasound
beam is tilted), the position where multiple-reflection echoes
(noise) appear changes depending on the deflection angle,
and by performing a compounding process to maintain signal
components (e.g., tissue-derived signal components) inten-
sity of which changes relatively little even when the ultra-
sound beam is tilted.

[0049] The conventional method illustrated in FIG. 3A is
excellent in real-time performance because parallel simulta-
neous reception is used. However, the conventional method
illustrated in FIG. 3A requires larger deflection angles to
obtain a multiple reduction effect because deflection angles
are made different between transmission and reception. How-
evet, in the conventional method illustrated in FIG. 3A, the
sensitivity decreases when the deflection angles between
transmission and reception are increased.

[0050] Incontrast,inthe conventional method illustrated in
FIG. 3B, because deflection angles between transmission and
reception can be set the same, larger deflection angles are set
while the sensitivity reduction is being prevented, and thus a
multiple reduction effect can be obtained that is greater than
the conventional method illustrated in FIG. 3A. Howeyver, the
conventional method illustrated in FIG. 3B requires a rate
sequence, thereby reducing the frame rate.

[0051] Incontrast, inthe conventional method illustrated in
FIG. 2, because the deflection angle is changed on a frame-
by-frame basis, deflection angles can be set the same between
transmission and reception, and thus the frame rate is not
reduced while the sensitivity reduction is being prevented.
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Thus, in the conventional method illustrated in FIG. 2, the
multiple reduction effect, the frame rate, and a certain level of
sensitivity can be maintained.

[0052] Dueto the limitation of the element factor, however,
such a method in which the deflection angle is changed on a
frame-by-frame basis is inevitably subject to the influence of
amplitude reduction in elements at aperture edges, which
becomes noticeable when the deflection angle is increased. In
particular, in elements at the edges of the apertures, transmis-
sion and reception are performed with relatively larger
deflection angles, whereby the amplitude reduction is larger.
This corresponds to reduction in effective width of the aper-
tures. Specifically, the lateral resolution of obliquely tilted
image data (e.g., the left-deflection image data L or the right-
deflection image data R) is lower than that of an image (the
central image data C) at a deflection angle of “0°”. Further-
more, in the obliquely tilted image, the sensitivity (S/N ratio)
is also lower than that of the central image data C. Thus, in an
output image compounded from a plurality of images at dif-
ferent deflection angles, there is a problem in that the lateral
resolution and the sensitivity are lower than those of a non-
deflected image (e.g., the central image data C).

[0053] Accordingly, in the ultrasound diagnostic apparatus
according to the first embodiment, to obtain a high-quality
image in which multiple reflections are reduced and the lat-
eral resolution and the sensitivity are maintained, the data
processing unit 15 and the control unit 18 perform processes
described below.

[0054] The acquisition unit 151 according to the first
embodiment acquires a plurality of pieces of ultrasound
image data at different deflection angles for ultrasound trans-
mission and reception. The acquisition unit 151 acquires a
plurality of pieces of ultrasound image data that are generated
by ultrasound scanning in which a deflection angle for ultra-
sound transmission and reception is changed between frames.
For example, the acquisition unit 151 acquires an image data
group including the pieces of ultrasound image data at differ-
ent deflection angles that are generated by the ultrasound
scanning in which a deflection angle of ultrasound transmis-
sion and reception is changed between frames. The calcula-
tion unit 152 according to the first embodiment then calcu-
lates coefficients corresponding to a plurality of respective
positions in a piece of ultrasound image data corresponding to
a certain deflection angle, based on signal values or pixel
values corresponding to the respective positionsin at least one
piece of ultrasound image data corresponding to a deflection
angle other than the certain deflection angle. The coefficients
corresponding to the respective positions are represented by a
coefficient distribution. For example, the calculation unit 152
calculates the coefficient distribution using at least one piece
of ultrasound image data at a deflection angle in a direction
other than a certain direction in the image data group. For
example, the calculation unit 152 calculates the above-de-
scribed coefficients (the above-described coefficient distribu-
tion) based on a mean value between pieces of data to be
processed. For example, the calculation unit 152 calculates
the above-described coefficients (the above-described coeffi-
cient distribution) using a function including arithmetic pro-
cessing of exponentiating an input value. The multiplication
unit 153 according to the first embodiment then multiplies, by
the coefficients, signal values or pixel values corresponding
to the respective positions in the piece of ultrasound image
data corresponding to the certain deflection angle, or signal
values or pixel values corresponding to the respective posi-

Jan. 8, 2015

tions in a piece of image data that is obtained by compounding
pieces of ultrasound image data corresponding to a plurality
of respective deflection angles including the certain deflec-
tion angle. For example, the multiplication unit 153 multi-
plies, by the coefficient distribution, a piece of ultrasound
image data at a deflection angle in the certain direction, or a
piece of image data that is obtained by compounding pieces of
ultrasound image data at respective deflection angles in a
plurality of directions including the certain direction. For
example, the multiplication unit 153 performs multiplication
processing on data obtained by weighted addition as the
above-described compounding process. The control unit 18
according to the first embodiment then causes the monitor 2 to
display an image based on the signal values or the pixel values
multiplied by the coefficients. For example, the control unit
18 causes the monitor 2 to display the output data from the
multiplication unit 153 as ultrasound image data.

[0055] The following describes concrete examples of pro-
cesses performed by the data processing unit 15 and the
control unit 18 according to the first embodiment with refer-
ence to FIGS. 4A to 9D, for example. FIGS. 4A to 9D are
diagrams illustrating the first embodiment.

[0056] For example, under the control of the control unit
18, the transmitter-receiver unit 11 causes the ultrasonic
probe 1 to perform ultrasound transmission and reception in
three directions (deflection angles: 0°, +8°, -6°) on a frame-
by-frame basis. This causes the image generating unit 14 to
generate three pieces of B-mode image data at different
deflection angles. The above-described certain direction
herein is the direction at the deflection angle “0°”. The acqui-
sition unit 151 then acquires these three pieces of B-mode
image data. “L(x,y)” and “R(x,y)” indicated in FIG. 4A are
respectively left-deflection image data and right-deflection
image data in which multiple reflection components are
reduced by oblique transmission and reception. “C(x,y)”
indicated in FIG. 4A is B-mode image data in the direction of
the deflection angle “0°”, and is front image data (central
image data) in which the lateral resolution and the sensitivity
are high but multiple reflections may have occurred. “(x,y)”
herein indicates the position of each pixel constituting the
image data.

[0057] The following describes a case in which the calcu-
lation unit 152 calculates the coefficient distribution using
“L(x,y)” and “R(x,y)” as objects to be processed and the
multiplication unit 153 uses “C(x,y)” as an object to be mul-
tiplied. To begin with, the calculation unit 152 obtains “M(x,
y)” that is mean image data of “L(x,y)” and “R(x,y)” as
illustrated in FIG. 4B. Specifically, the calculation unit 152
obtains “M(x,y)” according to Formula (1):

Mx, y)=(Lx, y) + R(x, y)){2 (overlapping area) 1)
=L{x, y) (left area)
=R, y) (right area)
[0058] Asillustrated in 4B, when “L(x,y)” and “R(x,y)” are

aligned, there are an overlapping area where they overlap
each other, a left area that is an area in “L(x,y)”” excluding the
overlapping area, a right area that is an area in “R(x,y)”
excluding the overlapping area. Formula (1) above indicates
that the mean image data “M(x,y)” is obtained by assigning
the mean values of pixel values of “L(x,y)” and “R(x,y) at the
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same position for the overlapping area, assigning pixel values
of “L(x,y)” for the left area, and assigning pixel values of
“R(x,y)” for the right area.

[0059] The calculation unit 152 then calculates a coeffi-
cient distribution “cof(x,y)” from the mean image data “M(x,
y)” as illustrated in FIG. 4C. Specifically, the calculation unit
152 calculates “cof(x,y)” according to Formula (2):

cof (x, y) = (M(x, )/ p)* } @
(when M(x, y) > f8, cof (x, y) = 1.0)

[0060] In Formula (2) above, the value obtained by raising
a quotient of M(x,y) divided by “f” to the “power of o is
defined as “cof(x,y)”. In Formula (2) above, “cof(x,y)” is
defined to be “1” when the quotient of M(x,y) divided by “p”
is larger than “1”. “o”” and “f” herein are values that are set in
advance. Specifically, “f” means an upper limit of output
signals, and is set equal to or smaller than the maximum value
“max” of image signals. “p” is preferably set to about 70% to
80% of “max”. “a” is preferably set to a value of about “V4 to

142

15”7,
[0061] The graph illustrated in FIG. 5 is a graph in which
output values “cof(x,y)” are plotted that are calculated from
input values “M(x,y)/p” by using Formula (2) with “a=Y4".
Advantages will be described later of calculating the coeffi-
cient distribution using a function including arithmetic pro-
cessing of exponentiating an input value such as Formula (2).
[0062] The multiplication unit 153 then multiplies the cen-
tral image data “C(x,y)” by the coefficient distribution “cof
(x,¥)” to output the output image data “O_C(x,y)” as illus-
trated in FIG. 4D. Specifically, the multiplication unit 153
performs arithmetic processing of Formula (3):

O_Clx,y)=Clxy)*cofix,y) 3)

[0063] The control unit 18 then causes the monitor 2 to
display the output image data “O_C(x,y)” as B-mode image
data on which correction processing is performed. The left
diagram in FIG. 6 illustrates front B-mode image data “C(x,
y)” at the “deflection angle: 0°” out of pieces of B-mode
image data in three directions that are obtained by using a
linear probe to image an area including carotid arteries. The
right diagram in FIG. 6 illustrates output image data “O_(x,
y)” obtained by the above-described processing. As illus-
trated in FIG. 6, multiple reflection components appearing in
carotid arteries in “C(x,y)” are reduced in “O_C(x,y)” while
the lateral resolution and the sensitivity are being maintained.
FIG. 6 hereinillustrates a result of processing performed with
settings of “0=Y4, f=192, max=255, 0=10°".

[0064] The following describes reasons why “O_C(x.y)”
output by the above-described processing becomes high-
quality image data in which multiple reflections are reduced
and also the lateral resolution and the sensitivity are main-
tained.

[0065] As with scattered signals, in a region where a signal
level does not differ regardless of whether the region is
viewed from the right or the left, the luminance of mean
image data becomes high. In contrast, as with multiple reflec-
tions, in a region where a signal level is reduced by tilting a
beam, the luminance of the mean image data decreases. In
particular, multiple reflections cause not only reductions in
signal level due to deflection to the right and the left, but also
changes in the appearance position corresponding to deflec-
tion to the right and the left. Accordingly, the degree of
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luminance reduction in the mean image data of the left-de-
flection image data and the right-deflection image data
increases.

[0066] Thus, in the above-described processing, in a region
where the average luminance in the mean image data is high,
which is considered to be an actual signal component, the
coeflicient value contributing to the central image data to be
finally output is made larger. In the above-described process-
ing, in a region where the average luminance in the mean
image data is low, which is considered to be a noise compo-
nent due to multiple reflections or the like, the coefficient
value contributing to the central image data is made smaller.
Thus, the above-described processing enables reduction of
multiple reflection components thatis effective for the central
image data. The image signal itself of the output image data
derives from the central image data in which the lateral reso-
lution is high and the sensitivity is also high, and thus the
lateral resolution and the sensitivity are maintained in a
region for which the coefficient value is large because of
being considered to be a signal.

[0067] In a conversion method for obtaining coefficient
values as output data from the mean image data as input data,
it is desired that, while an output value in a signal area is
maintained at a high level compared with a level used as a
boundary level between a signal and a noise based on mag-
nitudes of input, an output value in a noise area be sufficiently
smaller than the boundary level. A simplest method to obtain
such conversion characteristics is threshold processing in
which the output value is set to be “1” when the input value
exceeds a preset threshold and the output value is set to be “0”
when the input value is equal to or smaller than the threshold.

[0068] However, such a “boundary level between a signal
and a noise” used for threshold setting generally varies
depending on a subject P, and thus cannot be clearly deter-
mined. In view of this, to obtain a robust multiple reduction
effect, it is effective to use conversion characteristics that
smoothly change in response to an input and include charac-
teristics that are similar to those of the threshold processing.

[0069] A specific method for obtaining such conversion
characteristics preferably provides an output value according
to a “power function” depending on the input level as indi-
cated in Formula (2) above. For example, in the conversion
characteristic illustrated in FIG. 5, the coefficient value
smoothly changes in a range where “M(x,y)/p” is larger than
“0.17, and the coefficient value significantly decreases in a
range where “M(x,y)p” is equal to or smaller than “0.1”.

[0070] However, when the above-described coefficient
control is performed, as is clear from the graph in FIG. 5, the
output image data “O_C(x,y)” indicates almost no signal in a
low-luminance area, and thus there is apparently a tendency
that the display dynamic range is narrowed and the gain
decreases. Accordingly, the control unit 18 according to the
first embodiment may control the display dynamic range and
the gain when displaying the output image data using a pre-
determined look-up table (LUT) so that the apparent display
dynamic range and the apparent gain may become equivalent
to those of image data on which the above-described multi-
plication processing is not performed.

[0071] Forexample, as illustrated in FIG. 6, the control unit
18 expands the “display dynamic range: DR” of the output
image datato “65 dB” when the “display dynamic range: DR”
of the central image data is “60 dB”. Furthermore, for
example, as illustrated in FIG. 6, the control unit 18 raises the
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“gain: G” of the output image data to “76 dB” when the “gain:
G” of the central image data is 73 dB”.

[0072] The control unit 18 controls the frame rate of the
output image data (hereinafter, O_C) so that it may become
approximately the same as the frame rate in regular B-mode
imaging. FIG. 7 illustrates a case in which the central image
data (hereinafter, C), the left-deflection image data (herein-
after, L), and the right-deflection image data (hereinafter, R)
are repeatedly generated in the order of “C, L, and R” (see the
row of “input” in FIG. 7). In FIG. 7, each frame is depicted by
one rectangle.

[0073] In this case, the control unit 18 causes the data
processing unit 15 to output “O_C” of the first frame using an
image data group “C,L.R” that is initially obtained (see “pro-
cess: 1”7 and “output: 1” in FIG. 7). The control unit 18 also
causes the data processing unit 15 to output “O_C” of the
second frame using an image data group “L,R,C” that
includes newly generated “C” as latest data (see “process: 2”
and “output: 2” in FIG. 7). The control unit 18 also causes the
data processing unit 15 to output “O_C” of the third frame
using an image data group “R,C,L.” that includes newly gen-
erated “L” as latest data (see “process: 3” and “output: 3” in
FIG. 7). The control unit 18 also causes the data processing
unit 15 to output “O_C” of the fourth frame using an image
data group “C,L,R” that includes newly generated “R” as
latest data (see “process: 4” and “output: 4” in FIG. 7). The
control unit 18 also causes the data processing unit 15 to
output “O_C” of the fifth frame using an image data group
“L,R,C” that includes newly generated “C” as latest data (see
“process: 57 and “output: 5 in FIG. 7). Performing such
control can maintain the frame rate.

[0074] In the foregoing, a typical example has been
described in which deflection angles in three directions (+6°
and 0°) are used, and the mean image data of the left-deflec-
tion image data and the right-deflection image data is used to
calculate a coefficient distribution. However, “oblique-de-
flection image data” for calculating the coefficient distribu-
tion for performing multiple reduction may be deflection
image data in one direction, either to the right or to the left.
For example, the calculation unit 152 may substitute “T(x.y)”
for Formula (2) to calculate the coefficient distribution “cof
(x,y)” as illustrated in FIG. 8.

[0075] Because a structure that can be a multiple reflection
source in a scanning area of the subject P may be tilted
obliquely to the array direction of the transducer elements, it
is preferable that the mean image data of the left-deflection
image data and the right-deflection image data be used as
described above to obtain a robust multiple-reflection reduc-
tion effect. As described with reference to FIG. 4B, the left-
deflection image data is used as the mean image data for the
left area excluding the overlapping area, and the right-deflec-
tion image data is used as the mean image data for the right
area excluding the overlapping area. Even in such a case,
however, as described with reference to the drawings includ-
ing FIG. 6, output image data can be obtained in which
multiple reflections are reduced and also the lateral resolution
and the sensitivity are maintained.

[0076] Furthermore, the first embodiment allows the num-
ber of directions of deflection angles to be increased to five or
seven. In this case, it is possible to perform “(a): a method of
increasing the number of directions for addition of mean
image data”, “(b): a method of using, as central image data,
image data that is obtained by performing a compounding
process (e.g., weighting process) on a plurality of pieces of
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image data including front image data™, and “(c): a method
achieved by combining (a) and (b)”.

[0077] Oneexample of acase in which the above-described
methods are used when the number of directions is “7” will be
described with reference to FIGS. 9A to 9D. In FIG. 9A,
pieces of image data in seven directions that are generated by
a frame sequence of deflection angles “+0,°, +0,°, +0°, 0°,
-0°, -8,°, and -0,° (6,>6,>0)" are denoted as “L.2, L1, L0,
C, RO, R1, and R2”, respectively.

[0078] Inthis case, for example, the calculation unit 152 or
the image generating unit 14 generates mean image data from
the six pieces of image data “L.2, L1, L.O, RO, R1, and R2” as
illustrated in FIG. 9B to calculate a coefficient distribution. In
this case, the multiplication unit 153 multiplies “C” by the
coefficient distribution.

[0079] Alternatively, for example, the multiplication unit
153 or the image generating unit 14 performs weighted addi-
tion of “LO, C, and R0O” to generate central image data as
illustrated in FIG. 9C. Furthermore, for example, the calcu-
lation unit 152 or the image generating unit 14 generates
mean image data from “L2, L1, R1, and R2” as illustrated in
FIG. 9C to calculate a coefficient distribution.

[0080] Alternatively, image data used for the mean image
data may be used for the central image data. For example, the
multiplication unit 153 or the image generating unit 14 per-
forms weighted addition of “L1, L0, C, RO, and R1” to gen-
erate central image data as illustrated in FIG. 9D. Further-
more, for example, the calculation unit 152 or the image
generating unit 14 generates mean image data from “L.2, L1,
R1,and R2” as illustrated in FIG. 9D to calculate a coefficient
distribution. Even when these applications are performed,
output image data can be obtained in which multiple reflec-
tions are reduced and also the lateral resolution and the sen-
sitivity are maintained.

[0081] Regardless of whether a conventional method of
performing a compounding process in frame sequence or the
method according to the first embodiment in which multipli-
cation processing is performed in frame sequence is used, the
frame rate is not different from that in regular scanning of
regular B-mode scanning. However, in both of the methods,
there is a tendency that the responsivity of image change to
movement of the ultrasonic probe 1, respiratory movement of
the subject P, or the like decreases as the number of directions
increases because of the influence of using frames the number
of which corresponds to the number of directions for the
processing. On the other hand, the effect of multiple reflection
reduction becomes higher as the number of directions
increases.

[0082] Accordingly, a trade-off occurs between the respon-
sivity and the effect of multiple reflection reduction depend-
ing on the setting of the number of directions in the method
according to the first embodiment. Thus, in the first embodi-
ment, in order to allow the operator to select settings on “the
number of directions in total” and “the number of directions
used for generating mean image data and the number of
directions used for generating central image data” as appro-
priate, candidate sets for these numbers of directions are
preferably set in advance. In this case, the operator selects a
desired setting from candidate sets displayed on a GUI, for
example.

[0083] As described above, in the first embodiment,
“weights (coeflicients)” are calculated based on a group of
pieces of oblique image data in which multiple reflections are
reduced or pieces of oblique image data in which multiple
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reflections are reduced among a plurality of pieces of B-mode
image data at different deflection angles that are generated by
frame sequence. In the first embodiment, B-mode image data
(front image data) at the “deflection angle: 0°” excellent in
lateral resolution and sensitivity is used as central image data
to be multiplied by the coefficient distribution to generate
output image data. Alternatively, in the first embodiment,
image data obtained by compounding a plurality of pieces of
B-mode image data with front image data excellent in lateral
resolution and sensitivity at the center is used as central image
data to be multiplied by the coefficient distribution to gener-
ate output image data. Thus, in the first embodiment, a high-
quality image can be obtained in which multiple reflections
are reduced and also the lateral resolution and the sensitivity
are maintained. It should be noted that, in the first embodi-
ment, the above-described processing may be performed on
signal values of B-mode data. In this case, ultrasound image
data is generated by processing performed by the image gen-
erating unit 14 using data output by the multiplication unit
153.

Second Embodiment

[0084] In the first embodiment, a method has been
described in which the effect of multiple reflection reduction
and the maintenance of lateral resolution and sensitivity are
achieved by performing multiplication processing in frame
sequence instead of conventional methods of performing a
compounding process in frame sequence. The concept of the
processes described in the first embodiment can be used as an
improved method of the conventional method of performing
aspace compounding process in rate sequence described with
reference to FIG. 3B. In a second embodiment, with reference
to FIGS. 10A to 11D, for example, a case will be described in
which the effect of multiple reflection reduction and the main-
tenance of lateral resolution and sensitivity are achieved by
performing multiplication processing in rate sequence. FIGS.
10A to 11D are diagrams illustrating the second embodiment.
[0085] An ultrasound diagnostic apparatus according to the
second embodiment is configured similarly to the ultrasound
diagnostic apparatus according to the first embodiment
described with reference to FIG. 1. However, the data pro-
cessing unit 15 according to the second embodiment per-
forms the following processes.

[0086] Specifically, the acquisition unit 151 according to
the second embodiment acquires received signals corre-
sponding to a plurality of respective reception scan lines at
different deflection angles for at least reception of an ultra-
sound wave. The acquisition unit 151 according to the second
embodiment acquires received signals corresponding to the
respective reception scan lines that are generated by ultra-
sound scanning in which deflection angles for ultrasound
transmission and reception are changed between rates. For
example, the acquisition unit 151 acquires a received-signal
group including a plurality of received signals at different
deflection angles that are generated by ultrasound scanning in
which deflection angles for ultrasound transmission and
reception are changed between rates. The calculation unit 152
according to the second embodiment then calculates coeffi-
cients corresponding to a plurality of respective depths on a
reception scan line at a certain deflection angle, based on
signal values or pixel values that are based on a received
signal corresponding to at least one of reception scan lines at
deflection angles except the certain deflection angle and that
correspond to the respective depths. The coefficients corre-
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sponding to the respective depths constitute a coefficient dis-
tribution. For example, the calculation unit 152 uses received
signals in at least one of deflection angles in directions except
a certain direction among the received-signal group to calcu-
late the coefficient distribution. For example, the calculation
unit 152 calculates the above-described coefficients (the
above-described coefficient distribution) based on a mean
value between pieces of data to be processed. Alternatively,
for example, the calculation unit 152 uses a function includ-
ing arithmetic processing of exponentiating an input value to
calculate the above-described coefficients (the above-de-
scribed coefficient distribution). The multiplication unit 153
according to the second embodiment then multiplies, by the
coefficients, signal values or pixel values that are based on a
received signal corresponding to a reception scan line at a
certain deflection angle or a signal obtained by compounding
received signals corresponding to respective reception scan
lines at a plurality of deflection angles including the certain
deflection angle and that correspond to the respective depths
on the reception scan line corresponding to the certain deflec-
tion angle. For example, the multiplication unit 153 multi-
plies, by the coefficient distribution, a received signal in the
deflection anglein the certain direction or a signal obtained by
compounding received signals in respective deflection angles
in a plurality of directions including the certain direction
among the received-signal group. For example, the multipli-
cation unit 153 performs multiplication processing on data
obtained by weighted addition as the above-described com-
pounding process. The control unit 18 according to the sec-
ond embodiment then causes the monitor 2 to display an
image based on the signal values or the pixel values multi-
plied by the coefficients. For example, the control unit 18
causes the monitor 2 to display ultrasound image data based
on the output data from the multiplication unit 153.

[0087] In rate sequence, when a signal of one reception
scan line is obtained, ultrasound transmission and reception is
performed a plurality of times at different deflection angles
with the direction of this reception scan line at the center. In
the second embodiment, the processes described in the first
embodiment are applied to each received signal obtained by
this transmission and reception performed plurality of times
to obtain received signals in the direction of the reception
scan line as final outputs.

[0088] For example, under the control of the control unit
18, the transmitter-receiver unit 11 causes the ultrasonic
probe 1 to perform ultrasound transmission and reception in
three directions (deflection angles: 0°, +6°, —6°) on a rate-by-
rate basis as illustrated in FIG. 10A. In this manner, three
received signals at different deflection angles are obtained.
The above-described certain direction herein is the direction
of the deflection angle “0°”, which is the direction of the
reception scan line. The acquisition unit 151 then acquires
these three received signals. “Lr(d)” and “Rr(d)” indicated in
FIG. 10A are respectively a left-deflection received signal
and a right-deflection received signal in which multiple
reflection components are reduced by oblique transmission
and reception. “Cr(d)” indicated in FIG. 10A is a received
signal in the direction of the deflection angle “0°”, and is a
front signal (central signal) that can produce an image in
which the lateral resolution and the sensitivity are high but
multiplereflections may have occurred. “(d)” herein indicates
the position of a received signal in the depth direction (recep-
tion scan line direction).
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[0089] The following describes a case in which the calcu-
lation unit 152 calculates the coefficient distribution using
“Lr(d)” and “Rr(d)” as objects to be processed and the mul-
tiplication unit 153 uses “Cr(d)” as an object to be multiplied.
To begin with, the calculation unit 152 obtains “Mr(d)” that is
amean signal of “Lr(d)” and “Rr(d)” that are received signals
in left deflection and right deflection, respectively, as illus-
trated in FIG. 10B. Specifically, the calculation unit 152
obtains “Mr(d)” according to Formula (4):

Mr{d)=(Lr(d)+Rr(D))/2 4)

[0090] The calculation unit 152 then calculates a coeffi-
cient distribution “cof_r(d)” to be given for the central signal
“Cr(d)” in the depth direction “d” from the mean signal “Mr
(d)” as illustrated in FIG. 100. Specifically, the calculation
unit 152 calculates “cof_r(d)” according to Formula (5):

cof_t(d) = (Mr(d)/ P 5
(when Mr(d) > B, cof_1(d)=1.0) }

[0091] In Formula (5) above, the value obtained by raising
a quotient of Mr(d) divided by “p” to the “power of a” is
defined as “cof_r(d)”. In Formula (5) above, “cof_r(d)” is
defined to be “1” when the quotient of Mr(d) divided by “p”
is larger than “1”. “o”” and “f”” herein are values that are set in
advance as described in the first embodiment. Specifically,
“B” means an upper limit of output received signals, and is set
to be equal to or smaller than the maximum value “max” of
the received signals. “f” is preferably set to be about 70% to
80% of “max”. “o.” is preferably set to be a value of about ““%4
to 147,

[0092] The multiplication unit 153 then multiplies the cen-
tral signal “Cr(d)” by the coefficient distribution “cof_r(d)”to
output an output received signal “O_Cr(d)” as illustrated in
FIG. 10D. Specifically, the multiplication unit 153 performs
arithmetic processing of Formula (6):

O_CHA)=Cr(d)*cof _r(d) 6

[0093] The data processing unit 15 performs the above-
described processes on all reception scan lines to output out-
put received signals for one frame. Under the control of the
control unit 18, the image generating unit 14 generates output
image data from the output received-signal group for one
frame as illustrated in FIG. 10E. The monitor 2 then displays
the output image data under the control of the control unit 18.
This output image data becomes a high-quality image in
which multiple reflections are reduced and also the lateral
resolution and the sensitivity are maintained.

[0094] For the above-describe received signals “Lr(d),
Rr(d), Cr(d)”, any of RF signals or IQ signals including phase
information, amplitude signals after phase detection, or loga-
rithmically compressed data of the amplitude signals may be
used. Any of these pieces of data can be used to define coef-
ficients, and multiplication by the obtained coefficients can
produce a high-quality image.

[0095] In the second embodiment also, one oblique
received signal (e.g., “Lr(d)”) may be used to calculate the
coefficient distribution as described in the first embodiment.
In the second embodiment also, the number of directions of
deflection angles can be increased to five or seven as
described in the first embodiment.

[0096] One example of processing performed when the
number of directions is “7” will be described with reference to
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FIGS. 11A to 11D. In FIG. 11A, received signals in seven
directions that are generated by rate sequence of deflection
angles “+6,°, +0,°, +0°, 0°, -6°, -0,°, and -0,° (0,>0,>0)"
are Denoted as “Lr2,Lr1, LrO, Cr, Rr0, Rr1, and R12”, respec-
tively.

[0097] Inthis case, for example, the calculation unit 152 or
the B-mode processing unit 12 generates a mean signal from
the six received signals of “Lr2, Lr1, Lr0, Rr0, Rr1, and Rr2”
as illustrated in FIG. 11B to calculate a coefficient distribu-
tion. In this case, the multiplication unit 153 multiplies “Cr”
by the coefficient distribution.

[0098] Alternatively, for example, the multiplication unit
153 or the B-mode processing unit 12 performs weighted
addition of “Lt0, Cr, Rr0” to generate a central signal as
illustrated in FIG. 11C. Furthermore, for example, the calcu-
lation unit 152 or the B-mode processing unit 12 generates a
mean signal from “Lr2, Lr1, Rrl, Rr2” as illustrated in FIG.
11C to calculate a coefficient distribution.

[0099] Alternatively, received signals used for the mean
signal may be used for the central signal. For example, the
multiplication unit 153 or the B-mode processing unit 12
performs weighted addition of “Lr1, Lr0, Cr, Rr0, Rrl1” to
generate a central signal as illustrated in FIG. 11D. Further-
more, for example, the calculation unit 152 or the B-mode
processing unit 12 generates a mean signal from “Lr2, Lrl,
Rrl, Rr2” as illustrated in FIG. 11D to calculate a coefficient
distribution. Even when these application examples are pet-
formed, it is possible to obtain output received signals from
which output image data can be generated in which multiple
reflections are reduced and also the lateral resolution and the
sensitivity are maintained.

[0100] When the application examples described with ref-
erence to FIGS. 11A to 11D are performed, in the second
embodiment similarly to the first embodiment, in order for the
operator to optionally select settings on “the number of direc-
tions in total” and “the number of directions used for gener-
ating a mean signal and the number of directions used for
generating a central signal”, candidate sets for these numbers
of directions are preferably set in advance.

[0101] As described above, in the second embodiment, by
performing multiplication processing with the coefficient dis-
tribution, the effect of multiple reflection reduction can be
obtained while the lateral resolution and the sensitivity are
being enhanced in comparison with conventional methods in
which spatial compounding between rates is performed.

Third Embodiment

[0102] The concept of the multiplication processing
described in the first embodiment and the second embodi-
ment can be used as an improved method for the conventional
methods of performing a space compounding process in par-
allel simultaneous reception described with reference to FIG.
3A. In a third embodiment, with reference to FIGS. 12A to
13D, for example, a case will be described in which the effect
of multiple reflection reduction and the maintenance of lateral
resolution and sensitivity are achieved by performing multi-
plication processing in parallel simultaneous reception.
FIGS. 12A to 13D are diagrams illustrating the third embodi-
ment.

[0103] An ultrasound diagnostic apparatus according to the
third embodiment is configured similarly to the ultrasound
diagnostic apparatus according to the first embodiment
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described with reference to FIG. 1. However, the data pro-
cessing unit 15 according to the third embodiment performs
the following processes.

[0104] Specifically, the acquisition unit 151 according to
the third embodiment, similarly to the second embodiment,
acquires received signals corresponding to a plurality of
respective reception scan lines at different deflection angles
for at least reception of an ultrasound wave. The acquisition
unit 151 according to the third embodiment herein acquires
received signals corresponding to the respective reception
scan lines that are generated by ultrasound scanning in which
aplurality of reflected waves at different deflection angles for
ultrasound reception are received in response to each ultra-
sound transmission. For example, the acquisition unit 151
acquires a simultaneously-received-signal group including a
plurality of simultaneously received signals at different
deflection angles that are generated by ultrasound scanning in
which reflected waves in a plurality of reception deflection
angles are parallelly and simultaneously received in response
to a transmitted ultrasound wave. The calculation unit 152
according to the third embodiment then, similarly to the sec-
ond embodiment, calculates coefficients corresponding to a
plurality of respective depths on a reception scan line at a
certain deflection angle, based on signal values or pixel values
that are based on a received signal corresponding to at least
oneofreception scan lines at a deflection angle other than the
certain deflection angle and that correspond to the respective
depths. The coefficients corresponding to the respective
depths constitute a coefficient distribution. For example, the
calculation unit 152 uses simultaneously received signals in
at least one of deflection angles in directions except a certain
direction among the simultaneously-received-signal group to
calculate the coeflicient distribution. For example, the calcu-
lation unit 152 calculates the above-described coefficients
(the above-described coefficient distribution) based on a
mean value between pieces of data to be processed. Alterna-
tively, for example, the calculation unit 152 uses a function
including arithmetic processing of exponentiating an input
value to calculate the above-described coefficients (the
above-described coefficient distribution). The multiplication
unit 153 according to the third embodiment then, similarly to
the second embodiment, multiplies, by the coefficients, signal
values or pixel values that are based on a received signal
corresponding to a reception scan line at a certain deflection
angle or a signal obtained by compounding received signals
corresponding to respective reception scan lines at a plurality
of deflection angles including the certain deflection angle and
that correspond to the respective depths on the reception scan
line corresponding to the certain deflection angle. For
example, the multiplication unit 153 multiplies, by the coef-
ficient distribution, a simultaneously received signal in the
deflection angle in the certain direction or a signal obtained by
compounding simultaneously received signals in respective
deflection angles in a plurality of directions including the
certain direction among the simultaneously-received-signal
group. For example, the multiplication unit 153 performs
multiplication processing on data obtained by weighted addi-
tion as the above-described compounding process. The con-
trolunit 18 according to the third embodiment then causes the
monitor 2 to display an image based on the signal values or the
pixel values multiplied by the coefficients. For example, the
control unit 18 causes the monitor 2 to display ultrasound
image data based on the output data from the multiplication
unit 153.
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[0105] 1Inparallel simultaneous reception, when a signal of
one reception scan line is obtained, a plurality of received
signals (simultaneously received signals) at different deflec-
tion angles are simultaneously acquired with the direction of
this reception scan line at the center. In the third embodiment,
the processes described in the second embodiment are
applied to these simultaneously received signals to obtain
signals in the direction of the reception scan line as final
outputs.

[0106] For example, under the control of the transmitter-
receiver unit 11 via the control unit 18, the ultrasonic probe 1
transmits an ultrasound beam in the deflection angle “0°”” and
simultaneously receives reflected waves in three directions
(deflection angles: 0°, +8°, -6°) as illustrated in FIG. 12A. In
this manner, three simultaneously received signals at differ-
ent deflection angles are obtained. The above-described cer-
tain direction herein is the direction of the deflection angle
“0°”, which is the direction of the reception scan line. The
acquisition unit 151 then acquires these three simultaneously
received signals. “Lp(d)” and “Rp(d)” indicated in FIG. 12A
are respectively a left-deflection simultaneously received sig-
nal and a right-deflection simultaneously received signal in
which multiple reflection components are reduced by oblique
transmission and reception. “Cp(d)” indicated in FIG. 12A is
asimultaneously received signal in the direction of the deflec-
tion angle “0°”, and is a front signal (central signal) that can
produce an image in which the lateral resolution and the
sensitivity are high but multiple reflections may have
occurred. “(d)” herein indicates the position of a simulta-
neously received signal in the depth direction (reception scan
line direction).

[0107] For the above-described simultaneously received
signals “Lp(d), “Rp(d), Cp(d)”, similarly to the second
embodiment, any of RF signals or 1Q signals including phase
information, amplitude signals after phase detection, or loga-
rithmically compressed data of the amplitude signals may be
used. Any of these pieces of data can be used to define coef-
ficients described later.

[0108] The following describes a case in which the calcu-
lation unit 152 calculates the coefficient distribution using
“Lp(d)” and “Rp(d)” as objects to be processed and the mul-
tiplication unit 153 uses “Cp(d)” as an object to be multiplied.
To begin with, the calculation unit 152 obtains a mean signal
“Mp(d)” of “Lp(d)” and “Rp(d)” that are simultaneously
received signals in left deflection and right deflection, respec-
tively, as illustrated in FIG. 12B. Specifically, the calculation
unit 152 obtains “Mp(d)” according to Formula (7):

Mp(d)=(Lp(d)+Rp(d))/2 ™
[0109] The calculation unit 152 then calculates a coeffi-
cient distribution “cof_p(d)” to be given for the central signal
“Cp(d)” in the depth direction “d” from the mean signal

“Mp(d)” as illustrated in FIG. 12C. Specifically, the calcula-
tion unit 152 calculates “cof_p(d)” according to Formula (8):

cof_p(d) = (Mp(d)/ B)* } ®
(when Mp(d) > B3, cof_p(d) =1.0)

[0110] In Formula (8) above, the value obtained by raising
a quotient of Mp(d) divided by “p” to the “power of a” is
defined as “cof_p(d)”. In Formula (8) above, “cof_p(d)” is
defined to be “1” when the quotient of Mp(d) divided by “B”
is larger than “1”. “o”” and “f”” herein are values that are set in
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advance as described in the first embodiment and the second
embodiment. Specifically, “P” means an upper limit of output
simultaneously received signals, and is set to be equal to or
smaller than the maximum value “max” of the simultaneously
received signals. “B” is preferably set to be about 70% to 80%

LRI T}

of “max”. “o” is preferably set to be a value of about “V4 to
147,

[0111] The multiplication unit 153 then multiplies the cen-
tral signal “Cp(d)” by the coefficient distribution “cof_p(d)”
to output an output received signal “O_Cp(d)” as illustrated in
FIG. 12D. Specifically, the multiplication unit 153 performs

arithmetic processing of Formula (9):
O_Cp(d)=Cp(d)*cof_pld) ©

[0112] The data processing unit 15 performs the above-
described processes on all reception scan lines to output out-
put received signals for one frame. Under the control of the
control unit 18, the image generating unit 14 generates output
image data from the output received-signal group for one
frame as illustrated in FIG. 12E. The monitor 2 then displays
the output image data under the control of the control unit 18.
This output image data becomes a high-quality image in
which multiple reflections are reduced and also the lateral
resolution and the sensitivity are maintained.

[0113] In the third embodiment also, one oblique simulta-
neously received signal (e.g., “Lp(d)”") may be used to calcu-
late the coeflicient distribution as described in the second
embodiment. In the third embodiment also, the number of
directions of deflection angles can be increased to five or
seven as described in the first embodiment and the second
embodiment.

[0114] One example of processing performed when the
number of directions is *“7” will be described with reference to
FIGS. 13A to 13D. In FIG. 13A, simultaneously received
signals in seven directions that are generated by rate sequence
of deflection angles “+8,°, +8,°, +6°,0°, -8°, -8,°, and -6,,°
(8,>6,>8)” are denoted as “Lp2, Lpl, Lp0, Cp, Rp0, Rp1,
and Rp2”, respectively.

[0115] Inthis case, for example, the calculation unit 152 or
the B-mode processing unit 12 generates a mean signal from
the six received signals of “Lp2, Lpl, LpO, Rp0, Rpl, and
Rp2” as illustrated in FIG. 13B to calculate a coefficient
distribution. In this case, the multiplication unit 153 multi-
plies “Cp” by the coefficient distribution.

[0116] Alternatively, for example, the multiplication unit
153 or the B-mode processing unit 12 performs weighted
addition of “Lp0, Cp, Rp0” to generate a central signal as
illustrated in FIG. 13C. Furthermore, for example, the calcu-
lation unit 152 or the B-mode processing unit 12 generates a
mean signal from “Lp2, Lp1, Rpl, and Rp2” as illustrated in
FIG. 13C to calculate a coefficient distribution.

[0117] Alternatively, simultaneously received signals used
for the mean signal may be used for the central signal. For
example, the multiplication unit 153 or the B-mode process-
ing unit 12 performs weighted addition of “Lp1, Lp0, Cp,
Rp0, and Rpl” to generate a central signal as illustrated in
FIG. 13D. Furthermore, for example, the calculation unit 152
or the B-mode processing unit 12 generates a mean signal
from “Lp2, Lpl, Rpl, Rp2” as illustrated in FIG. 13D to
calculate a coefficient distribution. Even when these applica-
tion examples are performed, it is possible to obtain output
received signals from which output image data can be gener-
ated in which multiple reflections are reduced and also the
lateral resolution and the sensitivity are maintained.
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[0118] When the application examples described with ref-
erence to FIGS. 13A to 13D are performed, in the third
embodiment similarly to the first embodiment and the second
embodiment, in order for the operator to optionally select
settings on “the number of directions in total” and “the num-
ber of directions used for generating a mean signal and the
number of directions used for generating a central signal”,
candidate sets for these numbers of directions are preferably
set in advance.

[0119] As described above, in the third embodiment, by
performing multiplication processing with the coefficient dis-
tribution, the effect of multiple reflection reduction can be
obtained while the lateral resolution and the sensitivity are
being enhanced in comparison with conventional methods in
which spatial compounding is performed in parallel simulta-
neous reception.

Fourth Embodiment

[0120] In a fourth embodiment, a case will be described in
which the processes described in the first to the third embodi-
ments are performed in combination.

[0121] Specifically, in a scan mode (hereinafter, first scan
mode) of the frame sequence described in the first embodi-
ment, a scan mode (hereinafter, second scan mode) of the rate
sequence described in the second embodiment, and a scan
mode (hereinafter, third scan mode) of the parallel simulta-
neous reception described in the third embodiment, settings
of deflection angles can be set independently of each other.
Thus, operations described in the first to the third embodi-
ments can be used together in optional combination. This
enables the achievement of the effect of multiple reflection
reduction and the maintenance of lateral resolution and sen-
sitivity.

[0122] When at least two of the three types of scan modes
are used together, multiplication processing with coefficients
(coefficient distribution) may be performed in at least one of
the scan modes and a conventional method (compounding
process) may be performed in the remaining scan modes. This
also enables the achievement of the effect of multiple reflec-
tion reduction and the maintenance of lateral resolution and
sensitivity.

[0123] In view of this, an ultrasound diagnostic apparatus
according to the fourth embodiment is configured as follows.
The acquisition unit 151 according to the fourth embodiment
has a function of acquiring the image data group (pieces of
ultrasound image data at different deflection angles)
described in the first embodiment, the received-signal group
(received signals corresponding to the respective reception
scan lines at different deflection angles) described in the
second embodiment, and the simultaneously-received-signal
group (received signals corresponding to the respective
reception scan lines at different deflection angles) described
in the third embodiment.

[0124] For example, the calculation unit 152 according to
the fourth embodiment has a function of calculating the coef-
ficients (coefficient distribution) described in the first
embodiment, a function of calculating the coefficients (coef-
ficient distribution) described in the second embodiment, and
a function of calculating the coefficients (coefficient distribu-
tion) described in the third embodiment. For example, the
multiplication unit 153 according to the fourth embodiment
has the multiplication function described in the first embodi-
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ment, the multiplication function described in the second
embodiment, and the multiplication function described in the
third embodiment.

[0125] When at least two of the first scan mode, the second
scan mode, and the third scan mode are used together, the
control unit 18 according to the fourth embodiment performs
control to perform multiplication processing with a coeffi-
cient distribution corresponding to at least one data group in
aplurality of data groups obtained by a scan mode performed.
When there is a data group on which multiplication process-
ing is not performed, the control unit 18 according to the
fourth embodiment performs control to perform a compound-
ing process on the data group. The control unit 18 according
to the fourth embodiment then causes the monitor 2 to display
ultrasound image data that is an image output by these control
processes.

[0126] The following describes processes performed in the
fourth embodiment with reference to FIGS. 14 to 21. FIGS.
14 to 21 are diagrams illustrating the fourth embodiment.
Selection of combinations of scan modes and processes in
each scan mode described below is performed in various
manners. For example, the operator may determine a setting,
or the operator may select a setting from a plurality of presets
that are initially set.

[0127] A case of using together the first scan mode and the
second scan mode will be described with reference 1o FIGS.
14 and 15. FIG. 14 illustrates a case in which three directions
are set as deflection angles for the whole image data in the first
scan mode and. in the second scan mode, when a received
signal is obtained from one reception scan line in image data
of each of the directions, three directions are set for transmis-
sion and reception.

[0128] In this case, processes in each scan mode can be
selected from three types of combinations illustrated in FIG.
15. In FIG. 15, “M” denotes multiplication processing with
the coefficient distribution, and “C” denotes a conventional
compounding process. Specifically, when the first scan mode
and the second scan mode are used together, as illustrated in
FIG. 15, there are three patterns that are cases of performing
the process in “first scan mode: M, second scan mode: M”,
performing the process in “first scan mode: M, second scan
mode: C”, and performing the process in “first scan mode: C,
second scan mode: M”.

[0129] The following describes a case in which the first
scan mode and the third scan mode are used together, with
reference to FIGS. 16 and 17. FIG. 16 illustrates a case in
which three directions are set as deflection angles for the
whole image data in the first scan mode and, in the third scan
mode, when a received signal is obtained from one reception
scan line in image data of each of the directions, three direc-
tions are set for simultaneous reception in response to a trans-
mission beam in one direction.

[0130] In this case, processes in each scan mode can be
selected from three types of combinations illustrated in FIG.
17. Specifically, when the first scan mode and the third scan
mode are used together, as illustrated in FIG. 17, there are
three patterns that are cases of performing the process in “first
scan mode: M, third scan mode: M”, performing the process
in “first scan mode: M, third scan mode: C”, and performing
the process in “first scan mode: C, third scan mode: M”.
[0131] The following describes a case in which the second
scan mode and the third scan mode are used together, with
reference to FIGS. 18 and 19. FIG. 18 illustrates a case in
which three directions are set for transmission and reception
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when a received signal is obtained from one reception scan
line in front image data of “0°” in the second scan mode, and
the third scan mode is set to obtain simultaneously received
signals that, with each direction of these three directions for
transmission and reception at the center, are deflected into
three directions.

[0132] In this case, processes in each scan mode can be
selected from three types of combinations illustrated in FIG.
19. Specifically, when the second scan mode and the third
scan mode are used together, as illustrated in FIG. 19, there
are three patterns that are cases of performing the process in
“second scan mode: M, third scan mode: M”, performing the
process in “second scan mode: M, third scan mode: C”, and
performing the process in “second scan mode: C, third scan
mode: M”.

[0133] The following describes a case in which the first
scanmode, the second scan mode, and the third scan mode are
used together, with reference to FIGS. 20 and 21. FIG. 20
illustrates a case in which three directions are set as deflection
angles for the whole image data in the first scan mode and, in
the second scan mode, when a received signal is obtained
from one reception scan line in image data of each of the
directions, three directions are set for transmission and recep-
tion. FIG. 20 further illustrates in the case that the third scan
mode is set to obtain simultaneously received signals that,
with each direction of these three directions for transmission
and reception in the second scan mode at the center, are
deflected into three directions.

[0134] In this case, processes in each scan mode can be
selected from seven types of combinations illustrated in FIG.
21. Specifically, when the first scan mode, the second scan
mode, and the third scan mode are used together, as illustrated
in FIG. 21, there are cases of performing the process in “first
scan mode: M, second scan mode: M, third scan mode: M”,
performing the process in “first scan mode: M, second scan
mode: M, third scan mode: C”, performing the process in
“first scan mode: M, second scan mode: C, third scan mode:
M, and performing the process in “first scan mode: C, second
scan mode: M, third scan mode: M”. In addition, when the
first scan mode, the second scan mode, and the third scan
mode are used together, as illustrated in FIG. 21, there are
cases of performing the process in “first scan mode: M, sec-
ond scan mode: C, third scan mode: C”, performing the pro-
cess in “first scan mode: C, second scan mode: M, third scan
mode: C”, and performing the process in “first scan mode: C,
second scan mode: C, third scan mode: M”.

[0135] Performing any of the processes illustrated in FIGS.
15, 17, 19, and 20 can also produce a high-quality image in
which multiple reflections are reduced and also the lateral
resolution and the sensitivity are maintained. It should be
noted that the foregoing describes merely examples. For
example, in the case in which the first scan mode, the second
scan mode, and the third scan mode are used together, seven
directions may be set as deflection angles for the whole image
data in the first scan mode and, in the second scan mode, when
a received signal is obtained from one reception scan line in
image data in each of the directions, five directions for trans-
mission and reception may be set. In this case, the third scan
mode may be further set to obtain simultaneously received
signals that, with each direction of these five directions for
transmission and reception in the second scan mode at the
center, are deflected into three directions.

[0136] According to the fourth embodiment described
above, a degree of flexibility in an image-quality setting
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method using a coefficient distribution with multiplication
processing combined can be increased depending on an
image-quality request that the operator desires. Specifically,
the fourth embodiment allows the operator to select, from the
setting candidate sets, setting of image quality that is deter-
mined by which of the responsivity, the frame rate, the spatial
resolution (lateral resolution), the sensitivity, and the multiple
reflection components priority is placed on, in view of the
balance therebetween.

Fifth Embodiment

[0137] In the first to the fourth embodiments, cases have
been described in which mean values in a plurality of direc-
tions are used with respect to image signals with deflection or
received signals with deflection when a coefficient distribu-
tion s calculated. In a fifth embodiment, with respect to signal
components and noise components such as multiple reflec-
tion components, another configuration example that exerts
the same effect as the mean values will be described below
with reference to formulae, for example.

[0138] As described in the first embodiment, like a scat-
tered signal (real signal), if a signal level does not change in
a certain region even when seen from either the right or the
left, correlation between pieces of data is high. In contrast,
like multiple reflection components, if the appearance posi-
tion changes depending on the respective deflections to the
right and to the left, correlation in signal level at a certain
region is low between right deflection signals and left deflec-
tion signals.

[0139] Accordingly, the calculation unit 152 according to
the fifth embodiment, as a process directly using these char-
acteristics, calculates coefficients (coefficient distribution)
based on local cross-correlation coefficient values between
pieces of data to be processed. Alternatively, the calculation
unit 152 according to the fifth embodiment, as a process
indirectly using these characteristics, calculates coefficients
(coefficient distribution) based on difference values between
pieces of data to be processed.

[0140] The following describes a case of calculating a coef-
ficient distribution “cof(x,y)” based on the cross-correlation
coefficient values and a case of calculating a coefficient dis-
tribution “cof(x,y) based on difference values, using the left-
deflection image data and the right-deflection image data
described in the first embodiment. The content described
below can be applied to the second, the third, or the fourth
embodiment by using data to be handled as received signals.
[0141] A calculation example of the coefficient distribution
based on cross-correlation coefficient values will be
described. For example, the calculation unit 152 calculates
cross-correlation coeflicients “corr(x,y) between “I(x.y)”
and “R(x,y)” in the overlapping area illustrated in FIG. 4B,
and calculates a coefficient distribution “cof(x,y)” from “corr
(x,y)” according to Formula (10):

cof (x, ) = (corr(x, y)/ B) } (10)
(when corr(x, y) > B, cof (x, ¥) = 1.0)

[0142] InFormula(10)above, the value obtained by raising
aquotient of “corr(x,y)” divided by “f” to the “power of & is
defined as “cof(x,y)”. In Formula (10) above, “cof(x,y)” is
defined to be “1” when the quotient of “corr(x,y)” divided by
“B” 1is larger than “1”. “o” and “P” herein are set values
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described in the first embodiment. Formula (10) above means
that the cross-correlation coefficient value itself is used as a
coefficient value on the assumption that “a=1.0, §=1.0".

[0143] In a case that the number of directions of lateral
deflection is equal to or larger than three, when priority is
given to increasing the effect of multiple reflection reduction,
the calculation unit 152 calculates cross-correlation coefti-
cients between all pairs of signals that can be combined. The
calculation unit 152 then substitutes a minimum value “min_
corr(x,y)” of a plurality of cross-correlation coefficients thus
calculated for “corr(x,y)” in Formula (10).

[0144] In the case that the number of directions of lateral
deflection is equal to or larger than three, when priority is
given to keeping a balance between the maintenance of signal
components and the effect of multiple reflection reduction,
the calculation unit 152 substitutes an average value “ave_
corr(x,y)” of the cross-correlation coefficients calculated for
“corr(x,y)” in Formula (10). The operator can determine
which of these two methods to be selected.

[0145] Because the cross-correlation coefficients herein
can be obtained by giving a certain degree of expansion
“(£0x,xdy)” with “(x,y)” at the center, the spatial stability
with respect to correlation estimation is relatively high. How-
ever, because expansion in the same degree as “(£8x,+dy)” is
generated also in “cof(x,y)” that is obtained with the cross-
correlation coefficients, it 1s sometimes difficult to maintain
the spatial resolution with respect to coefficient control.

[0146] In contrast, in a configuration of using difference
values as a process indirectly using the above-described char-
acteristics, the spatial resolution can be increased more than
the case of using cross-correlation coefficients. For example,
the calculation unit 152 calculates a difference value “D(x,y)”
between signals in “L(x,y)” and “R(x,y)” according to For-
mula (11) below in the overlapping area illustrated in FIG.
4B.Inareas excluding the overlapping area, “L(x,y)” or “R(x,

y)"is “Dixy)”
DGyysqri(Ly)-R(x3)) an

[0147] In this configuration, the coefficient distribution
“cof(x,y)” is defined by using the fact that difference values
are small when the correlation between “L(x,y)” and “R(x,y)”
being the left and the right deflection signals is high, and the
difference values are large when the correlation is low. In this
configuration, the calculation unit 152 calculates “sub(x,y)”
according to Formula (12) below from the maximum value
“max” of the input signals described above and “D(x.y)”. The
value of “sub(x,y)” obtained by Formula (12) below is large
when the correlation is high, and the value is small when the
correlation is low.

sub(x, y)=max—-D(x,y) (12)
[0148] The calculation unit 152 then calculates a coeffi-

cient distribution “cof(x,y)” from “sub(x,y) according to For-
mula (13):

cof (%, y) = (sub(x, ¥)/ B } 13
(when sub(x, y) > B. cof (x, y) = 1.0)

[0149] InFormula(13)above, the value obtained by raising
aquotient of “sub(x,y)” divided by “p” to the “power of «” is
defined as “cof(x,y)”. In Formula (13) above, “cof(x.y)” is
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defined to be “1” when the quotient of “sub(x,y)” divided by
“PB” is larger than “1”. “a”” and “B” herein are the same set
values as described above.

[0150] Furthermore, in the fifth embodiment, the coeffi-
cient distribution may be calculated by using the mean values
together with the difference values. In this case, the calcula-
tion unit 152 according to the fifth embodiment calculates
coefficients (coefficient distribution) based on a difference
value between pieces of data to be processed and mean values
between the pieces of data to be processed. For example, the
calculation unit 152 calculates “sub(x,y)” according to For-
mula (14) below using “max”, “D(x,y)”, and “M(x,y)”. The
calculation unit 152 then substitutes “sub(x,y)” obtained by
Formula (14) below for “sub(x,y)” in Formula (13) to calcu-
late a coefficient distribution “cof(x,y)”.

sub(x, y) = max—D(x, v)/M(x, ) (M(x,y)#0) 14)
=0.0 (M(x,y)=0)
[0151] In Formula (14) above, “sub(x,y)” is defined to be

“0.0” when “M(x,y)” is “0”, and the magnitude of the differ-
ence value “D(x,y)” is normalized with the mean value “M(x,
y)” when “M(x,y)” s not “0”. In the fifth embodiment, using
the definition of Formula (14) can automatically provide an
appropriate coefficient depending on the level of an input
signal.

[0152] Inthe configuration of using difference values, and
also in the configuration of using difference values and mean
values, in the case that the number of directions of lateral
deflection is equal to or larger than three, when priority is
given to increasing the effect of multiple reflection reduction,
the calculation unit 152 calculates difference values between
all pairs of signals that can be combined. The calculation unit
152 then substitutes the maximum value “max_D(x,y)” of a
plurality of difference values thus calculated for “D(x,y)” in
Formula (12) or Formula (14) to calculate “sub(x,y)”.
[0153] Alternatively, in the case that the number of direc-
tions of lateral deflection is equal to or larger than three, when
priority is given to keeping a balance between the mainte-
nance of signal components and the effect of multiple reflec-
tion reduction, the calculation unit 152 substitutes an average
value “ave_D(x,y)” of the difference values calculated for
“D(x,y)” in Formula (12) or Formula (14) to calculate “sub
(x,y)”. The operator can determine which of these two meth-
ods to be selected.

[0154] Itshould be noted that, in all of the configuration of
using cross-correlation coefficient values, the configuration
of using difference values, and the configuration of using
difference values and mean values, when lateral deflection
signals do not overlap, a coefficient generation method (see
the first to the third embodiments) is preferably used in which
mean values of signals in at least one direction of the lateral
deflection signals are used.

[0155] By the coeflicient generation method described in
the fifth embodiment also, a high-quality image can be
obtained in which multiple reflections are reduced and also
the lateral resolution and the sensitivity are maintained.
[0156] The ultrasound imaging methods described in the
first to the fifth embodiments can be applied to not only a case
of imaging general B-mode image data but also, as a modifi-
cation, a case of performing harmonic imaging such as tissue
harmonic imaging (THI) or contrast harmonic imaging
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(CHI). Furthermore, the ultrasound imaging methods
described in the first to the fifth embodiments can be applied
to a case of using together frequency compounding, which is
a method of compounding image signals in a plurality of
frequency bands, in addition to the above-described spatial
compounding process.

[0157] Furthermore, the ultrasound imaging methods
described in the first to the fifth embodiments can be applied
to not only a case of imaging two-dimensional ultrasound
image data but also a case of imaging volume data as a
modification.

[0158] For example, when a mechanical four-dimensional
probe is used as the ultrasonic probe 1, volume data is gen-
erated by compounding a plurality of tomographic views that
are obtained by mechanically swinging the transducer ele-
ment group. In this case, setting a plurality of directions at
different deflection angles in each of the tomographic views
can provide high-quality volume data in which multiple
reflections are reduced and also the lateral resolution and the
sensitivity are maintained.

[0159] Furthermore, for example, when a two-dimensional
array probe that performs three-dimensional real-time scan-
ning is used as the ultrasonic probe 1, the ultrasound imaging
methods described in the first to the fifth embodiments can be
used. FIG. 22 is a diagram illustrating a modification. In this
case, as illustrated in FIG. 22, for example, onan array surface
(transducer element surface) of a two-dimensional array
transducer element, by two-dimensionally setting a plurality
of directions at different deflection angles in the azimuth
direction and also in the elevation direction, high-quality
volume data can be obtained in which multiple reflections are
reduced and also the lateral resolution and the sensitivity are
maintained. Two-dimensional image data generated from this
volume data also becomes a high-quality image in which
multiple reflections are reduced and also the lateral resolution
and the sensitivity are maintained.

[0160] Among the processes described in the first to the
fifth embodiments and the modifications, all or part of pro-
cesses described as automatically performed processes can be
manually performed, and all or part of processes described as
manually performed processes can be automatically per-
formed by a known method. In addition, information includ-
ing processing procedures, control procedures, specific
names, various types of data or parameters may be optionally
changed except as otherwise specified.

[0161] The components of each device illustrated are func-
tionally conceptual, and are not necessarily required to be
physically configured as illustrated in the drawings. In other
words, concrete forms of distribution and integration of the
units are not limited to those illustrated in the drawings, and
all or part of the units can be configured to be functionally or
physically distributed and integrated in an arbitrary unit
depending on various loads and conditions in use. Further-
more, all or an arbitrary part of the processing functions
performed by the respective units can be implemented by a
CPU and a computer program to be executed by the CPU, or
can be implemented as hardware by wired logic.

[0162] The ultrasound imaging methods described in the
first to the fifth embodiments and the modifications described
above can be achieved by executing control programs pre-
pared in advance in a computer such as a personal computer
or a work station. The ultrasound imaging methods can be
distributed via a network such as the Internet. Furthermore,
the ultrasound imaging methods can be stored in a computer-
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readable recording medium such as a hard disc, a flexible disc
(FD), a CD-ROM, an MO, and a DVD, and read out from the
recording medium by the computer.

[0163] As described in the foregoing, according to the first
to the fifth embodiments and the modifications, a high-quality
image can be obtained in which multiple reflections are
reduced and also the lateral resolution and the sensitivity are
maintained.

[0164] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an acquisition unit configured to acquire a plurality of
pieces of ultrasound image data at different deflection
angles for ultrasound transmission and reception;

a calculation unit configured to calculate coefficients cor-
responding to a plurality of respective positions in a
piece of ultrasound image data corresponding to a cer-
tain deflection angle based on signal values or pixel
values corresponding to the respective positions in at
least one piece of ultrasound image data corresponding
to a deflection angle other than the certain deflection
angle;

a multiplication unit configured to multiply, by the coeffi-
cients, signal values or pixel values corresponding to the
respective positions in the piece of ultrasound image
data corresponding to the certain deflection angle, or
signal values or pixel values corresponding to the
respective positions in a piece of image data that is
obtained by compounding pieces of ultrasound image
data corresponding to a plurality of respective deflection
angles including the certain deflection angle; and

a control unit configured to cause a display unit to display
an image based on the signal values or the pixel values
multiplied by the coefficients.

2. An ultrasound diagnostic apparatus comprising:

an acquisition unit configured to acquire received signals
corresponding to a plurality of respective reception scan
lines at different deflection angles for at least reception
of an ultrasound wave;

an calculation unit configured to calculate coefficients cor-
responding to a plurality of respective depths on a recep-
tion scan line at a certain deflection angle, based on
signal values or pixel values that are based on a received
signal corresponding to at least one of reception scan
lines at deflection angles except the certain deflection
angle and that correspond to the respective depths;

a multiplication unit configured to multiply, by the coeffi-
cients, signal values or pixel values that are based on a
received signal corresponding to a reception scan line at
the certain deflection angle or a signal obtained by com-
pounding received signals corresponding to respective
reception scan lines at a plurality of deflection angles
including the certain deflection angle and that corre-
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spond to the respective depths on the reception scan line
corresponding to the certain deflection angle; and

a control unit configured to cause a display unit to display
an image based on the signal values or the pixel values
multiplied by the coefficients.

3. An ultrasound diagnostic apparatus comprising:

an acquisition unit having a function of acquiring a plural-
ity of pieces of ultrasound image data at different deflec-
tion angles that are generated by first ultrasound scan-
ning in which deflection angles for ultrasound
transmission and reception are changed between frames,
a function of acquiring received signals corresponding
to a plurality of respective reception scan lines that are
generated by second ultrasound scanning in which
deflection angles for ultrasound transmission and recep-
tion are changed between rates, and a function of acquir-
ing received signals corresponding to a plurality of
respective reception scan lines that are generated by
third ultrasound scanning in which a plurality of
reflected waves at different deflection angles for ultra-
sound reception are received in response to each ultra-
sound transmission;

a calculation unit having a function of, in the first ultra-
sound scanning, calculating coefficients corresponding
to a plurality of respective positions in a piece of ultra-
sound image data corresponding to a certain deflection
angle, based on signal values or pixel values that corre-
sponding to the respective positions in at least one piece
of ultrasound image data corresponding to a deflection
angle other than the certain deflection angle; and a func-
tion of, in the second ultrasound scanning and the third
ultrasound scanning, calculating coefficients corre-
sponding to the respective depths on a reception scan
line at a certain deflection angle, based on signal values
or pixel values that are based on a received signal cor-
responding to at least one of reception scan lines at a
deflection angle other than the certain deflection angle
and that correspond to the respective depths;

a multiplication unit having a function of, in the first ultra-
sound scanning, multiplying, by the coefficients for the
corresponding positions, signal values or pixel values
corresponding to the respective positions in the piece of
ultrasound image data corresponding to the certain
deflection angle, or signal values or pixel values corre-
sponding to the respective positions in a piece of image
data that is obtained by compounding pieces of ultra-
sound image data corresponding to a plurality of respec-
tive deflection angles including the certain deflection
angle; and a function of, in the second ultrasound scan-
ning and the third ultrasound scanning, multiplying, by
the coefficients for the corresponding depths, signal val-
ues or pixel values that are based on a received signal
corresponding to the reception scan line at the certain
deflection angle or a signal obtained by compounding
received signals corresponding to respective reception
scan lines at a plurality of deflection angles including the
certain deflection angle and that correspond to the
respective depths on the reception scan line correspond-
ing to the certain deflection angle; and

a control unit configured to, when at least two of the first
ultrasound scanning, the second ultrasound scanning,
and the third ultrasound scanning are used together,
perform control to perform multiplication processing
with coefficients corresponding to at least one data
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group in a plurality of data groups obtained by ultra-
sound scanning performed; when there is a data group
on which multiplication processing is not performed,
perform control to perform a compounding process on
the data group; and cause a display unit to display an
image output by the control.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the acquisition unit acquires the pieces of ultra-
sound image data generated by ultrasound scanning in which
deflection angles for ultrasound transmission and reception
are changed between frames.
5. The ultrasound diagnostic apparatus according to claim
2, wherein the acquisition unit acquires received signals cor-
responding to the respective reception scan lines that are
generated by ultrasound scanning in which deflection angles
for ultrasound transmission and reception are changed
between rates.
6. The ultrasound diagnostic apparatus according to claim
2, wherein the acquisition unit acquires received signals cor-
responding to the respective reception scan lines that are
generated by ultrasound scanning in which a plurality of
reflected waves at different deflection angles for ultrasound
reception are received in response to each ultrasound trans-
mission.
7. The ultrasound diagnostic apparatus according to claim
1, wherein the calculation unit calculates the coefficients
based on mean values between pieces of data to be processed.
8. The ultrasound diagnostic apparatus according to claim
2, wherein the calculation unit calculates the coefficients
based on mean values between pieces of data to be processed.
9. The ultrasound diagnostic apparatus according to claim
1, wherein the calculation unit calculates the coefficients
based on local cross-correlation coefficient values between
pieces of data to be processed, based on difference values
between the pieces of data to be processed, or based on the
difference values and mean values between the pieces of data
to be processed.
10. The ultrasound diagnostic apparatus according to claim
2, wherein the calculation unit calculates the coefficients
based on local cross-correlation coefficient values between
pieces of data to be processed, based on difference values
between the pieces of data to be processed, or based on the
difference values and mean values between the pieces of data
to be processed.
11. The ultrasound diagnostic apparatus according to claim
7, wherein the calculation unit calculates the coefficients
using a function including arithmetic processing of exponen-
tiating an input value.
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12. The ultrasound diagnostic apparatus according to claim
8, wherein the calculation unit calculates the coefficients
using a function including arithmetic processing of exponen-
tiating an input value.

13. The ultrasound diagnostic apparatus according to claim
9, wherein the calculation unit calculates the coefficients
using a function including arithmetic processing of exponen-
tiating an input value.

14. The ultrasound diagnostic apparatus according to claim
10, wherein the calculation unit calculates the coefficients
using a function including arithmetic processing of exponen-
tiating an input value.

15. The ultrasound diagnostic apparatus according to claim
1, wherein the multiplication unit performs multiplication
processing on data obtained by weighted addition as the com-
pounding.

16. The ultrasound diagnostic apparatus according to claim
2, wherein the multiplication unit performs multiplication
processing on data obtained by weighted addition as the com-
pounding.

17. An ultrasound imaging method comprising:

acquiring, by an acquisition unit, a plurality of pieces of
ultrasound image data at different deflection angles for
ultrasound transmission and reception;

calculating, by a calculation unit, coefficients correspond-
ing to a plurality of respective positions in a piece of
ultrasound image data corresponding to a certain deflec-
tion angle based on signal values or pixel values corre-
sponding to the respective positions in at least one piece
of ultrasound image data corresponding to a deflection
angle other than the certain deflection angle;

multiplying, by a multiplication unit, by the coefficients,
signal values or pixel values corresponding to the
respective positions in the piece of ultrasound image
data corresponding to the certain deflection angle, or
signal values or pixel values corresponding to the
respective positions in a piece of image data that is
obtained by compounding pieces of ultrasound image
data corresponding to a plurality of respective deflection
angles including the certain deflection angle; and

causing, by a control unit, a display unit to display an image
based on the signal values or the pixel values multiplied
by the coefficients.

* ok % % ¥



TRBR(F) BE IR MBS &5 %
[ (RE)S US20150011882A1 F(aE)A 2015-01-08
RiES US14/324670 RiEHR 2014-07-07
FRIFE(FRRAE) HALUHTRZS
REZESTRGHA &4
RRiE (TR A(F) KRR Z
REZETRGNTA
HABRBEAAF) KRR Z
REZBETRG AT
R H A ABE YASUHIKO
V-3 PN ABE, YASUHIKO
IPCH%5 A61B8/08 A61B8/14
CPCH%5 A61B8/14 A61B8/5207 G01S7/52085 G01S7/52095 G01S15/8979 G01S15/8995
1 564X 2013142807 2013-07-08 JP
H AT 3R US10524767
SAEBEE Espacenet USPTO
BEG®) &

—FBEERIMKE B KRR  UTENREAERNS &E
EFREGHEEUTEEAETENNTRTBEREACANREANE
PP EFRGHBEFNENMENNNESHERE , HESHNT
BE R ANEE R GBE PR MNMIEXT B4R L L TR B
TERERKANNNEFREBEFHEMENREY , FEHEE
B, FENNTEIEARFRGRENEGRETNEMIENES
FEREENN TR - EREANEMERANBE RHETEETE
RETESAERERURKIEREK,

AVERAG-|_{

NG

|

patsnap


https://share-analytics.zhihuiya.com/view/1fe77b79-aa24-4365-b212-6505eb390d64
https://worldwide.espacenet.com/patent/search/family/052133279/publication/US2015011882A1?q=US2015011882A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150011882%22.PGNR.&OS=DN/20150011882&RS=DN/20150011882

