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ment between image signals for the subject; and a synthesizer
generating the frame acoustic line signal based on the sub-
frame acoustic line signals. The number of sub-frame acous-
tic line signals that the synthesizer uses to generate a frame
acoustic line signal decreases when the motion amount is
equal to or greater than a predetermined threshold.
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ULTRASOUND SIGNAL PROCESSING
DEVICE AND ULTRASOUND DIAGNOSTIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on an application No.
2015-002804 filed in Japan, the contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present disclosure is related to an ultrasound
signal processing device, and an ultrasound diagnostic device
utilizing the ultrasound signal processing device. In particu-
lar, the present disclosure relates to beam forming in an ultra-
sound signal processing device.

[0004] (2) Description of the Related Art

[0005] Typically, an ultrasound diagnostic device transmits
ultrasound towards the inside of a subject via an ultrasound
probe (referred to in the following as a “probe”), and receives
reflected ultrasound (an echo) via the probe. The reflected
ultrasound is generated within the subject due to tissues in the
subject having different acoustic impedances. Further, an
ultrasound diagnostic device generates an ultrasound tomo-
graphic image based on electric signals acquired through the
reception of the reflected ultrasound, and displays the ultra-
sound tomographic image on a monitor (referred to in the
following as a “display unit”). An ultrasound tomographic
image shows the structures of tissues inside the subject. Ultra-
sound diagnostic devices are widely used for the shape diag-
nosis of subjects, for having low invasiveness and achieving
real-time observation of tissues through tomographic images
and the like.

[0006] A typical method applied in conventional ultra-
sound diagnostic devices for reception beam forming (i.e.,
forming signals based on received reflected ultrasound (echo
signals)) is so-called delay-and-sum (DAS) beam forming.
One example of delay-and-sum beam forming can be found
disclosed in pages 42-45 of “Ultrasound Diagnostic Device”,
written by Masayasu Itou and Tsuyoshi Mochizuki and pub-
lished by Corona Publishing Co., Ltd (Aug. 26, 2002).
[0007] FIG. 24 is a schematic illustrating reception beam
forming in a conventional ultrasound diagnostic device. The
conventional ultrasound diagnostic device illustrated in FIG.
24 includes a probe 201 and a reception beam former 202. The
probe 201 includes a plurality of ultrasound transducer ele-
ments (referred to in the following as “transducer elements”)
201a that receive ultrasound reflection (echo signals) from
the subject. The reception beam former 202 electrically con-
verts the reflected ultrasound received by the transducer ele-
ments 201« into analog electronic signals, converts the analog
electronic signals into digital electronic signals through some
amplificationand A/D conversion, and performs delaying and
summing of the digital electronic signals. The reception beam
former 202 includes a plurality of delaying units 2021, and an
adding unit 2022. The delaying units 2021 are each associated
with a corresponding one of the transducer elements 2014,
and performs amplification, A/D conversion, and delaying
with respect to an electric signal. The adding unit 2022 pro-
vides signals output from the delay units 2021 with weights
referred to as so-called apodization weights, and sums the
weighted signals. The reception beam former 202 generates

Jul. 14,2016

and outputs an acoustic line signal by each of the delaying
units 2021 performing delaying with respect to an electric
signal based on reflected ultrasound obtained by the corre-
sponding transducer element 201a, and by the adding unit
2022 summing the delayed electric signals obtained from the
delaying units 2021. Typically, the delay amount that each
delaying unit 2021 applies is based on the distance between
the corresponding transducer element 201a and the measure-
ment point, which is located along the central axis of the
transmitted ultrasound beam.

[0008] In specific, suppose that: P denotes a measurement
point that is at a given depth inside the subject and that is
located along the central axis of the transmitted ultrasound
beam; C denotes a transducer element, among the plurality of
transducer elements, that is closest to the measurement point
P; d_ denotes the distance between the measurement point P
and the transducer element C; m denotes a transducer element
other than the transducer element C; dm denotes the distance
between the measurement point P and the transducer element
m; and cs denotes ultrasound velocity. Here, the time point at
which reflected ultrasound from the measurement point P
arrives at the transducer element m is later than the time point
at which reflected ultrasound from the measurement point P
arrives at the transducer element C by (d,,/cs—-d /cs). Thus, by
calculating the time point at which reflected ultrasound from
the measurement point P arrives at the transducer element C,
the time point at which reflected ultrasound from the mea-
surement point P arrives at the transducer element m can be
calculated based on this difference (d,/cs—d_/cs). As such,
each delaying unit 2021 specifies a reception signal for the
corresponding transducer element 201a by considering the
difference between arrival times of reflected ultrasound, and
the adding unit 2022 generates an acoustic line signal by
summing the reception signals specified by the delaying units
2021. This reception beam forming method is capable of
acquiring high quality ultrasound images with high resolution
and low noise around a transmission focal point. A transmis-
sion focal pointis a point at a given depth in the subject where
the wavefront of transmitted ultrasound converges.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] Meanwhile, the conventional reception beam form-
ing method has difficulty in acquiring high quality ultrasound
images from areas within an ultrasound irradiation area that
are far from the transmission focal point. In addition, appli-
cation of the conventional reception beam forming method
may result in motion artifacts, such as image blurs and false
images, occurring in ultrasound images in response to move-
ments such as the movement of the body of the subject and the
movement of the probe.

[0010] Inview of such technical problems, the present dis-
closure provides an ultrasound signal processing device and
an ultrasound diagnostic device utilizing the ultrasound sig-
nal processing device that are capable of generating high
quality ultrasound images (i.e., ultrasound images with high
resolution and low noise) with reduced motion artifacts from
the entire ultrasound irradiation area.

Means for Solving the Problems

[0011] Oneaspect of the present disclosure is an ultrasound
signal processing device (1) performing a sequence of trans-
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mission events each involving selecting a first group of trans-
ducer elements from among a plurality of transducer ele-
ments of an ultrasound probe that are arranged in at least one
line along a transducer element array direction, and causing
each transducer element in the first group to transmit ultra-
sound towards a subject; (ii) for each of the transmission
events, generating a sub-frame acoustic line signal based on
ultrasound reflection received from the subject in response to
the transmission event, to yield a plurality of sub-frame
acoustic line signals each corresponding to a different one of
the transmission events; and (iii) generating a frame acoustic
line signal for the sequence based on the sub-frame acoustic
line signals for the transmission events, the ultrasound signal
processing device including ultrasound signal processing cir-
cuitry that operates as: a transmitter that, in each of the trans-
mission events, selects the first group and causes each trans-
ducer element in the first group to transmit ultrasound
towards the subject, the transmitter selecting the first group
such that the first group shifts in the transducer element array
direction from one transmission event to another; a receiver
that, for each of the transmission events, selects a second
group of transducer elements from among the plurality of
transducer elements of the ultrasound probe, and generates a
reception signal sequence for each transducer element in the
second group based on ultrasound reflection received by the
transducer element; a target area setter that, for each of the
transmission events, sets a target area being a virtual signal
area for generating the sub-frame acoustic line signal for the
transmission event; a delay-and-sum calculator that, for each
of the transmission events, generates the sub-frame acoustic
line signal by performing, for each measurement point that is
included in the target area for the transmission event, delay-
and-sum processing with respect to one or more reception
signal sequences generated based on ultrasound reflection
received from the measurement point; and a synthesizer gen-
erating the frame acoustic line signal for the sequence based
on the sub-frame acoustic line signals for the transmission
events, and in the ultrasound signal processing device, the
ultrasound signal processing circuitry further operates as a
motion amount calculator that calculates, based on reflected
ultrasound, a motion amount indicating movement between
image signals for the subject, and the number of sub-frame
acoustic line signals that the synthesizer uses to generate a
frame acoustic line signal decreases when the motion amount
is equal to or greater than a predetermined threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and the other objects, advantages and features
of the technology pertaining to the present disclosure will
become apparent from the following description thereof
taken in conjunction with the accompanying drawings, which
illustrate specific embodiments of the technology pertaining
to the present disclosure.

[0013]

[0014] FIG.1is a functional block diagram illustrating the
structure of an ultrasound diagnostic device 100 pertaining to
embodiment 1;

[0015] FIG. 2 is a schematic illustrating a propagation path
of ultrasound transmitted from a transmission beam former
103;

[0016] FIG. 3 is a functional block diagram illustrating the
structure of a reception beam former 104;

In the drawings:
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[0017] FIG. 4 is a schematic illustrating one example of
how a motion amount calculator 109 calculates a motion
amount;

[0018] FIG. 5 is a schematic illustrating how a width of a
target area Bx in a transducer element array direction is
changed depending upon the motion amount;

[0019] FIG. 6 is a functional block diagram illustrating the
structure of a delay-and-sum calculator 1041;

[0020] FIG. 7 is a schematic illustrating the relationship
between a reception aperture Rx set by a reception aperture
setter 1042 and a transmission aperture Tx;

[0021] FIG. 8is a schematic illustrating a propagation path
of ultrasound that is transmitted from the transmission apet-
ture Tx, is reflected at a measurement point Pij within the
target area Bx, and arrives at a reception transducer element
Rk included in the reception aperture Rx;

[0022] FIG. 9 is a functional block diagram illustrating the
structure of a synthesizer 1049;

[0023] FIG. 10 is a schematic illustrating processing by a
combiner 10491 for generating a combined acoustic line sig-
nal;

[0024] each of FIGS. 11A and 11B is a schematic illustrat-
ing a maximum ovetlap count of the combined acoustic line
signal, with FIG. 11A corresponding to a small motion
amount and FIG. 11B corresponding to a great motion
amount;

[0025] each of FIGS.12A and 12B is aschematic providing
an overview of amplification by an amplifier 10492, with
FIG. 12A corresponding to a small motion amount and FIG.
12B corresponding to a great motion amount;

[0026] FIG. 13 is a flowchart illustrating the operations of
the reception beam former 104 for beam forming;

[0027] FIG. 14 is a flowchart illustrating how the reception
beam former 104 sets the target area Bx;

[0028] FIG. 15 is a flowchart illustrating the operations of
the reception beam former 104 for generating an acoustic line
signal for measurement point Pij;

[0029] FIG. 16 is a schematic for explaining the operations
of the reception beam former 104 for generating an acoustic
line signal for measurement point Pij;

[0030] FIG. 17 includes photographs of B-mode images
generated by the ultrasound diagnostic device 100 based on
frame acoustic line signals;

[0031] FIG. 18 includes photographs of B-mode images
generated by the ultrasound diagnostic device 100 based on
frame acoustic line signals generated without performing the
amplification;

[0032] FIG. 19 is a schematic illustrating the relationship
between a reception aperture Rx set by a reception aperture
setter 1042A of an ultrasound diagnostic device pertaining to
modification 1 and a transmission aperture Tx;

[0033] FIG. 20 is a flowchart illustrating the operations of a
reception beam former of the ultrasound diagnostic device
pertaining to modification 1 for beam forming;

[0034] FIG. 21 is a flowchart illustrating the operations of
the reception beam former of the ultrasound diagnostic device
pertaining to modification 1 for generating an acoustic line
signal for measurement point Pij;

[0035] FIG. 22 is afunctional block diagram illustrating the
structure of a reception beam former 104 A of an ultrasound
diagnostic device pertaining to embodiment 2;

[0036] FIG. 23 is a flowchart illustrating the operations of
the reception beam former 104A for beam forming; and
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[0037] FIG. 24 is a schematic for explaining the operations
of a reception beam former 202 of a conventional ultrasound
signal processing device.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] The following describes embodiments of the tech-
nology pertaining to the present disclosure.

<How Inventors Arrived at Aspects of Present Disclosure>

[0039] The present inventor carried out extensive research
for improving resolution and signal-to-noise ratio (SNR) of
ultrasound images generated by ultrasound diagnostic
devices.

[0040] The conventional ultrasound diagnostic device dis-
closed in “Ultrasound Diagnostic Device” performs trans-
mission beam forming (i.e., transmission of ultrasound by a
plurality of transducer elements towards the inside of the
subject) such that a transmitted ultrasound beam converges
(focuses) at a predetermined depth inside the subject. When
performing transmission beam forming in such a manner, the
ultrasound beam has high definition when a measurement
point P is at or near the transmission focal point, due to the
ultrasound beam being relatively focused at or near the trans-
mission focal point. Further, the S/N ratio (here, S denotes
echo from measurement point P, and N denotes signals from
other areas inside the subject) of ultrasound reflection (echo
signals) acquired from such a measurement point is also high,
due to high spatial energy density at the measurement point.
This results in an acoustic line signal with high resolution and
high S/N ratio being acquired, and ultimately, in a high qual-
ity ultrasound image being acquired. Meanwhile, even if the
measurement point P is located along the central axis of the
transmitted ultrasound beam, if the measurement point P is
far from the transmission focal point, obtaining a high quality
ultrasound image is difficult due to an acoustic line signal
acquired from such a measurement point having low resolu-
tion and low S/N ratio.

[0041] Further, in the conventional ultrasound diagnostic
device, the measurement point P is always set along the
central axis of the transmitted ultrasound beam. Accordingly,
reception beam forming is naturally performed by using only
reflected ultrasound from measurement points along the cen-
tral axis of the transmitted ultrasound beam, without using
reflected ultrasound from other areas of the ultrasound irra-
diation area. Due to this, one ultrasound transmission event
generates only one acoustic line signal along the central axis
of the transmitted ultrasound beam, and thus, reflected ultra-
sound is not utilized in an efficient manner.

[0042] Meanwhile, a reception beam forming method is
being proposed that utilizes a so-called synthetic aperture
method to yield high quality images not only from the trans-
mission focal point but also from areas other than the trans-
mission focal point. One example of reception beam forming
utilizing the synthetic aperture method can be found dis-
closed in pages 395 through 405 of “Virtual Ultrasound
Sources in High Resolution Ultrasound Imaging”, S. 1.
Nikolov and J. A. Jensen, in Proc, SPIE—Progress in Bio-
medical Optics and Imaging, Vol. 3, 2002. According to this
method, delaying is performed taking into consideration both
a propagation path of ultrasound and the amount of time
required for reflected ultrasound to arrive at a transducer
element by travelling along the propagation path. Thus, the
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method achieves reception beam forming making use of not
only reflected ultrasound from near the transmission focal
point but also reflected ultrasound from areas of the ultra-
sound irradiation area other than near the transmission focal
point. Due to this, the method enables generating, from one
ultrasound transmission event, acoustic line signals covering
the entire ultrasound irradiation area, including areas far from
the transmission focal point. In addition, the synthetic aper-
ture method enables setting a virtual transmission focal point
based on multiple reception signals acquired for one mea-
surement point P through multiple transmission sessions.
Thus, the synthetic aperture method enables acquiring an
ultrasound image with higher resolution and higher S/N ratio
than the reception beam forming method disclosed in “Ultra-
sound Diagnostic Device”.

[0043] When reception beam forming utilizing the syn-
thetic aperture method is performed, typically, motion arti-
facts such as image blurs and false images are likely to occur
in ultrasound images, in response to movements such as the
movement of the body of the subject and the movement of the
subject and the probe with respect to one another (e.g., the
movement of the probe). Meanwhile, in the conventional
reception beam forming method disclosed in “Ultrasound
Diagnostic Device”, a frame ultrasound image is composed
of a set of signals each corresponding to one linear acoustic
line signal or a small number of linear acoustic line signals.
Thus, with the conventional reception beam forming method
disclosed in “Ultrasound Diagnostic Device”, not much
image quality degradation is brought about by motion arti-
facts deriving from movements, such as the movement of the
body of the subject and the movement of the probe. That is,
even through motion artifacts do occur with the conventional
reception beam forming method disclosed in “Ultrasound
Diagnostic Device”, the influence brought about by motion
artifacts is less significant compared with the reception beam
forming ulitizing the synthetic aperture method. Thus is since
aframe ultrasound image is composed of only a small number
of linear acoustic line signals in the conventional reception
beam forming method disclosed in “Ultrasound Diagnostic
Device”.

[0044] Meanwhile, when applying the synthetic aperture
method, a frame ultrasound image is generated by using, for
each of a plurality of measurement points P, a plurality of
reception signals for the same measurement point that are
acquired from different transmission events. Thus, when
movement such as the movement of the body of the subject or
the movement of the probe occurs during one transmission
event or between different transmission events, reception sig-
nals acquired from the same measurement point may actually
be acquired from different positions. Thus, conventional
reception beam forming utilizing the synthetic aperture
method not necessarily yields ultrasound images with suffi-
cient image quality, due to a greater amount of motion arti-
facts such as image blurs and false images that result from
movement in ultrasound images occurring with conventional
reception beam forming utilizing the synthetic aperture
method than with the conventional reception beam forming
disclosed in “Ultrasound Diagnostic Device”. Thus, it can be
said that motion artifacts resulting from movement in ultra-
sound images are characteristic to the synthetic aperture
method.

[0045] In view of such technical problems, the present
inventor conducted research and development for a technol-
ogy allowing ultrasound images with high resolution, with
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high signal S/N ratio, and with reduced motion artifacts to be
generated through reception beam forming according to the
synthetic aperture method.

[0046] The following describes the ultrasound signal pro-
cessing device and the ultrasound diagnostic device including
the ultrasound signal processing device, each of which per-
taining to one aspect of the present disclosure in detail.

Embodiment 1

Overall Structure

[0047] The following describes an ultrasound diagnostic
device 100 pertaining to embodiment 1, with reference to the
accompanying drawings.

[0048] FIG.1illustrates functional blocks of theultrasound
diagnostic device pertaining to embodiment 1 (an ultrasound
diagnostic system 1000). As illustrated in FIG. 1, the ultra-
sound diagnostic system 1000 includes: a probe 101; an ultra-
sound diagnostic device 100; and a display unit 106. The
probe 101 includes a plurality of transducer elements 101a.
Each of the transducer elements 101a transmits ultrasound
towards the subject and receives reflected ultrasound (echo
signals). The ultrasound diagnostic device 100 causes the
probe 101 to perform transmission/reception of ultrasound,
and generates an ultrasound image based on signals output
from the probe 101. The display unit 106 displays the ultra-
sound image on any display device provided thereto. The
probe 101 and the display unit 106 are separately connectable
to the ultrasound diagnostic device 100. FIG. 1 illustrates the
ultrasound diagnostic device 100 with the probe 101 and the
display unit 106 connected thereto. Alternatively, the ultra-
sound diagnostic device 100 may include therein the probe
101 and the display unit 106.

<Structure of Ultrasound Diagnostic Device 100>

[0049] The ultrasound diagnostic device 100 includes a
multiplexer 102; a transmission beam former 103; and a
reception beam former 104. The multiplexer 102 selects one
or more of the transducer elements 101« for ultrasound trans-
mission and one or more of the transducer elements 101a for
ultrasound reception. The multiplexer 102 may select differ-
ent ones of the transducer elements 101« for ultrasound trans-
mission and ultrasound reception. Further, the multiplexer
102 provides the transducer elements 101a for ultrasound
transmission with input, and receives output from the trans-
ducer elements 101a for ultrasound reception. The transmis-
sion beam former 103 controls timings of application of a
high voltage for ultrasound transmission to each of the trans-
ducer elements 101« for ultrasound transmission. The recep-
tion beam former 104 performs some amplification and A/D
conversion on electric signals yielded by the transducer ele-
ments 101q for ultrasound reception, based on reflected ultra-
sound received by the probe 101, and performs reception
beam forming to generate acoustic line signals. In addition,
the ultrasound diagnostic device 100 includes an ultrasound
image generator 105; a data storage 107; and a control unit
108. The ultrasound image generator 105 generates an ultra-
sound image (a B-mode image) based on signals output from
the reception beam former 104. The data storage 107 stores
acoustic line signals output from the reception beam former
104 and ultrasound images output from the ultrasound image
generator 105. The control unit 108 controls each of the other
constituent elements of the ultrasound diagnostic device 100.
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[0050] Among the constituent elements of the ultrasound
diagnostic device 100, the multiplexer 102, the transmission
beam former 103, the reception beam former 104, and the
ultrasound image generator 105 constitute an ultrasound sig-
nal processing circuit 151, and the ultrasound signal process-
ing circuit 151 constitutes an ultrasound signal processing
device 150.

[0051] Each constituent element of the ultrasound diagnos-
tic device 100, for example, each of the multiplexer 102, the
transmission beam former 103, the reception beam former
104, the ultrasound image generator 105, and the control unit
108 may be implemented by using a hardware circuit such as
a field-programmable gate array (FPGA), an application-spe-
cific integrated circuit (ASIC), or the like. Alternatively, each
of the constituent elements may be implemented by using a
combination of software and a programmable device such as
a central processing unit (CPU), a General-purpose comput-
ing on graphics processing unit (GPGPU), or any processor.
Each of such constituent elements may be implemented as
one circuit component, or as an aggregate of a plurality of
circuit components. Further, a plurality of such constituent
elements may be implemented by using one circuit compo-
nent, or as an aggregate of a plurality of circuit components.
[0052] Thedatastorage 107 is a computer-readable record-
ing medium. For example, the data storage 107 may be imple-
mented by using a flexible disk, a hard disk, an MO, a DVD,
aDVD-RAM, or a semiconductor memory. Alternatively, the
data storage 107 may by an external storage device connected
to the ultrasound diagnostic device 100.

[0053] Note that the ultrasound diagnostic device 100 per-
taining to the present embodiment need not have the structure
illustrated in FIG. 1. For example, the ultrasound diagnostic
device 100 need not include the multiplexer 102. Further, the
probe 101 may have built-in therein a part or the entirety of
each of the transmission beam former 103, the reception
beam former 104, and the like.

<Structure of Main Part of Ultrasound Diagnostic Device
100>

[0054] The ultrasound diagnostic device 100 pertaining to
embodiment 1 is characterized for including the transmission
beam former 103 and the reception beam former 104. The
transmission beam former 103 causes transducer elements
101a of the probe 101 to transmit ultrasound. The reception
beam former 104 performs computation with respect to elec-
tric signals acquired through the reception of reflected ultra-
sound by the probe 101, and generates acoustic line signals
used in forming an ultrasound image. Accordingly, the
present disclosure focuses on the structure and the functions
of each of the transmission beam former 103 and the recep-
tion beam former 104. Note that components other than the
transmission beam former 103 and the reception beam former
104 may have structures and functions similar to those in
conventional ultrasound diagnostic devices. In other words,
the ultrasound diagnostic device 100 may be implemented by
replacing beam formers in a conventional ultrasound diag-
nostic device with the beam formers pertaining to the present
embodiment.

[0055] The following describes the structure of each of the
transmission beam former 103 and the reception beam former
104.

1. Transmission Beam Former 103

[0056] The transmission beam former 103 is connected to
the probe 101, via the multiplexer 102. However, note that the
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multiplexer is not a mandatory element in the present disclo-
sure. The transmission beam former 103 controls timings of
application of high voltage with respect to each of a plurality
of transducer elements 101a composing a transmission apet-
ture Tx. The transmission aperture Tx is an array of trans-
ducer elements composed of all or some of the transducer
elements 101a of the probe 101. Note that in the following,
the term “transmission transducer element” is used to refer to
transducer elements composing the transmission aperture Tx.
The transmission beam former 103 includes a transmitter
1031.

[0057] The transmitter 1031 performs transmission pro-
cessing. The transmission processing involves supplying a
transmission signal having a pulsar waveform to each of the
transmission transducer elements. A transmission transducer
element receiving a transmission signal transmits an ultra-
sound beam. The transmitter 1031 supplies transmission sig-
nals to the transmission transducer elements based on trans-
mission control signals output from the control unit 108. In
specific, the transmitter 1031 includes, for example, a clock
generation circuit, a pulse generation circuit, and a delay
circuit. The clock generation circuit generates a clock signal
specifying the transmission timing of ultrasound beams. The
pulse generation circuit generates pulse signals for driving the
transmission transducer elements. The delay circuit performs
focus processing so that ultrasound beams are appropriately
focused. Inspecific, the delay circuit sets a delay time for each
transmission transducer element, and delays the transmission
of the ultrasound beam from the transmission transducer ele-
ment by the corresponding delay time.

[0058] The transmitter 1031 repetitively performs ultra-
sound transmission while shifting the transmission aperture
Tx in the transducer element array direction each time, so that
all of the transducer elements 101a of the probe 101 transmit
ultrasound. Further, each time ultrasound transmission has
been completed, the transmitter 1031 outputs information
indicating the positions of transmission transducer elements
composing the transmission aperture Tx to the data storage
107, via the control unit 108. For example, supposing that the
probe 101 has one hundred and ninety two (192) transducer
elements 101 intotal, the number of transmission transducer
elements composing the transmission aperture Tx may be
twenty (20) to one hundred (100). In the following, ultra-
sound transmission by the transmitter 1031, performed by
using one transmission aperture (i.e., one set of transmission
transducer elements of the predetermined number) is referred
to as a transmission event,

[0059] FIG. 2 is a schematic illustrating a propagation path
of an ultrasound beam formed by the transmission beam
former 103. FIG. 2 illustrates a transmission aperture Tx for
one transmission event (i.e., a transmission transducer ele-
ment array composed of transmission transducer elements
101a that contribute to ultrasound transmission in the trans-
mission event). Further, the transmission-array direction
length of the transmission aperture Tx is considered the
length of the transmission aperture Tx.

[0060] The transmission beam former 103 controls ultra-
sound transmission by the transmission transducer elements
such that a transmission transducer element closer to the
center position of the transmission aperture Tx transmits
ultrasound later in the transmission event. Due to this, a
wavefront of ultrasound transmitted from the transmission
transducer elements composing the transmission aperture Tx
converges at one point at a certain focal depth in the subject
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(i.e., thetransmission focal point F'). Note that the depth ofthe
focal point F (i.e., focal depth) can be set as desired or
required. After converging at the focal point F, the wavefront
of the transmitted ultrasound expands as before converging at
the focal point F. Thus, the transmitted ultrasound waves
propagate through an hourglass-shaped area whose base is
defined by the transmission aperture Tx and which is parti-
tioned from other areas inside the subject by two straight lines
intersecting at the transmission focal point F. That is, ultra-
sound transmitted from the transmission aperture Tx propa-
gates in the following manner. As the transmitted ultrasound
advances in a depth direction of the subject from the trans-
mission aperture Tx, the width thereof (length along horizon-
tal axis (X axis) in FIG. 2) gradually decreases until reaching
the minimum width at the transmission focal point F. Then, as
the transmitted ultrasound advances further in the depth
direction from the transmission focal point F (i.e., as the
ultrasound advances in the upward direction in FIG. 2), the
width thereof increases (i.e., the ultrasound spreads out). In
the following, the hourglass-shaped area described above,
which is indicated by hatching in slanted lines in FIG. 2, is
referred to as an ultrasound irradiation area Ax.

2. Reception Beam Former 104

[0061] The reception beam former 104 generates acoustic
line signals from electric signals acquired by a plurality of
transducer elements 101a. The transducer elements 101a
acquire the electric signals based on reflected ultrasound
received by the probe 101. Here, an acoustic line signal for
one measurement point is generated by performing delay-
and-sum processing with respect to reception signals from the
measurement point. Description of the delay-and-sum pro-
cessing is provided later in the present disclosure. FIG. 3isa
functional block diagram illustrating the structure of the
reception beam former 104. As illustrated in FIG. 3, the
reception beam former 104 includes: a receiver 1040; a delay-
and-sum calculator 1041; a target area setter 110; a motion
amount calculator 109; and a synthesizer 1049.

[0062] The following describes the structure of each func-
tional block of the reception beam former 104.

(1) Receiver 1040

[0063] Thereceiver 1040 is connected to the probe 101, via
the multiplexer 102. However, note that the multiplexer is not
amandatory element in the present disclosure. Foreach trans-
mission event, the receiver 1040 generates reception signals
(RF signals). The receiver 1040 generates the reception sig-
nals by first amplifying electric signals acquired through the
probe 101 receiving reflected ultrasound, and then perform-
ing A/D conversion on the amplified signals. The receiver
1040 performs the generation of reception signals for each
transmission event, and outputs the reception signals to be
stored in the data storage 107.

[0064] Here, the receiver 1040 generates one reception sig-
nal sequence (RF signal) for each of some or all of the trans-
ducer elements 101a of the probe 101. In specific, a reception
signal sequence for a given transducer element is a digital
signal yielded by performing A/D conversion on an electrical
signal yielded through conversion of reflected ultrasound
received by the transducer element, and is a sequence of
signals along the ultrasound transmission direction (corre-
sponding to the depth direction) that are received by the
transducer element.
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[0065] As discussed above, in each transmission event, the
transmitter 1031 causes the plurality of transmission trans-
ducers composing the transmission aperture Tx, among the
transducers 101a of the probe 101, each to transmit an ultra-
sound beam. Meanwhile, for each ultrasound transmission
event, the receiver 1040 generates areception signal sequence
for each of some or all of the plurality of transducer elements
101a of the probe 101. The generation of the reception signal
sequence for a given one of the transducer elements 101a is
based on reflected ultrasound yielded by the given transducer
element 101a. Note that in the following, each transducer
element receiving reflected ultrasound is referred to as a
receive transducer element. Here, it is preferable that the
number of receive transducer elements be greater than the
number of transmission transducer elements composing the
transmission aperture Tx. Further, all of the transducer ele-
ments 101a of the probe 101 may be used as receive trans-
ducer elements.

[0066] Further, as already discussed above, the transmitter
1031 repetitively performs transmission events while shifting
the transmission aperture Tx in the transducer element array
direction each time, so that all of the transducer elements
101a of the probe 101 transmit ultrasound. Meanwhile, for
each ultrasound transmission event, the receiver 1040 gener-
ates a reception signal sequence for each receive transducer
element, and stores the reception signal sequences to the data
storage 107.

(2) Motion Amount Calculator 109

[0067] The motion amount calculator 109 performs image
analysis on frame acoustic line signals already stored in the
data storage 107 to calculate a motion amount from the frame
acoustic line signals. Here, a motion amount calculated from
the frame acoustic line signals indicates the movement of
image signals for the subject between the frame acoustic line
signals. Here, a frame is a unit of signals necessary for form-
ing one ultrasound image. Further, one frame acoustic line
signal is a combination of a plurality of acoustic line signals
corresponding to one frame. The motion amount calculator
109 calculates a motion amount from frame acoustic line
signals by, for example, comparing the frame acoustic line
signals and calculating differences between corresponding
image areas (composed of one or more pixels) of the frame
acoustic line signals, in terms of signal intensity, luminance,
and/or the like. Here, it is preferable that the frame acoustic
line signals used in motion amount calculation be frame
acoustic line signals that have been recently generated,
among the frame acoustic line signals stored in the data stor-
age 107. For example, the motion amount calculator 109 may
use two frame acoustic line signals most recently generated
for motion amount calculation, and compare a frame acoustic
line signal generated later among the two with a frame acous-
tic line signal generated earlier among the two.

[0068] In the present embodiment, the motion amount cal-
culator 109 acquires two frame acoustic line signals corre-
sponding to different time points from the data storage 107,
and performs motion amount calculation by calculating a
difference between the two frame acoustic line signals, in
terms of signal intensity, luminance, and/or the like. Alterna-
tively, the motion amount calculator 109 may perform motion
amount calculation based on luminance signals. Here, the
term luminance signal is used to indicate an ultrasound image
signal corresponding to one frame that is acquired through
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performing gain processing, logarithmic transformation, and/
or the like on a frame acoustic line signal.

[0069] FIG. 4 is a schematic illustrating one example of
how the motion amount calculator 109 calculates a motion
amount. FIG. 4 illustrates an example where the motion
amount calculator 109 reads out a frame acoustic line signal
Af and a frame acoustic line signal Bf from the data storage
107 and compares the frame acoustic line signal Af (current
processing target) with the frame acoustic line signal Bf.
Here, note that the frame acoustic line signal Bf'is assumed as
having been generated earlier in time than the frame acoustic
line signal Af. In specific, the motion amount calculator 109
divides the frame acoustic line signal Af into small blocks,
having rectangular shapes for example, or in other words, into
imageareas A, | through A, (wherenand mare integers).
Further, the motion amount calculator 109 performs block-
by-block comparison by comparing a target image area (ex-
pressible as A, ,, where 1<i=n, 1<j<m) with a corresponding
image area in the frame acoustic line signal Bf (expressible as
By, ,» where lsisn, 1sjsm), and thereby calculates a differ-
ence between the two image areas, in terms of average signal
intensity (e.g., luminance, signal power, sum of absolute
amplitude values). The motion amount calculator 109 regards
that the greater the difference between the two image areas,
the greater the movement between corresponding image
areas of the two frame acoustic line signals. The motion
amount calculator 109 calculates a motion amount in this way
for each of the image areas A, |, through A, ., in the acous-
tic line signal Afby setting each of the image areas as a target
image area, one at a time. Further, the motion amount calcu-
lator 109 sums the motion amounts for the image areas A,
through A, , to calculate a total motion amount for the
frame acoustic line signal Af.

[0070] Alternatively, the motion amount calculator 109
may perform the motion amount calculation by adopting a
conventional technology other than the technology discussed
above. For example, the motion amount calculator 109 may
use processing commonly referred to as “block matching” to
detecta direction and an amount of movement between image
areas included in the frame acoustic line signals. The motion
amount calculator 109, when performing block matching,
divides the frame acoustic line signal Af into small blocks
having rectangular shapes for example, or in other words, into
imageareas A, ), through A, .. Further, the motion amount
calculator 109 performs block-by-block comparison by com-
paring a target image area A, with image areas B, )
through B, ;,,,, (where a and b represent coefficients) in the
frame acoustic line signal Bf, and thereby calculates a simi-
larity between the target image area in the frame acoustic line
signal Af and each image area in the frame acoustic line signal
Bf through cross-correlation processing, for example. Here,
the motion amount calculator 109 may determine that the
smaller the sum of differences between pixels in the target
image area in the frame acoustic line signal Af and pixels ina
given image area in the frame acoustic line signal Bf in terms
of signal intensity or luminance, the higher the similarity
between the two image areas and the higher the correlation
between the two image areas. In addition, in this case, the
motion amount calculator 109 calculates a direction and an
amount of movement of image signals for the subject in the
target image area A, ;) based on the positional relationship
between the target image area A, , and a comparison-target
image area By, ;,, which is an image area in the comparison-
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target frame acoustic line signal Bf indicating high correla-
tion with the target image area A, ;.

[0071] Alternatively, the motion amount calculator 109
may perform the motion amount calculation through optical
flow estimation. An optical flow is a vector indicating velocity
between pixels of frames corresponding to different time
points. In gradient-based optical flow estimation, an optical
flow is detected by calculating, on the assumption that only a
small change in luminance occurs at a local image area and
that signal intensity (or luminance) remains the same before
and after movement, the direction in which signal intensity
(or luminance) changes between frames. Further, the optical
flow so detected is used to detect the change in position of a
feature point in an image.

[0072] Here, regardless of the method adopted for the cal-
culation of motion amounts, the calculation of motion
amounts need not be performed by using continuous frames,
and may alternatively be performed by comparing frames
generated at time points differing from one another by a
certain amount of time.

[0073] The motion amount calculator 109 outputs the
motion amount for the frame acoustic line signal that is the
processing target to the target area setter 110.

(3) Target Area Setter 110

[0074] The target area setter 110 sets a target area Bx. The
target area Bx is a virtual area for generating a sub-frame
acoustic line signal. More specifically, in the present disclo-
sure, theterm “target area” is used to indicate a virtual area for
generating a sub-frame acoustic line signal for one transmis-
sion event. Further, one acoustic line signal is generated for
each measurement point Pij that is included in the target area
Bx. In other words, the target area Bx is set for each given
transmission event in order to specify ones of the measure-
ment points for which acoustic line signals are to be generated
in response to the transmission event.

[0075] Further, in the present disclosure, a sub-frame
acoustic line signal is a group of a plurality of acoustic lines
signals that are generated from one transmission event. As
already described above, in response to one transmission
event, a plurality of acoustic line signals are generated, each
for a different one of the measurement points included in the
target area Bx. Further, a sub-frame is a unit corresponding to
a group of signals which are acquired from one transmission
event and each of which corresponds to a different one of the
measurement points Pij that are included in the target area Bx
for the transmission event. Thus, a combination of multiple
sub-frames acquired at different time points equals one
frame.

[0076] The target area setter 110 sets the target area Bx for
a given transmission event based on information acquired
from the transmission beam former 103 and a motion amount
acquired from the motion amount calculator 109. The infor-
mation acquired from the transmission beam former 103 indi-
cates the position of the transmission aperture Tx for the
transmission event.

[0077] FIG.5is a schematic illustrating how a width of the
target area Bx in the transducer element array direction is
changed depending upon the motion amount. As illustrated in
FIG. 5, the target area Bx for a given transmission event is set
within the ultrasound irradiation area Ax for the given trans-
mission event. Further, the target area setter 110 reduces the
width of the target area Bx when the motion amount is equal
to or greater than a predetermined threshold value. Here, note
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that the user of the ultrasound diagnostic device 100 may set
and change the predetermined threshold value as desired by
performing user input.

[0078] The following explains why the width of the target
area Bx in the transducer element array direction is reduced
when the motion amount is equal to or greater than the pre-
determined threshold value. As described in detail later in the
present disclosure, the synthesizer 1049 combines a plurality
of sub-frame acoustic line signals to generate a frame acous-
tic line signal. Reducing the width of the target area Bx in the
transducer element array direction reduces the number of
acoustic line signals for the same measurement point that are
included in different sub-frame acoustic line signals, which
are combined with one another in the generation ofthe frame-
acoustic line signal. Thus, reducing the width of the target
area Bx in the transducer element array direction for a great
motion amount (i.e., when the motion amount is equal to or
greater than the predetermined threshold value) reduces the
difference of the position of the subject, relative to reception
transducer elements, between different sub-frame acoustic
line signals combined to generate the frame acoustic line
signal, and accordingly suppresses motion artifacts such as
image blurs and false images occurring in response to move-
ment.

[0079] Meanwhile, the target area setter 110 provides the
target area Bx with increased width in the transducer element
array direction when the motion amount is smaller than the
predetermined threshold value. In the present embodiment,
the length of the top edge and the bottom edge (i.e., the base)
ofthe target area Bx, which has an hourglass shape, is reduced
to apredetermined length when the motion amount is equal to
or greater than the predetermined threshold value, and is
increased slightly when the motion amount is smaller than the
predetermined threshold value.

[0080] Providing the target area Bx with reduced width in
the transducer element array direction when the motion
amount is equal to or greater than the predetermined thresh-
old value results in the size of the target area Bx being instan-
taneously reduced when the motion amount equals or exceeds
the predetermined threshold value during ultrasound exami-
nation. This suppresses motion artifacts, such as image blurs
and false images, appearing in an ultrasound image.

[0081] Meanwhile, providing the target area Bx with
slightly greater width in the transducer element array direc-
tion when the motion amount is smaller than the predeter-
mined threshold value prevents a rapid increase in the size of
the target area Bx. This suppresses flickers appearing in ultra-
sound images.

[0082] The target area setter 110 may provide the target
area Bx with the smallest possible width in the transducer
element array direction when the motionamount is equal to or
greater than a predetermined threshold value. In this case, the
target area Bx, when having the smallest possible width, may
be a straight line that passes through a center position of the
transducer element array for the corresponding transmission
event and that is perpendicular to the transducer element
array. Alternatively, the target area Bx, when having the
smallest possible width, may have a width in the transducer
element array direction equal to a width of one transducer
element residing at a center position of the transducer element
array for the corresponding transmission event. This achieves
instantaneously reducing the size of the target area Bx to as
small a size as possible when the motion amount equals or
exceeds the predetermined threshold value during ultrasound
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examination. This enhances the response of the motion arti-
fact suppression effect, and contributes to an improvement in
user convenience.

[0083] Alternatively, the target area setter 110 may provide
the target area Bx with slightly smaller width when the
motion amount is equal to or greater than the predetermined
threshold value. This prevents a rapid decrease in the size of
the target area Bx, and accordingly suppresses flickers
appearing in ultrasound images.

[0084] Alternatively, the width of the target area Bx may be
set based on multiple threshold values set with respect to the
motion amount, in which case the width of the target area
increases/decreases in multiple steps. This achieves even
smoother and more detailed control, and achieves a desirable
balance between the suppression of motion artifacts and the
suppression of flickers.

[0085] In the present embodiment, the target area Bx is an
hourglass-shaped area whose base is set along the subject
surface that is in contact with the transmission transducer
element array, and thus has a shape similar to the shape of the
ultrasound irradiation area Ax. Providing the target area Bx
with such a shape achieves distributing measurement points
over substantially the entire ultrasound irradiation area Ax,
which improves the efficiency of use of transmitted ultra-
sound.

[0086] However, the target area Bx may have a shape other
than an hourglass shape. For example, in cases such as where
the transducer elements belonging to the transmission trans-
ducer element array transmit parallel ultrasound waves, the
target area Bx may be provided with a rectangular shape
whose base is set along the subject surface that is in contact
with the transmission transducer element array. Providing the
target area Bx with such a shape results in measurement
points being distributed over substantially the entire ultra-
sound irradiation area Ax, which improves the efficiency of
use of transmitted ultrasound.

[0087] The target area setter 110 outputs the target area Bx
set as above to the delay-and-sum calculator 1041.

(4) Delay-and-Sum Calculator 1041

[0088] Thedelay-and-sum calculator 1041 performs delay-
and-sum processing with respect to reception signal
sequences corresponding to the same measurement point P,
each of which is received by one of the reception transducer
elements Rk.

[0089] The delay-and-sum calculator 1041 performs this
processing for each measurement point Pij that is included in
the target area Bx corresponding to a transmission event, and
for each transmission event having been performed. The
delay-and-sum calculator 1041, for each transmission event,
generates a sub-frame acoustic line signal for the transmis-
sion event by calculating an acoustic line signal for each
measurement point that is included in the target area Bx for
the transmission event. FIG. 6 is a functional block diagram
illustrating the structure of the delay-and-sum calculator
1041. As illustrated in FIG. 6, the delay-and-sum calculator
1041 includes: a reception aperture setter 1042; a transmis-
sion time calculator 1043; a reception time calculator 1044; a
delay amount calculator 1045; a delay processor 1046; a
weight calculator 1047; and an adder 1048.

[0090] The following describes the structure of each func-
tional block of the delay-and-sum calculator 1041.
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(1) Reception Aperture Setter 1042

[0091] The reception aperture setter 1042 is a circuit that
sets, for each transmission event, a reception aperture Rx
based on a control signal from the control unit 108 and infor-
mation from the target area setter 110 indicating the target
area Bx for the transmission event. In specific, for each mea-
surement point P that is included in the target area Bx for the
transmission event, the reception aperture setter 1042 selects
some of the transducer elements 101a of the probe 101 as
reception transducer elements (referred to in the following as
a reception transducer element array) forming a reception
aperture Rx whose center position corresponds to a trans-
ducer element that is spatially closest to the measurement
point P.

[0092] The reception aperture setter 1042 sets, for each
measurement point P that is included in the target area Bx for
the transmission event, the reception aperture Rx (i.e., the
reception transducer element array) so that the center position
of the reception aperture Rx in the transducer element array
direction corresponds to a transducer element that is spatially
closest to the measurement point P. FIG. 7 is a schematic
illustrating the relationship between the transmission aper-
ture Tx for a given transmission event and areception aperture
Rx set by the reception beam former 104 for the transmission
event. As illustrated in FIG. 7, for a given measurement point
Pij, the reception aperture Rx is set so that the center position
of the reception aperture Rx in the transducer element array
direction corresponds to a transducer element Xk that is spa-
tially closest to the measurement point Pij. Due to this, the
position of the reception aperture Rx depends upon the posi-
tion of the measurement point P, and does not change depend-
ing upon the position of the transmission aperture Tx, which
shifts each time a transmission event is performed. That is,
delay-and-sum processing for generating an acoustic line
signal for a given measurement point Pij is always performed
based on reception signal sequences acquired by reception
transducer elements Rk composing the same reception apet-
ture Rx. This means that with respect to the measurement
point Pij, the same reception aperture Rx is used in delay-
and-sum processing irrespective of transmission events.
[0093] 1In order to achieve utilizing reflected ultrasound
from the entirety of the ultrasound irradiation area, the num-
ber of the reception transducer elements composing the
reception aperture Rx for a given transmission event is, pref-
erably, greater than or equal to the number of transmission
transducer elements composing the transmission aperture Tx
for the transmission event. For example, the number of recep-
tion transducer elements may be 32, 64, 96, 128, or 192.
[0094] The setting of the reception aperture Rx is per-
formed for each transmission event. Due to this, the setting of
the reception aperture Rx is repeated for the number of times
transmission events are performed. Further, the setting of the
reception aperture Rx may be performed each time a trans-
mission event is performed as described above, or alterna-
tively, reception apertures Rx for multiple transmission
events having been performed may be set at once after the
completion of the transmission events.

[0095] Further, the reception apparatus setter 1042 outputs
information indicating the positions of the reception trans-
ducer elements composing the reception aperture Rx to the
data storage 107, via the control unit 108.

[0096] The data storage 107 outputs the information indi-
cating the positions of the reception transducer elements
composing the reception aperture Rx along with reception
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signal sequences for the reception transducer elements to
each of the transmission time calculator 1043, the reception
time calculator 1044, the delay processor 1046, and the
weight calculator 1047.

(i1) Transmission Time Calculator 1043

[0097] The transmission time calculator 1043 is a circuit
that, for each transmission event, calculates a transmission
time for each measurement point P that is included in the
target area Bx for the transmission event. The transmission
time is the amount of time required for transmitted ultrasound
to arrive at each measurement point P. The transmission time
calculator 1043 acquires information indicating the positions
of the transmission transducer elements for a given transmis-
sion event from the data storage 107. In addition, the trans-
mission time calculator 1043 acquires information indicating
the position of the target area Bx for the transmission event in
the ultrasound irradiation area Ax, from the target area setter
110. Based on both such information, the transmission time
calculator 1043, for a measurement point Pij within the target
area Bx, calculates the transmission time required for trans-
mitted ultrasound to arrive at the measurement point Pij.
[0098] FIG. 8 is a schematic illustrating a propagation path
of ultrasound that is transmitted from the transmission apet-
ture Tx for a transmission event, is then reflected at a mea-
surement point Pij that is included in the target area Bx for the
transmission event, and finally arrives at a reception trans-
ducer element Rk of the reception aperture Rx.

[0099] Following emission of ultrasound from the trans-
mission aperture Tx, the wavefront of the ultrasound con-
verges at the transmission focal point F after proceeding
along the path 401. Subsequently, the wavefront of the ultra-
sound expands and arrives at the measurement point Pij.
When there is a change in acoustic impedance at the mea-
surement point Pij, the transmitted ultrasound generates
ultrasound reflection, which is received by the reception
transducer element Rk of the reception aperture Rx. The
transmission focal point F is preset in advance upon designing
of the transmission beam former 103. Thus, the length of the
path 402 from the transmission focal point F to the measure-
ment point Pij can be calculated geometrically.

[0100] For each transmission event, the transmission time
calculator 1043 calculates the transmission time for each
measurement point Pij in the target area Bx for the transmis-
sion event. That is, the transmission time calculator 1043
calculates, for each measurement point Pij, the time required
for transmitted ultrasound to arrive at the measurement point
Pij. Further, the transmission time calculator 1043 outputs the
transmission time so calculated to the delay amount calcula-
tor 1045.

(iil) Reception Time Calculator 1044

[0101] The reception time calculator 1044 is a circuit that
calculates a reception time required for ultrasound reflection
from each measurement point P to arrive at each reception
transducer element Rk of the reception aperture Rx. For a
given transmission event, the reception time calculator 1044
acquires information indicating the positions of the reception
transducer elements Rk for the given transmission event from
the data storage 107, and acquires the information indicating
the position of the target area Bx for the given transmission
event from the target area setter 110. Based on such informa-
tion, the reception time calculator 1044, for a measurement
point Pij in the target area Bx, calculates the reception time
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required for transmitted ultrasound to arrive at each reception
transducer element Rk after being reflected at the measure-
ment point Pij.

[0102] As already discussed above, transmitted ultrasound
arriving at a measurement point Pij generates ultrasound
reflection when there is a change in acoustic impedance at the
measurement point Pij. The reflected ultrasound is then
received by reception transducer elements Rk ofthe reception
aperture Rx. As discussed above, the reception time calcula-
tor 1044 acquires the information indicating the positions of
the reception transducer elements Rk of the reception aper-
ture Rx from the data storage 107. Accordingly, the reception
time calculator 1044 is able to geometrically calculate the
length of the path 403 from the measurement point Pij to each
of the reception transducer elements Rk.

[0103] For each transmission event, the reception time cal-
culator 1044 calculates the reception time for each measure-
ment point P that is included in the target area Bx. That is, the
reception time calculator 1044 calculates, for each measure-
ment point P, the time required for transmitted ultrasound to
arrive at each reception transducer element Rk after being
reflected at the measurement point P. Further, the reception
time calculator 1044 outputs the reception time so calculated
to the delay amount calculator 1045.

(iv) Delay Amount Calculator 1045

[0104] The delay amount calculator 1045 is a circuit that
calculates, for each reception transducer element Rk, a total
propagation time based on the transmission time and the
reception time for the reception transducer element Rk. Fur-
ther, the delay amount calculator 1045 calculates, for each
reception transducer element Rk, a delay amount to be
applied to a reception signal sequence for the reception trans-
ducer element Rk. In specific, the delay amount calculator
1045 acquires, from the transmission time calculator 1043,
the transmission time required for ultrasound waves to arrive
at a measurement point Pij. Further, for each reception trans-
ducer element Rk, the delay amount calculator 1045, acquires
from the reception time calculator 1044, the reception time
required for ultrasound to be reflected at the measurement
point Pij and arrive at the reception transducer element Rk.
Then, the delay amount calculator 1045, for each reception
transducer element Rk, calculates a total propagation time
required for transmitted ultrasound to arrive at the reception
transducer element Rk. Further, based on the difference
between total propagation times for the reception transducer
elements Rk, calculates a delay amount for each reception
transducer element Rk. For each measurement point P that is
included in the target area Bx, the delay amount calculator
1045 calculates, for each reception transducer element Rk,
the delay amount to be applied to a reception signal sequence
for the reception transducer element Rk, and outputs the delay
amounts to the delay processor 1046.

(v) Delay Processor 1046

[0105] The delay processor 1046 is a circuit that specifies,
for each reception transducer element Rk, a reception signal
based on reflected ultrasound from a measurement point Pjj.
In specific, for each reception transducer element Rk, the
delay processor 1046 specifies a reception signal correspond-
ing to the delay amount for the reception transducer element
Rk from the reception signal sequence for thereception trans-
ducer element Rk.
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[0106] More specifically, for each transmission event, the
delay processor 1046 acquires, for each reception transducer
element Rk, information indicating the position of the recep-
tion transducer element Rk from the reception aperture setter
1042, the reception signal sequence for the reception trans-
ducer element Rk from the data storage 107, and the delay
amount to be applied to the reception signal sequence of the
reception transducer element Rk from the delay amount cal-
culator 1045. In addition, for each transmission event, the
delay processor 1046 acquires the information indicating the
position of the target area Bx from the target area setter 110.
Further, for each reception transducer element Rk, the delay
processor 1046 specifies a reception signal based on reflected
ultrasound from a measurement point Pij. In specific, the
delay processor 1046 specifies, from the reception signal
sequence for the reception transducer element Rk, a reception
signal corresponding to a time point after subtraction of the
delay amount for the reception transducer element Rk.

(vi) Weight Calculator 1047

[0107] The weight calculator 1047 is a circuit that calcu-
lates a weight sequence (so-called reception apodization
weight) for the reception transducer elements Rk, so that the
maximum weight is set with respect to the reception trans-
ducer element located at the center position of the reception
aperture Rx in the transducer element array direction.
[0108] As illustrated in FIG. 7, the weight sequence is a
numerical sequence of weight coefficients that are to be
applied to reception signals for the reception transducer ele-
ments composing the reception aperture Rx. The weight
sequence indicates weights that are distributed symmetrically
with respect to the transmission focal point F. As the shape of
distribution of the weights indicated by the weight sequence,
any shape is applicable, including but not limited to a ham-
ming window, a hanning window, and a rectangular window.
The weight sequence is set so that the maximum weight is set
with respect to the reception transducer element located at the
center position of the reception aperture Rx in the transducer
element array direction, and the central axis of the weight
distribution corresponds to the center axis Rxo of the recep-
tion aperture Rx. The weight calculator 1047 uses as input
information indicating the positions of the reception trans-
ducer elements Rk, which is output from the reception aper-
ture setter 1042, and outputs the weight sequence for the
reception transducer elements Rk to the adder 1048.

(vii) Adder 1048

[0109] Theadder 1048 is acircuit that generates an acoustic
line signal for each measurement point P that is included in
the target area Bx for a transmission event, by performing
delay-and-sum processing using as input the specified recep-
tion signals for the reception transducer elements Rk, which
are output from the delay processor 1046, and summing
together the specified reception signals. Alternatively, the
adder 1048 may generate an acoustic line signal for each
measurement point P by using as input the weight numerical
sequence for the reception transducer elements Rk, which is
output from the weighting calculator 1047, multiplying the
specified reception signal for each reception transducer ele-
ment Rk by a corresponding weight, and summing the
weighted reception signals. The adder 1048 sums the recep-
tion signals for thereception transducer elements Rk, after the
reception signals have been put in the same phase by the delay
processor 1046. Due to this, the adder 1048 is capable of
increasing the S/N ratio of the reception signals received by
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the reception transducer elements Rk based on reflected ultra-
sound from the measurement point Pij, and reception signals
for the measurement point Pij can be extracted.

[0110] As aresult of one transmission event and processing
accompanying the transmission event, an acoustic line signal
1s generated for each measurement point P in the target area
Bx for the transmission event. Further, by repetitively per-
forming transmission events while gradually shifting the
transmission aperture Tx in the transducer element array
direction each time, all ofthe transducer elements 101a in the
probe 101 perform ultrasound transmission. Due to this, a
frame acoustic line signal, which is a combination of acoustic
line signals corresponding to one frame, is generated.
[0111] Inthe following, acoustic line signals for respective
measurement points, which compose the frame acoustic line
signal and each of which is generated by combining a plural-
ity of acoustic lines signals corresponding to the measure-
ment point that are included in different sub-frame acoustic
line signals, are each referred to as a combined acoustic line
signal for the measurement point.

[0112] The adder 1048, for each transmission event, gen-
erates a sub-frame acoustic line signal being a combination of
acoustic line signals for every measurement point Pij within
the target area Bx for the transmission event. Further, the
adder 1048 outputs the sub-frame acoustic line signals so
generated to be stored in the data storage 107.

(5) Synthesizer 1049

[0113] The synthesizer 1049 is a circuit that generates a
frame acoustic line signal by combining a plurality of sub-
frame acoustic line signals each generated for one transmis-
sion event. FIG. 9 is a functional block diagram illustrating
the structure of the synthesizer 1049. As illustrated in FIG. 9,
the synthesizer 1049 includes: a combiner 10491; and an
amplifier 10492.

[0114] The following describes the structure of each func-
tional block of the synthesizer 1049.

(1) Combiner 10491

[0115] Thecombiner 10491, after the generation of a series
of sub-frame acoustic line signals necessary for generating
one frame acoustic line signal is completed, reads out the
sub-frame acoustic line signals from the data storage 107.
Further, the combiner 10491 generates a frame acoustic line
signal by combining the plurality of sub-frame acoustic line
signals. The combining of the sub-frame acoustic line signals
is performed according to the positions of the measurement
points Pij, such that in the process, a combined acoustic line
signal is generated for each measurement point Pij. In spe-
cific, the combiner 10491 generates a combined acoustic line
signal for a given measurement point Pij by combining a
plurality of acoustic line signals corresponding to the mea-
surement point Pij that are included in different sub-frame
acoustic line signals. Due to this, acoustic line signals for the
same measurement point that are included in different sub-
frame acoustic line signals are combined, to generate a com-
bined acoustic line signal for the measurement point.

[0116] FIG. 10 is a schematic illustrating processing by the
combiner 10491 for generating a combined acoustic line sig-
nal. As already discussed above, ultrasound transmission is
performed by repetitively performing transmission events
while gradually shifting the transmission transducer element
array (i.e., the transmission aperture Tx) in the transducer
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element array direction each time. Due to this, the position of
the target area Bx, which is set within the ultrasound irradia-
tion area Ax of a corresponding transmission event, also shifts
in the transducer element array direction from one transmis-
sion event to another. Thus, a frame acoustic line signal cov-
ering all measurement points can be generated by combining
sub-frame acoustic line signals based on the positions of the
measurement points Pij from which the acoustic lines signals
included in the sub-frame acoustic line signals are acquired.
[0117] Further, for a measurement point included in mul-
tiple target areas Bx, values of a plurality of acoustic line
signals included in different sub-frame acoustic line signals
are summed. Thus, the combined acoustic line signal for such
a measurement point may indicate a great value, depending
upon the number of target areas Bx in which the measurement
point is included. In the following, the number of different
target areas Bx in which a given measurement point is
included is referred to as an overlap count of the measurement
point, and the maximum value of the overlap count in the
transducer element array direction is referred to as a maxi-
mum overlap count.

[0118] Eachof FIGS. 11A and 11B is a schematic illustrat-
ing the maximum overlap count for combined acoustic line
signals, with FIG. 11A corresponding to a small motion
amount and FIG. 11B corresponding to a great motion
amount. As illustrated in FIG. 11A, the maximum overlap
count is great for a small motion amount, reaching a maxi-
mum value pmax in this example. Meanwhile, the maximum
overlap countis small for a great motion amount, not reaching
the maximum value pmax and only reaching a value q smaller
than pmax. The overlap count is small for a great motion
amount since when the motion amount is great, the width of
target area Bx in the transducer element array direction is
reduced. Meanwhile, the overlap count is great for a small
motion amount since when the motion amount is small, the
width of target areas Bx in the transducer element array
direction is increased. As such, combined acoustic line sig-
nals have different signal intensities, depending upon motion
amount.

[0119] Further, in the present embodiment, the target area
Bx has an hourglass-shape. Due to this, the overlap count and
the maximum overlap count differ in the depth direction of the
subject, as illustrated in FIGS. 11A and 11B. Accordingly,
combined acoustic line signals for measurement points at
different depths also have different values.

[0120] Note that in combining sub-frame acoustic line sig-
nals based on the positions of the measurement points Pij
from which the acoustic lines signals included in the sub-
frame acoustic line signals are acquired to generate combined
acoustic line signals for the respective measurement points,
the combiner 10491 may add weights in accordance with the
measurement points.

[0121] Thecombiner 10491 outputs the frame acoustic line
signal so generated to the amplifier 10492.

(ii) Amplifier 10492

[0122] As already discussed above, values of combined
acoustic line signals change depending upon motion amount.
Inaddition, combined acoustic line signals also have different
values in the depth direction. In order to moderate such varia-
tion between values of different combined acoustic line sig-
nals, the amplifier 10492, in combining the combined acous-
tic line signals to generate the frame acoustic line signal,
performs amplification of multiplying the combined acoustic
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line signals by amplification factors. Here, the amplifier
10492 determines an amplification factor for a given com-
bined acoustic line signal according to the number of acoustic
line signals combined to yield the combined acoustic line
signal.

[0123] Each of FIGS. 12A and 12B is a schematic provid-
ing an overview of the amplification performed by the ampli-
fier 10492, with FIG. 12A corresponding to a small motion
amount and FIG. 12B corresponding to a great motion
amount. The maximum overlap count varies in the depth
direction. Thus, to compensate with this variation in maxi-
mum overlap count, the amplifier 10492 multiplies the com-
bined acoustic line signals by respective amplification factors
that are based on the maximum overlap counts and vary in the
depth direction, as illustrated in FIGS. 12A and 12B. Here,
the amplification factors used by the amplifier 10492 are such
that, the greater the width of the target area Bx in the trans-
ducer element array direction, the greater the difference
between the amplification factors in the depth direction. This
moderates a difference between values of combined acoustic
line signals deriving from the difference in overlap counts in
the depth direction, and thus, the values of the combined
acoustic line signals after the amplification are averaged out
in the depth direction. That is, the amplification performed by
the amplifier 10492 is gain equalization in the depth direction.
[0124] Alternatively, the amplifier 10492 may also multi-
ply the combined acoustic line signals by amplification fac-
tors varying in the transducer element array direction that are
calculated based on overlap counts, when overlap counts vary
in the transducer element array direction. This moderates a
difference between values of combined acoustic line signals
deriving from the difference in overlap counts in the trans-
ducer element array direction, and thus, the values of the
combined acoustic line signals after the amplification are
averaged out in the transducer element array direction.
[0125] Here, note that the amplifier 10492 may generate the
frame acoustic line signal by combining amplified combined
acoustic line signals for respective measurement points.

<Operations>

[0126] The following describes the operations of the ultra-
sound diagnostic device 100 having the structure described
up to this point.

[0127] FIG. 13 is a flowchart illustrating beam forming by
the reception beam former 104.

[0128] First, in Step S101, the transmitter 1031 performs
transmission processing (a transmission event) of supplying a
transmission signal causing transmission of an ultrasound
beam to each transmission transducer element of the trans-
mission aperture Tx.

[0129] In Step S102, the receiver 1040 generates reception
signals based on electric signals yielded through the reception
of reflected ultrasound by the probe 101, and outputs the
reception signals to be stored in the data storage 107. Then, a
determination is made of whether or not all transducer ele-
ments 101a of the probe 101 have performed ultrasound
transmission (S103). When one or more of the transducer
elements 101a have not yet performed ultrasound transmis-
sion, processing returns to Step S101, which results in
another transmission event being executed by using the next
transmission aperture Tx in the transducer element array
direction. Meanwhile, when all of the transducer elements
101a have performed ultrasound transmission, processing
proceeds to Step S201.
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[0130] In Step S201, the motion amount calculator 109
calculates a motion amount based on a plurality of frame
acoustic line signals stored in the data storage 107, and out-
puts the motion amount to the target area setter 110.

[0131] InStep S202, thetarget area setter 110 sets the target
area Bx for an initial transmission event based on the position
of the transmission aperture Tx for the initial transmission
event and the motion amount. In the initial loop of processing,
the target area setter 110 sets the target area Bx based on the
ultrasound irradiation area Ax for the initial transmission
event, which can be calculated from the transmission aperture
Tx for the initial transmission event.

[0132] The following describes how the target area setter
110 sets the target area Bx for one transmission event (re-
ferred to in the following as a processing-target transmission
event), which includes some of the measurement points Pij, in
Step S202. FIG. 14 is a flowchart illustrating how the recep-
tion beam former 104 sets the target area Bx for the process-
ing-target transmission event. First, the target area setter 110
acquires information indicating the position of the transmis-
sion aperture for the processing-target transmission event
from the transmission beam former 103, and acquires the
motion amount from the motion amount calculator 109 (Step
S2021). The target area setter 110 judges whether the motion
amount is equal to or greater than the predetermined thresh-
old value (Step S2022). When the motion amount is equal to
or greater than the predetermined threshold value, the target
area setter 110 provides the target area Bx with, for example,
minimum width in the transducer element array direction
(Step S2023), and processing proceeds to Step S2027. Mean-
while, when the motion amount is smaller than the predeter-
mined threshold value, the target area setter 110 judges
whether the target area Bx already has a maximum width in
the transducer element array direction (Step S2024). When
the target area Bx already has the maximum width in the
transducer element array direction, the target area setter 110
provides the target area Bx with the maximum width along
the transmission element array direction (i.e., maintains the
width of the target area Bx as it is) (Step S2025), and pro-
cessing proceeds to Step S2027. When the target area Bx does
not have the maximum width in the transducer element array
direction, the target area setter 110 provides the target area Bx
with slightly-increased width along the transmission element
array direction (Step S2026), and processing proceeds to Step
S2027. In Step S2027, the target area Bx so determined is
output to the delay-and-sum calculator 1041.

[0133] Providing the target area Bx with the minimum
width in the transducer element array direction when the
motion amount is equal to or smaller than the predetermined
threshold value achieves instantaneously reducing the size of
the target area Bx when the motion amount is equal to or
greater than the predetermined threshold value. Thus, this
enhances the response of the motion artifact suppression
effect of suppressing motion artifacts, such as image blurs
and false images, in an ultrasound image.

[0134] Meanwhile, providing the target area Bx with
slightly increased width in the transducer element array direc-
tion when the motion amount is smaller than the predeter-
mined threshold value prevents a rapid increase in the size of
the target area Bx. Thus, this suppresses flickers in ultrasound
images.

[0135] Referring to FIG. 13 once again, the following
describes measurement point-dependent beam forming (Step
S20 (including Steps S204 through S211)). In Step S20, coor-

Jul. 14,2016

dinate values i and j indicating a position of a measurement
point Pij that is included in the target area Bx for the process-
ing-target transmission event are initialized (set to the respec-
tive minimum possible values in the target area Bx for the
processing-target transmission event) (Steps S205 and $206).
Then, the reception aperture setter 1042A sets the reception
aperture Rx for the current measurement point Pij so that the
center position of the reception aperture Rx corresponds to a
transducer element Xk that is spatially closest to the current
measurement point Pij (Step S204).

[0136] Subsequently, an acoustic line signal is generated
for the current measurement point Pij (Step S207).

[0137] The following describes the operations in Step S207
for generating an acoustic line signal for the current measure-
ment point Pij. FIG. 15 is a flowchart illustrating the opera-
tions of the reception beam former 104 for generating the
acoustic line signal for the current measurement point Pij.
FIG. 16 is a schematic for explaining the operations of the
reception beam former 104 for generating the acoustic line
signal for the current measurement point Pij.

[0138] First, in Step S2071, the transmission time calcula-
tor 1043 calculates, for the current measurement point Pij, a
transmission time required for transmitted ultrasound to
arrive at the current measurement point Pij. As already
described above, the current measurement point Pij is a mea-
surement point included in the target area Bx for the process-
ing-target transmission event. The transmission time can be
calculated by dividing, by ultrasound velocity (cs), the geo-
metrically-calculable length of the path (401+402) starting
from a reception transducer element, passing through the
transmission focal point F, and arriving at the current mea-
surement point Pij.

[0139] Subsequently, value k, which indicates the position
of a target reception transducer element Rk of the reception
aperture Rx, is initialized (set to the minimum possible value
in the reception aperture Rx) (Step S2072). Then, the recep-
tion time for the reception transducer element Rk is calcu-
lated (Step S2073). The reception time is the time required for
transmitted ultrasound to arrive at the reception transducer
element Rk after being reflected at the current measurement
point Pij. The reception time for the reception transducer
element Rk can be calculated by dividing, by ultrasound
velocity (cs), the geometrically-calculable length of the path
(403) starting from the current measurement point and arriv-
ing at the reception transducer element Rk. Further, from a
sum of the transmission time and the reception time for the
reception transducer element Rk, the total propagation time
required for ultrasound transmitted from the transmission
aperture Tx to arrive at the reception transducer element Rk
after being reflected at the current measurement point Pjj is
calculated (Step S2074). Further, based on the difference in
total propagation time between different reception transducer
elements Rk, the delay amount for the reception transducer
element Rk is calculated (Step S2075).

[0140] Subsequently, a determination is performed of
whether or not a delay amount has been calculated for every
reception transducer element Rk composing the reception
aperture Rx (Step S2076). When a delay amount has not yet
been calculated for one or more of the reception transducer
elements Rk, the value k is incremented (Step S2077), and a
delay amount for another reception transducer element Rk is
calculated (Step S2073). Meanwhile, when a delay amount
has been calculated for every reception transducer element
Rk composing the reception aperture Rx, processing pro-



US 2016/0199038 A1

ceeds to Step S2078. Note that at this point, a delay amount
with respect to the current measurement point Pij has already
been calculated for each reception transducer element Rk of
the reception aperture Rx. The delay amount for a given
reception transducer element Rk indicates delay with which
reflected ultrasound from the current measurement point Pjj
arrives at the reception transducer element Rk.

[0141] In Step S2078, the delay processor 1046, for each
reception transducer element Rk, specifies a reception signal
based on reflected ultrasound from the current measurement
point Pij. Here, the delay processor 1046 specifies, from a
reception signal sequence corresponding to the reception
transducer element Rk, a reception signal corresponding to a
time point after subtraction of the delay amount for the recep-
tion transducer element Rk.

[0142] Subsequently, the weight calculator 1047 calculates
a weight sequence for the reception transducer elements Rk
of the current reception aperture Rx, so that the maximum
weight is set with respect to the reception transducer element
located at the center position of the reception aperture Rx in
the transducer element array direction (S2079). Then, the
adder 1048 generates an acoustic line signal for the current
measurement point Pij by multiplying the specified reception
signal for each reception transducer element Rk by a weight
corresponding to the reception transducer element Rk, and
summing the weighted reception signals for the different
reception transducer elements Rk (Step S2170). Following
this, the adder 1048 outputs the acoustic line signal for the
current measurement point Pij to the data storage 107 to be
stored in the data storage 107 (Step S2171).

[0143] Referring to FIG. 13 once again, subsequently, an
acoustic line signal is generated for each measurement point
P (each illustrated in FIG. 16 as a black dot) that is included
in the target area Bx for the processing-target transmission
event by repeating Step S207 while incrementing the coordi-
nate values i and j. Subsequently, a determination is pet-
formed of whether or not an acoustic line signal has been
generated for every measurement point P that is included in
the target area Bx for the processing-target transmission event
(Steps S208 and S210). When an acoustic line signal has not
yet been generated for one or more of the measurement points
P that are included in the target area Bx, an acoustic line signal
is generated for another measurement point Pij (Step S207)
by incrementing the coordinate valuesiand j (Steps S209 and
S211). Meanwhile, when an acoustic line signal has already
been generated for each measurement point P that is included
in the target area Bx, processing proceeds to Step S213. At
this point, an acoustic line signal has already been generated
for each measurement point P that is included in the target
area Bx corresponding to the processing-target transmission
event, and the acoustic line signals have been output to and
stored to the data storage 107. In other words, a sub-frame
acoustic line signal for the processing-target transmission
event has been generated, and output to and stored to the data
storage 107.

[0144] Subsequently, a determination is performed of
whether or not a sub-frame acoustic line signal has been
generated for each transmission event having been performed
(Step S213). When sub-frame acoustic line signals have not
yet been generated for one or more transmission events, pro-
cessing proceeds to Step S205, where coordinate values i and
jareinitialized (set to the respective minimum possible values
in the target area Bx for the subsequent transmission event,
which can be calculated from the transmission aperture Tx for
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the subsequent transmission event) (Steps S205 and S206),
and then setting of a reception aperture Rx is performed (Step
S204). Meanwhile, when sub-frame acoustic line signals
have been generated for every transmission event having been
performed, processing proceeds to Step S301.

[0145] In Step S301, the combiner 10491 reads out the
sub-frame acoustic line signals stored in the data storage 107,
and combines the sub-frame acoustic line signals based on
positions of the measurement points Pij. Thus, a combined
acoustic line signal is generated for each measurement point
Pij, and accordingly, a frame acoustic line signal is generated.
Subsequently, the amplifier 10492 multiples each combined
acoustic line signal by a corresponding amplification factor
that is determined based on the number of acoustic line sig-
nals, included in the sub-frame acoustic line signals, that have
been combined to yield the combined acoustic line signal
(Step S302). Further, the amplifier 10492 outputs the ampli-
fied frame acoustic line signal to the ultrasound image gen-
erator 105 and the data storage 107 (Step S303), whereby
processing is terminated.

<Evaluation of Improvement in Image Quality>

1. Motion Artifacts

[0146] In order to confirm the effects of the ultrasound
diagnostic device 100 of improving image quality, evaluation
was performed by causing B-mode images generated by the
ultrasound image generator 105 based on frame acoustic line
signals to be displayed on the display unit 106.

[0147] Through the evaluation, it was confirmed that the
ultrasound diagnostic device 100 yields clear images with
reduced image blurs, irrespective of whether the motion
amount was great or small. Thus, it was confirmed that the
ultrasound diagnostic device 100 yields high quality ultra-
sound images with high resolution, with low noise, and with
reduced motion artifacts.

[0148] As discussed above, the target area setter 110 of the
ultrasound diagnostic device 100 provides the target area Bx
with reduced width in the transducer element array direction
when the motion amount is equal to or greater than the pre-
determined threshold value. This reduces, for a given mea-
surement point, the number of sub-frame acoustic line signals
corresponding to the measurement point that the combiner
10491 uses to generate a combined acoustic line signal forthe
measurement point. As already described above, the com-
biner 10491 uses acoustic line signals corresponding to a
same measurement point that are included in different sub-
frame acoustic line signals for generating a combined acous-
tic line signal for the measurement point. Reducing the num-
ber of sub-frame acoustic line signals corresponding to a
same measurement point combined for generating a com-
bined acoustic line signal for the measurement point practi-
cally means that the combined acoustic line signal for the
measurement point is generated based on a reduced number
of transmission events.

[0149] As already discussed above, ultrasound transmis-
sion is performed by repetitively performing transmission
events while gradually shifting the transmission aperture Tx
in the transducer element array direction each time. Due to
this, reducing the number of transmission events based on
which a combined acoustic line signal is generated when the
motion amount is relatively great suppresses the influence of
the subject’s movement, relative to the reception transducer
elements, occurring between different transmission events.
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This reduces the influence of the subject having different
positions relative to the reception transducer elements in dif-
ferent sub-frame acoustic line signals used to create the frame
acoustic line signal, and thus suppresses motion artifacts
caused by the displacement (movement) of the subject, such
as image blurs and false images.

[0150] That is, the configuration of providing the target
area Bx with reduced width in the transducer element array
direction when the motion amount is equal to or greater than
the predetermined threshold value suppresses motion arti-
facts, such as image blurs and false images, occurring as a
result of the movement of the subject and the transducer
elements relative to one another, such as the movement of the
subject or the movement of the probe.

1. Effects of Amplification (Depth-Direction Gain
Equalization for Reducing Unevenness in Depth Direction)

[0151] In order to confirm the effects of the ultrasound
diagnostic device 100 of improving image quality through the
amplification pertaining to the present embodiment, evalua-
tion was performed of displayed B-mode images.

[0152] FIG. 17 includes photographs of B-mode images
generated by the ultrasound diagnostic device 100 based on
frame acoustic line signals. In each B-mode image, the hori-
zontal direction corresponds to the transducer element array
direction, and the vertical direction corresponds to the depth
direction. Further, the numeric value TXAP at the top of each
B-mode image is the width of the base of the target area Bx
having the hourglass shape, expressed by using the number of
transducer elements. Meanwhile, FIG. 18 includes photo-
graphs of B-mode images generated by the ultrasound diag-
nostic device 100 based on frame acoustic line signals gen-
erated without performing the amplification pertaining to the
present embodiment.

[0153] In FIG. 18, particularly in B-mode images for
smaller TXAP values, boundaries between areas with differ-
ent image densities were prominent at multiple areas in the
vertical direction (indicated by the arrows in FIG. 18). This
shows that the greater the motion amount, the more promi-
nent the boundaries between areas with different image den-
sity. These boundaries correspond to boundaries where the
width of the target area Bx in the transducer element array
direction changes along the depth direction. From this, it can
be assumed that the luminance boundaries are the result of the
width of the target area Bx in the transducer element array
direction decreasing at such boundaries. By comparing FIG.
18 showing B-mode images without the amplification per-
taining to the present embodiment and FIG. 17 illustrating
B-mode images with the amplification pertaining to the
present embodiment, it is clear that the ultrasound diagnostic
device 100, by performing the amplification pertaining to the
present embodiment, reduces the prominence of the image
density boundaries in the depth direction, even when the
motion amount is great.

<Effects>

[0154] As described above, the ultrasound diagnostic
device 100 pertaining to the present embodiment, according
to the synthetic aperture method, synthesizes acoustic line
signals for the same measurement point that are generated in
response to different transmission events. This achieves the
effect of performing, for multiple transmission events, virtual
transmission focusing even for measurement points that are
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located in depths other than that of the transmission focal
point F. This improves spatial resolution and S/N ratio.

[0155] Further, the ultrasound diagnostic device 100 calcu-
lates a motion amount based on frame acoustic line signals,
and performs a judgment based on the magnitude of the
motion amount. Further, the ultrasound diagnostic device
100, when the motion amount is equal to or greater than a
predetermined threshold value, provides the target area Bx
with reduced width in the transducer element array direction,
or more specifically, reduces the width of the target area Bx to
a predetermined minimum width. As described above, the
target area Bx for a transmission event is a virtual area for
generating a sub-frame acoustic line signal for the transmis-
sion event. Due to this, the ultrasound diagnostic device 100
reduces the number of sub-frame acoustic line signals used
for generating a frame acoustic line signal when the motion
amount detected from frame acoustic line signals is equal to
or greater than the predetermined threshold value. Thus, the
ultrasound diagnostic device 100 is capable of suppressing
the occurrence of motion artifacts such as image blurs and
false images that result from movement in ultrasound images
and are characteristic to the synthetic aperture method.

[0156] Further, the ultrasound diagnostic device 100 per-
forms delaying based on the total propagation time, which is
the time period from when ultrasound is transmitted from the
transmission aperture Tx until the ultrasound is received by
reception transducer elements Rk of the reception aperture
Rx after passing through the transmission focal point F and
being reflected at a measurement point P that is included in
the target area Bx. This enables performing delay-and-sum
processing focusing for each measurement point P that is
included in the target area Bx, and generating an acoustic line
signal for each measurement point P. This achieves generat-
ing, for one ultrasound transmission event, not only an acous-
tic line signal generated based on ultrasound reflection from
an area of the ultrasound irradiation area along the central axis
of the transmitted ultrasound beam, but also acoustic line
signals generated based on ultrasound reflection from areas of
the ultrasound irradiation area other than the rather narrow
area along the central axis of the transmitted ultrasound beam,
and thus, improves spatial resolution and signal S/N ratio by
enhancing the efficiency of use of transmitted ultrasound.

[0157] Inaddition, inthe ultrasound diagnostic device 100,
the reception aperture setter 1042 sets, for each measurement
point P, the reception aperture Rx so that the center position of
the reception aperture Rx corresponds to a transducer element
that is spatially closest to the measurement point P. Accord-
ingly, reception beam forming is performed based on the
position of the measurement point P rather than the corre-
sponding transmission event, and by using a reception aper-
ture thatis symmetric about the measurement point P (i.e., has
the same number of apertures at both sides of the center
position thereofin the transducer element array direction). In
addition, reception beam forming may be performed by using
areception apodization that has a symmetrical distribution at
both sides of the measurement point P in the transducer ele-
ment array direction. Due to this, the reception aperture (or
the reception aperture and apodization weight) for a given
measurement point does not change (i.e., the same reception
aperture (or the same reception aperture and same apodiza-
tion weight) is used for the same measurement point) between
any transmission events, which involve shifting the transmis-
sion focal point F in the transducer element array direction.
Thus, delay-and-sum processing for the same measurement
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point P is always performed by using the same reception
aperture (or the same reception aperture and same apodiza-
tion weight). In addition, in the ultrasound diagnostic device
100, a weight sequence is set so that the closer a reception
transducer element is to the measurement point P, the greater
the weight applied to the reception transducer element. Due to
this, even taking into account the fact that ultrasound decay
increases as propagation distance increases, ultrasound
reflected from the measurement point P can be used with high
efficiency. Accordingly, the ultrasound diagnostic device 100
achieves both high local spatial resolution and high S/N ratio.

Modification 1

[0158] The reception aperture setter 1042 in the ultrasound
diagnostic device 100 pertaining to embodiment 1 sets, for
each measurement point P, the reception aperture Rx so that
the center position of the reception aperture Rx in the trans-
ducer element array direction corresponds to a transducer
element that is spatially closest to the measurement point P.
However, the configuration of the reception aperture Rx may
be changed as necessary, as long as acoustic line signals for all
measurement points P that are included in each target area Bx
can be generated by calculating total propagation times and
performing delaying based on total propagation paths. As
already discussed above, a total propagation time for a given
reception transducer element Rk is the time required for ultra-
sound transmitted from the transmission aperture Tx to reach
the reception transducer element Rk after passing through the
transmission focal point F and being reflected at the measure-
ment point P.

[0159] The ultrasound diagnostic device pertaining to
Modification 1 differs from the ultrasound diagnostic device
100 pertaining to embodiment 1 for including a reception
aperture setter (a Tx reception aperture setter) that sets, for
each transmission event, the reception aperture Rx so that the
center position of the reception aperture Rx corresponds to
the center position of the transmission aperture Tx for the
transmission event. That is, the reception aperture Rx in
modification 1 can be referred to as a transmission-dependent
reception aperture. Other than the Tx reception aperture set-
ter, the constituent elements of the ultrasound diagnostic
device pertaining to modification 1 have the same structures
and configurations as the corresponding constituent elements
in the ultrasound diagnostic device 100 described in embodi-
ment 1. Thus, description of such similar constituent ele-
ments is not provided in the following.

[0160] FIG. 19 is a schematic illustrating the relationship
between the transmission aperture Tx for a given transmis-
sion event and the reception aperture Rx set by the Tx recep-
tion beam former for the transmission event. In modification
1, the Tx reception aperture setter sets, for each transmission
event, the reception aperture Rx so that the center position of
the reception aperture Rx in the transmission element array
direction corresponds to the center position of the transmis-
sion aperture Tx for the transmission event. The position of an
axis Rxo passing through the center position of the reception
aperture Rx corresponds to the position of an axis Txo passing
through the center position of the transmission aperture Tx.
Further, the reception aperture Rx is symmetric about the
transmission focal point F (i.e., has the same number of
apertures at both sides of the center position thereof in the
transmission array direction). As such, as the transmission
aperture Tx shifts in the transducer element array direction
from one transmission event to another, the reception aperture
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Rx also shifts in the transducer element array direction, fol-
lowing the transmission aperture Tx.

[0161] In addition, a weight sequence (so-called reception
apodization weight) for the reception transducer elements Rk
is calculated, so that the maximum weight is set with respect
to the reception transducer element located along the center
axis Rxo of the reception aperture Rx and the center axis Txo
of the transmission aperture Tx. The weight sequence indi-
cates weights distributed symmetrically with respect to a
transmission transducer element located at the center position
of the transmission aperture Tx. As the shape of distribution
of the weights indicated by the weight sequence, any shape is
applicable, including but not limited to a hamming window, a
hanning window, and a rectangular window.

<Operations>

[0162] FIG. 20 is a flowchart illustrating the operations of a
reception beam former of the ultrasound diagnostic device
pertaining to modification 1 for beam forming. The flowchart
in FIG. 20 differs from the flowchart in FIG. 13 for transmis-
sion-dependent dependent beam forming (Step S40 (includ-
ing Steps S404 through S411)) being performed in place of
measurement point-dependent beam forming (Step S20 (in-
cluding Steps S204 through S211)). Meanwhile, the process-
ing in steps other than Step S40 in the flowchart in FIG. 20 is
similar to the processing in the corresponding steps in the
flowchart in FIG. 13. Thus, description of such similar pro-
cessing is not provided in the following.

[0163] In Step S40, first, the TX reception aperture setter
sets a reception aperture Rx for a transmission event by
selecting reception transducer elements Rk composing a
reception element array whose center position matches the
center position of the transducer element array for the corre-
sponding transmission event, in Step S404.

[0164] Subsequently, coordinate values i and j indicating a
position of a measurement point Pij that is included in the
target area Bx for the processing-target transmission event are
initialized (set to the respective minimum possible values in
the target area Bx set in Step S202) (Steps S405 and S406).
Subsequently, an acoustic line signal is generated for the
current measurement point Pij (Step S407). FIG. 21 is a
schematic for explaining the operations of the reception beam
former pertaining to modification 1 for generating the acous-
tic line signal for the current measurement point Pij. FIG. 21
differs from FIG. 13 referred to in embodiment 1 in terms of
the positional relationship between the transmission aperture
Tx and the reception aperture Rx. The processing in Step
S407 is similar to that in Step S207 of FIG. 13 (i.e., Steps
S2071 through S2171 in FIG. 15).

[0165] An acoustic line signal is generated for each mea-
surement point Pij (each illustrated in FIG. 21 as a black dot)
that is included in the target area Bx by repeating Step S407
while incrementing the coordinate values i and j. Subse-
quently, a determination is performed of whether or not an
acoustic line signal has been generated for every measure-
ment point Pij that is included in the target area Bx (Steps
S408 and S410). When an acoustic line signal has not yet been
generated for one or more measurement points Pij that are
included in the target area Bx, an acoustic line signal is
generated for another measurement point Pij (Step S407) by
incrementing the coordinate values i and j (Steps S409 and
S411). Meanwhile, when an acoustic line signal has already
been generated for each measurement point Pij that is
included in the target area Bx, processing proceeds to Step
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S213. At this point, an acoustic line signal has already been
generated for each measurement point P that is included in the
target area Bx for the processing-target transmission event,
and the acoustic line signals have been output to and stored to
the data storage 107.

[0166] Subsequently, a determination is performed of
whether or not a sub-frame acoustic line signal has been
generated for each transmission event having been performed
(Step S213). When sub-frame acoustic line signals have not
yet been generated for one or more transmission events, pro-
cessing proceeds to Step S202, where the target area Bx
corresponding to the transmission aperture Tx for the subse-
quent transmission event is set, and then setting of a reception
aperture Rx is performed (Step S404). Meanwhile, when
sub-frame acoustic line signals have been generated for every
transmission event having been performed, processing pro-
ceeds to Step S301.

[0167] Subsequently, a plurality of sub-frame acoustic line
signals are combined based on positions of the measurement
points Pij, and a frame acoustic line signal is generated (Step
S301). Here, the frame acoustic line signal is composed of
combined acoustic line signals for respective measurement
points. Then, each combined acoustic line signal is multiplied
by an amplification factor that is determined based on the
number of acoustic line signals combined to yield the com-
bined acoustic line signal (Step S302), before being output to
the ultrasound image generator 105 and the data storage 107
(Step S303).

<Effects>

[0168] The ultrasound diagnostic device pertaining to
modification 1, which has been described up to this point,
achieves the effects described in embodiment 1, other than the
effect related to setting a measurement point-dependent
reception aperture. In place of the effect related to setting a
measurement point-dependent reception aperture, the ultra-
sound diagnostic device pertaining to modification 1 achieves
the following effect. In modification 1, for each transmission
event, the reception aperture Rx is set by selecting reception
transducer elements forming a transducer element array
whose center position corresponds to the center position of
the transducer element array for the transmission event. Due
to this, the position of the central axis Rxo of the reception
aperture Rx for a given transmission event corresponds to the
position of the central axis Txo of the transmission aperture
Tx for the same transmission event. Further, when transmis-
sion events are repetitively performed, the transmission aper-
ture Tx shifts in the transducer element array direction each
time, and the reception aperture Rx also shifts in the trans-
ducer element array direction in synchronization with the
transmission aperture Tx. Thus, a different reception aperture
(or a different reception aperture and different apodization
weight) is used to perform delay-and-sum for each transmis-
sion event. Accordingly, reception processing with respect to
multiple transmission events can be performed by using a
group of reception apertures (or a group of reception apet-
tures and apodization weights) covering a vast measurement
area and each differing in terms of time. Thus, uniform spatial
resolution is achieved over a vast measurement area.

Embodiment 2

[0169] In the ultrasound diagnostic device 100 pertaining
to embodiment 1, the motion amount calculator 109 uses a
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plurality of frame acoustic line signals as input, and calculates
a motion amount indicating the movement of image signals
for the subject between the plurality of frame acoustic line
signals by performing image analysis. However, as long as
the motion amount calculator 109 is capable of detecting a
motion amount indicating the movement of image signals for
the subject based on reflected ultrasound, the motion amount
calculator 109 need not perform image analysis on frame
acoustic line signals, and may perform image analysis on
other signals as appropriate.

[0170] Embodiment 2 describes an ultrasound diagnostic
device that performs image analysis on sub-frame acoustic
line signals to detect a motion amount. That is, the ultrasound
diagnostic device pertaining to embodiment 2, for each trans-
mission event, calculates a motion amount based on a plural-
ity of sub-frame acoustic line signals each corresponding to
one transmission event, and for each transmission event, sets
the target area Bx so that the target area Bx reflects the motion
amount detected based on the plurality of sub-frame acoustic
line signals.

<Structure>

[0171] The following describes the ultrasound diagnostic
device pertaining to embodiment 2, with reference to the
accompanying drawings. FIG. 22 is a functional block dia-
gram illustrating the structure of a reception beam former
104A of the ultrasound diagnostic device pertaining to
embodiment 2. The ultrasound diagnostic device pertaining
to embodiment 2 includes a motion amount calculator 109A.
The motion amount calculator 109A, based on a plurality of
sub-frame acoustic line signals stored in the data storage 107,
calculates a motion amount indicating the movement of
image signals for the subject between the sub-frame acoustic
line signals. Note that each of the sub-frame acoustic line
signals stored in the recording medium has been generated in
response to one transmission event. In addition, the ultra-
sound diagnostic device pertaining to embodiment 2 includes
a target area setter 110A that, for each transmission event,
provides the target area Bx with reduced width in the trans-
ducer element array direction when the motion amount,
detected for the transmission event, is equal to or greater than
a predetermined threshold value. The ultrasound diagnostic
device pertaining to embodiment 2 is characterized for
including the motion amount calculator 109A and the target
area setter 110A. Other than the motion amount calculator
109A and the target area setter 110A, the constituent elements
of the ultrasound diagnostic device pertaining to embodiment
2 have the same structures and configurations as the corre-
sponding constituent elements in the ultrasound diagnostic
device 100 described in embodiment 1. Thus, description of
such similar constituent elements is not provided in the fol-
lowing. That is, the ultrasound signal processing device of the
ultrasound diagnostic device pertaining to embodiment 2 is
constituted of an ultrasound signal processing circuit includ-
ing, in addition to the reception aperture setter 104A, the
multiplexer 102, the transmission beam former 103, and the
ultrasound image generator 105.

(1) Motion Amount Calculator 109A

[0172] The motion amount calculator 109A performs
image analysis on sub-frame acoustic line signals already
stored in the data storage 107 to calculate a motion amount
indicating the movement of image signals for the subject
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between the sub-frame acoustic line signals. The motion
amount calculator 109A performs the calculation of motion
amount for each transmission event. The motion amount cal-
culator 109A calculates a motion amount from the sub-frame
acoustic line signals by, for example, comparing the sub-
frame acoustic line signals and calculating differences
between corresponding image areas (composed of one or
more pixels) of the sub-frame acoustic line signals, in terms
of signal intensity, luminance, and/or the like. Here, it is
preferable that sub-frame acoustic line signals used in motion
amount calculation be sub-frame acoustic line signals that
have been recently generated, among the sub-frame acoustic
line signals stored in the data storage 107. For example, the
motion amount calculator 109A may use two sub-frame
acoustic line signals most recently generated for motion
amount calculation, and compare a sub-frame acoustic line
signal generated later among the two with a sub-frame acous-
tic line signal generated earlier among the two.

[0173] In embodiment 2. the motion amount calculator
109A acquires two sub-frame acoustic line signals from the
data storage 107, and performs motion amount calculation by
calculating a difference between the two sub-frame acoustic
line signals, in terms of signal intensity or luminance. The
motion amount calculator 109A calculates a motion amount
in the same way as when the motion amount calculator 109
calculates a motion amount. Meanwhile, while the motion
amount calculator 109 performs image analysis with respect
to frame acoustic line signals in motion amount calculation as
illustrated in FIG. 4, the motion amount calculator 109A
performs image analysis with respect to sub-frame acoustic
line signals.

[0174] For each transmission event, the motion amount
calculator 109 A outputs the motion amount calculated based
on sub-frame acoustic line signals to the target area setter
110A.

[0175] Alternatively, instead of calculating the motion
amount based on sub-frame acoustic line signals, the motion
amount calculator 109A may calculate the motion amount
based on reception signal sequences that have been generated
based on reflected ultrasound in response to transmission
events and that have not yet been delayed-and-summed.

(2) Target Area Setter 110A

[0176] The target area setter 110A, for each transmission
event, sets the target area Bx based on information acquired
from the transmission beam former 103 and a motion amount
acquired from the motion amount calculator 109A. The infor-
mation acquired from the transmission beam former 103 indi-
cates the position of the transmission aperture Tx for the
transmission event. The motion amount acquired from the
motion amount calculator 109A, which is acquired for each
transmission event, indicates the movement of image signals
for the subject and is calculated based on sub-frame acoustic
line signals. The target area setter 110A changes the width of
the target area Bx in the same way as the target area setter 110
changes the width of the target area Bx in the transducer
element array direction based on different motion amounts,
which is illustrated in FIG. 5.

[0177] In the present embodiment, the target area setter
110A may provide the target area Bx with a minimum width
in the transducer element array direction when the motion
amount is equal to or greater than the predetermined thresh-
old value.
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[0178] The target area setter 110A outputs the target area
Bx set as above to the delay-and-sum calculator 1041.

<QOperations>

[0179] FIG. 23 is a flowchart illustrating beam forming by
the reception beam former 104A. The flowchart in FIG. 23
differs from the flowchart in FIG. 13 for including Step
S201A in place of Step S201 (motion amount calculation),
and for including Step S202A in place of Step S202 (target
area setting). Meanwhile, the processing in steps other than
Steps S201A and 5202A in the flowchart in FIG. 23 is similar
to the processing in the corresponding steps in the flowchart
in FIG. 13. Thus, description of such similar processing is not
provided in the following.

[0180] In Step S201A, the motion amount calculator 109A
calculates a motion amount and outputs the motion amount to
the target area setter 110A. The motion amount indicates the
movement of image signals for the subject between sub-
frame acoustic line signals stored in the data storage 107.
[0181] In Step S202A, the target area setter 110A sets the
target area Bx for the processing-target transmission event
based on information indicating the position of the transmis-
sion aperture Tx for the processing-target transmission event,
which is acquired for the processing-target transmission
event, and the motion amount, which is calculated for the
processing-target transmission event based on sub-frame
acoustic line signals.

[0182] In Step S202A, the target area setter 110A sets the
target area Bx in the same way as illustrated in FIG. 14 (Steps
S2021 through S2027). The target area setter 110A outputs
the target area Bx determined as above to the delay-and-sum
calculator 1041.

[0183] Subsequently, processing proceeds to measure-
ment-point dependent beam forming (Step S20 (including
Steps S204 through S211)). An acoustic line signal is gener-
ated for each measurement point Pij that is included in the
target area Bx, by repeating Step S207 while incrementing the
coordinate values 1 and j.

[0184] Subsequently. a determination is performed of
whether or not a sub-frame acoustic line signal has been
generated for each transmission event having been performed
(Step S213). When sub-frame acoustic line signals have not
yet been generated for one or more transmission events, pro-
cessing returns to Step S202A, where the sub-frame acoustic
line signals to be used for image analysis are updated, and
motion amount calculation is performed based on a plurality
of sub-frame acoustic line signals including the sub-frame
acoustic line signal most recently generated. Further, the tar-
get area Bx for the subsequent transmission event is set in
accordance with the motion amount so calculated and the
position of the transmission aperture Tx for the subsequent
transmission event (Step S202A), and the reception aperture
Rx is set (Step S404). Meanwhile, when sub-frame acoustic
line signals have been generated for all transmission events,
processing proceeds to Step S301.

[0185] Subsequently, a plurality of sub-frame acoustic line
signals are combined based on positions of the measurement
points Pij, and a frame acoustic line signal is generated (Step
S301). Here, the frame acoustic line signal is composed of
combined acoustic line signals for respective measurement
points. Then, each combined acoustic line signal is multiplied
by an amplification factor that is determined based on the
number of acoustic line signals combined to yield the com-
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bined acoustic line signal (Step S302), before being output to
the ultrasound image generator 105 and the data storage 107
(Step S303).

<Effects>

[0186] As discussed up to this point, the ultrasound diag-
nostic device pertaining to embodiment 2 is similar to the
ultrasound diagnostic device 100 pertaining to embodiment 1
for being capable of suppressing the occurrence of motion
artifacts such as image blurs and false images that result from
movement in ultrasound images and are characteristic to the
synthetic aperture method, and thus yields high quality ultra-
sound images with high resolution, with low noise, and with
reduced motion artifacts.

[0187] Further, the ultrasound diagnostic device pertaining
to embodiment 2 calculates a motion amount for each trans-
mission event, and performs a judgment based on the magni-
tude of the motion amount for each transmission event. Fur-
ther, the ultrasound diagnostic device pertaining to
embodiment 2, when the motion amount is equal to or greater
than a predetermined threshold value, provides the target area
Bx with a predetermined minimum width in the transducer
element array direction. Accordingly, when a motion amount
equal to or greater than the predetermined threshold value is
calculated during the execution of a sequence of transmission
events from which a frame acoustic line signal is to be gen-
erated, the ultrasound diagnostic device pertaining to
embodiment 2 instantaneously reduces the size of the target
area Bx. This enhances the motion artifact suppression effect
of suppressing motion artifacts, such as image blurs and false
images, in an ultrasound image.

Modification 2

[0188] The synthesizer 1049 of the reception beam former
104A of the ultrasound diagnostic device pertaining to
embodiment 2, similar to that of the reception beam former
104 of the ultrasound diagnostic device 100, generates a
frame acoustic line signal composed of combined acoustic
line signals for respective measurement points by combining
sub-frame acoustic line signals generated based on different
transmission events. In specific, a combined acoustic line
signal for a given measurement point is generated by com-
bining acoustic line signals for the same measurement point
that are included in the sub-frame acoustic line signals
according to the positions of the measurement points from
which the acoustic line signals have been acquired.

[0189] Meanwhile, modification 2 describes a reception
beam former in which a synthesizer generates combined
acoustic line signals in a manner different from the above,
particularly when the target area setter 110A provides the
target area for a given transmission event with reduced width
in the transducer element array direction based on a determi-
nation that a motion amount acquired for the transmission
event is equal to or greater than the predetermined threshold
value. In specific, the synthesizer in the reception beam
former pertaining to modification 2, when the target area
setter 110A provides the target area for a given transmission
event with reduced width in the transducer element array
direction, sets zero as a value of each acoustic line signal in
every sub-frame acoustic line signal acquired prior to the
transmission event.

[0190] Further, the synthesizer of the reception beam
former pertaining to modification 2 may generate a frame
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acoustic line signal composed of combined acoustic line sig-
nals for respective measurement points by combining sub-
frame acoustic line signals generated based on different trans-
mission events. In specific, a combined acoustic line signal
for a given measurement point is generated by combining
acoustic line signals for the same measurement point that are
included in the sub-frame acoustic line signals according to
the positions of the measurement points from which the
acoustic line signals have been acquired.

[0191] Accordingly, even when the width of the target area
Bx in the transducer element array direction is reduced due to
a motion amount equal to or greater than the predetermined
threshold value being calculated during the execution of a
sequence of transmission events from which a frame acoustic
line signal is to be generated, the occurrence of image uneven-
ness (stripes) in B-mode images along the transducer element
array direction, which would otherwise occur due to a change
occurring in the number of sub-frame acoustic line signals
being overlaid per measurement point, is suppressed, which
results in the generation of ultrasound images without image
unevenness.

[0192] Here, the target area setter 110A may provide the
target area Bx with the minimum width in the transducer
element array direction when the motion amount is equal to or
greater than a predetermined threshold value.

Other Modifications

[0193] Up to this point, the technology pertaining to the
present disclosure has been described based on specific
embodiments and modifications thereof. However, the
embodiments and modifications described above are non-
limiting examples of application of the technology pertaining
to the present disclosure, and thus, the technology pertaining
to the present disclosure shall be construed to encompass the
following exemplar modifications.

[0194] For example, the technology pertaining to the
present disclosure may be implemented by using a computer
system including a memory storing a computer program and
a microprocessor operating based on the computer program.
For example, the computer system may store a computer
program of a diagnosis method of an ultrasound diagnostic
device pertaining to the technology of the present disclosure,
and the computer system may operate in accordance with the
computer program or may provide instructions in accordance
with the computer program to various components connected
thereto.

[0195] Further, the technology pertaining to the present
disclosure may be implemented by implementing a part of or
the entirety of an ultrasound diagnostic device described
above, or a part of or an entirety of an beam former described
above by using a computer system including a microproces-
sor, a recording medium such as a ROM ora RAM, and a hard
disk unit. In this implementation, a computer program achiev-
ing the same operations as a device described above is stored
to the RAM or the hard disk unit. Further, in this implemen-
tation, various devices achieve their functions by the micro-
processor operating in accordance with the computer pro-
gram.

[0196] Further, the technology pertaining to the present
disclosure may be implemented by implementing some or all
constituent elements included in a device described above by
using one system LSI (large scale integration). A system LSI
is an ultra-multifunctional LSI manufactured by integrating
multiple components onto one chip. Specifically, a system
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LSI is a computer system including a microprocessor, a
ROM, a RAM, and the like. Further, each constituent element
may be separately implemented by using one chip, or some or
all constituent elements may be implemented by using one
chip. Note that LSIs are referred to by using different names,
depending upon the level of integration achieved thereby.
Such names include IC, system LSI, super LSI, and ultra LSI.
In this implementation, a computer program achieving the
same operations as any device described above is stored to the
RAM. Further, in this implementation, the system LSI
achieves its functions by the microprocessor operating in
accordance with the computer program. For example, the
technology pertaining to the present disclosure encompasses
a form of implementation where an LSI stores a beam form-
ing method pertaining to the present disclosure as a program,
the LSI is inserted into a computer, and the computer executes
the program (i.e., the beam forming method pertaining to the
present disclosure).

[0197] Note that integration of circuits may be achieved by
a dedicated circuit or a general purpose processor, in addition
to being achievable by using an LSI as discussed above.
Further, a Field Programmable Gate Array (FPGA), which is
programmable after manufacturing, or a reconfigurable pro-
cessor, which allows reconfiguration of the connection and
setting of circuit cells inside the [.SI, may be used.

[0198] Furthermore, if technology for circuit integration
that replaces LSIs emerges, owing to advances in semicon-
ductor technology or to another derivative technology, the
integration of functional blocks may naturally be accom-
plished using such technology.

[0199] Further, some or all functions of an ultrasound diag-
nostic device discussed in the embodiments may be imple-
mented by a processor such as a CPU executing a program.
Further, the technology pertaining to the present disclosure
may be implemented by using a non-transitory computer-
readable recording medium having recorded thereon a pro-
gram causing execution of a diagnostic method and a beam
forming method of an ultrasound diagnostic device. Further,
execution of the program by another independent computer
system may be achieved by transferring the program by
recording the program or a signal onto a recording medium.
Naturally, the program may be distributed via means of trans-
mission media such as the internet.

[0200] Each oftheultrasound diagnostic devices pertaining
to the embodiments includes the data storage, which is a
recording device. However, the recording device need not be
included in the ultrasound diagnostic devices, and may be
implemented by using a semiconductor memory, a hard disk
drive, an optical disk drive, a magnetic storage device, or the
like connected to the ultrasound diagnostic devices from the
outside.

[0201] Further, the functional blocks illustrated in the block
diagrams are mere examples of possible functional blocks.
That is, a plurality of functional blocks illustrated in the block
diagrams may be combined to form one functional block, a
given functional block illustrated in the block diagrams may
be divided into a plurality of functional blocks, and a function
of a given functional block illustrated in the block diagrams
may be transferred to another functional block. Further, with
regards to multiple functional blocks having similar func-
tions, such functional blocks may be implemented by one
piece of hardware or software executing such functions in
parallel or by applying time division.
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[0202] Further, the above-described order in which steps of
processing are executed is a non-limiting example among
multiple possible orders that is used for the sole sake of
providing specific description of the technology pertaining to
the present disclosure. Further, some of the steps of process-
ing described above may be executed simultaneously (in par-
allel).

[0203] Further, in the embodiments, description is pro-
vided that the ultrasound diagnostic devices may have a probe
and a display attached thereto. However, the ultrasound diag-
nostic devices may include a probe and a display therein.
[0204] Further, in the embodiments, the probe includes a
plurality of piezoelectric transducer elements forming a line
in one direction. However, the probe may have a different
structure. For example, the probe may include a plurality of
piezoelectric transducer elements disposed two-dimension-
ally. Alternatively, the probe may be a swingable probe
including a plurality of swingable transducer elements (i.e.,
transducer elements that can be caused to swing by mechani-
cal means) forming a line in one direction, which enables
acquisition of three-dimensional tomographic images. Fur-
ther, probes of different types may be selected and used
depending upon the examination to be performed. For
example, when using a probe including piezoelectric trans-
ducer elements disposed two-dimensionally, supplying dif-
ferent piezoelectric transducer elements with voltages at dif-
ferent timings or with voltages with different values achieves
controlling the position, the direction, etc., of the ultrasound
beam to be transmitted.

[0205] Further, the probe may be provided with some of the
functions of the transmission beam former/reception beam
former. For example, the probe may be capable of generating
atransmission electric signal based on a control signal that the
transmission beam former/reception beam former outputs to
cause generation of a transmission electric signal, and of
converting the transmission electronic signal into ultrasound.
In addition, the probe may be capable of converting reflected
ultrasound into a reception electric signal, and of generating
a reception signal based on the reception electric signal.
[0206] Further, at least some of the functions of the ultra-
sound diagnostic devices pertaining to the embodiments and
the modifications may be combined with functions of other
ones of the ultrasound diagnostic devices pertaining to the
embodiments and the modifications. Further, the values used
above are non-limiting examples used for the sole sake of
providing specific description of the technology pertaining to
the present disclosure, and may be replaced with other values.
[0207] Further, the technology pertaining to the present
disclosure should be construed as encompassing various
modifications that a skilled artisan would arrive at based on
the embodiments describe above.

<<Conclusion>>

[0208] As described above, one aspect of the present dis-
closure is an ultrasound signal processing device (i) perform-
ing a sequence of transmission events each involving select-
ing a first group of transducer elements from among a
plurality of transducer elements of an ultrasound probe that
are arranged in at least one line along a transducer element
array direction, and causing each transducer element in the
first group to transmit ultrasound towards a subject; (ii) for
each of the transmission events, generating a sub-frame
acoustic line signal based on ultrasound reflection received
from the subject inresponse to the transmission event, to yield
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a plurality of sub-frame acoustic line signals each corre-
sponding to a different one of the transmission events; and
(iii) generating a frame acoustic line signal for the sequence
based on the sub-frame acoustic line signals for the transmis-
sion events, the ultrasound signal processing device including
ultrasound signal processing circuitry that operates as: a
transmitter that, in each of the transmission events, selects the
first group and causes each transducer element in the first
group to transmit ultrasound towards the subject, the trans-
mitter selecting the first group such that the first group shifts
in the transducer element array direction from one transmis-
sion event to another; a receiver that, for each of the trans-
mission events, selects a second group of transducer elements
from among the plurality of transducer elements of the ultra-
sound probe, and generates a reception signal sequence for
each transducer element in the second group based on ultra-
sound reflection received by the transducer element; a target
area setter that, for each of the transmission events, sets a
target area being a virtual signal area for generating the sub-
frame acoustic line signal for the transmission event; a delay-
and-sum calculator that, for each of the transmission events,
generates the sub-frame acoustic line signal by performing,
for each measurement point that is included in the target area
for the transmission event, delay-and-sum processing with
respect to one or more reception signal sequences generated
based on ultrasound reflection received from the measure-
ment point; and a synthesizer generating the frame acoustic
line signal for the sequence based on the sub-frame acoustic
line signals for the transmission events, and in the ultrasound
signal processing device, the ultrasound signal processing
circuitry further operates as a motion amount calculator that
calculates, based on reflected ultrasound, a motion amount
indicating movement between image signals for the subject,
and the number of sub-frame acoustic line signals that the
synthesizer uses to generate a frame acoustic line signal
decreases when the motion amount is equal to or greater than
a predetermined threshold.

[0209] This structure achieves generation of high quality
ultrasound images with high resolution, with low noise, and
with reduced motion artifacts.

[0210] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the target area
setter may provide the target area with reduced width in the
transducer element array direction when the motion amount
is equal to or greater than the predetermined threshold.

[0211] This reduces, with a simple structure, the number of
sub-frame acoustic line signals combined for generating a
combined acoustic line signal, included in the frame acoustic
line signal, that corresponds to one measurement point when
the motion amount detected from reflected ultrasound is
equal to or greater than the predetermined threshold. Thus,
this structure suppresses the occurrence of motion artifacts
such as image blurs and false images that result from move-
ment in ultrasound images and are characteristic to the syn-
thetic aperture method.

[0212] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the sub-frame
acoustic line signals, each of which corresponding to one of
the transmission events, may each include acoustic line sig-
nals for measurement points that are included in the target
area for the corresponding transmission event, and the syn-
thesizer may generate the frame acoustic line signal by com-
bining the sub-frame acoustic signals based on positions of
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measurement points from which the acoustic line signals
included in the sub-frame acoustic line signals are acquired.
[0213] This achieves, with a simple structure, anultrasound
signal processing device capable of generating high quality
ultrasound images with high resolution, with low noise, and
with reduced motion artifacts.

[0214] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the motion amount
calculator may calculate the motion amount based on a plu-
rality of frame acoustic line signals that have been generated
in the past and are stored in a recording medium.

[0215] This reduces the number of sub-frame acoustic line
signals combined for generating the frame acoustic line sig-
nal when the motion amount detected from reflected ultra-
sound is equal to or greater than the predetermined threshold.
Thus, this structure suppresses the occurrence of motion arti-
facts such as image blurs and false images that result from
movement in ultrasound images and are characteristic to the
synthetic aperture method.

[0216] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the motion amount
calculator may calculate the motion amount based on a dif-
ference between values ofacoustic line signals corresponding
to a same measurement point that are included in the frame
acoustic line signals stored in the recording medium.

[0217] This achieves, with a simple structure, detecting a
motion amount indicating the movement of image signals for
the subject between frame acoustic line signals.

[0218] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the sub-frame
acoustic line signals, from which the frame acoustic line
signal is generated, may be generated based on the same
target area.

[0219] This structure, even when the width of the target
area Bx in the transducer element array direction is reduced
due to a change in motion amount being detected during the
execution of a sequence of transmission events from which a
frame acoustic line signal is to be generated, suppresses the
occurrence of image unevenness (stripes) in B-mode images
along the transducer element array direction, which would
otherwise occur due to a change occurring in the number of
sub-frame acoustic line signals being overlaid per measure-
ment point, is suppressed. Thus, this structure achieves the
generation of ultrasound images without image unevenness.
[0220] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the motion amount
calculator may calculate the motion amount based on a plu-
rality of sub-frame acoustic line signals that have been gen-
erated in the past and are stored in a recording medium, and
the target area setter may provide the target area for one
transmission event with reduced width in the transducer ele-
ment array direction compared to the target area for a previous
transmission event when the motion amount is equal to or
greater than the predetermined threshold.

[0221] This structure, when a motion amount equal to or
greater than the predetermined threshold value is calculated
during the execution of a sequence of transmission events
from which a frame acoustic line signal is to be generated,
instantaneously reduces the size of the target area Bx. This
enhances the motion artifact suppression effect of suppress-
ing motion artifacts, such as image blurs and false images, in
an ultrasound image.

[0222] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the motion amount
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calculator may calculate the motion amount based on a dif-
ference between values of acoustic line signals corresponding
to a same measurement point that are included in the sub-
frame acoustic line signals stored in the recording medium.
[0223] This achieves, with a simple structure, detecting a
motion amount indicating the movement of image signals for
the subject between sub-frame acoustic line signals.

[0224] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, when the target
area setter provides the target area for the one transmission
event with reduced width in the transducer element array
direction compared to the target area for the previous trans-
mission event, in the generation of the frame acoustic line
signal, the synthesizer may set zero as a value of sub-frame
acoustic line signals for ones of the transmission events prior
to the one transmission event.

[0225] Further, in the ultrasound signal processing device
pertaining to one aspect of the present disclosure, the sub-
frame acoustic line signals, each of which corresponding to
one ofthe transmission events, may each include acoustic line
signals for measurement points that are included in the target
area for the corresponding transmission event, and the syn-
thesizer may generate the frame acoustic line signal by com-
bining the sub-frame acoustic signals based on positions of
measurement points from which the acoustic line signals
included in the sub-frame acoustic line signals are acquired.
[0226] These structures, even when the width of the target
area Bx in the transducer element array direction is reduced
due to a change in motion amount being detected during the
execution of a sequence of transmission events from which a
frame acoustic line signal is to be generated, suppress the
occurrence of image unevenness (stripes) in B-mode images
along the transducer element array direction, which would
otherwise occur due to a change occurring in the number of
sub-frame acoustic line signals being overlaid per measure-
ment point, is suppressed. Thus, these structures achieve the
generation of ultrasound images without image unevenness.
[0227] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the synthesizer
may generate the frame acoustic line signal by combining
acoustic line signals corresponding to a same measurement
point that are included in the sub-frame acoustic line signals.
[0228] This structure achieves the effect of performing, for
multiple transmission events, virtual transmission focusing
even for measurement points P that are located in depths other
than that of the transmission focal point F. This improves
spatial resolution and S/N ratio.

[0229] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the target area
setter may provide the target area with minimum width in the
transducer element array direction when the motion amount
is equal to or greater than the predetermined threshold.
[0230] This structure, when a motion amount equal to or
greater than the predetermined threshold value is calculated
during ultrasound examination, instantaneously reduces the
size of the target area Bx. This enhances the motion artifact
suppression effect of suppressing motion artifacts, such as
image blurs and false images, in an ultrasound image, and
contributes to an improvement in user convenience.

[0231] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the target area
setter may provide the target area for one transmission event
with increased width in the transducer element array direction
when the motion amount is smaller than the predetermined
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threshold, provided that the target area for a previous trans-
mission event does not have maximum width in the trans-
ducer element array direction.

[0232] Further, in the ultrasound signal processing device
pertaining to one aspect of the present disclosure, the target
area setter may provide the target area with maximum width
in the transmission array direction when the motion amount is
smaller than the predetermined threshold, provided that the
target area set for a previous transmission event has the maxi-
mum width in the transducer element array direction.

[0233] These structures suppress flickering in ultrasound
images, for preventing a rapid increase in the size of the target
area Bx.

[0234] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the target area
setter may set the target area so as to be linear in shape, to be
perpendicular to the transducer element array direction, and
to pass through a center position of the first group in the
transducer element array direction when the motion amount
is equal to or greater than the predetermined threshold.
[0235] This structure suppresses the occurrence of motion
artifacts such as image blurs and false images that result from
movement in ultrasound images and are characteristic to the
synthetic aperture method, which otherwise occur due to the
overlaying of sub-frame acoustic line signals.

[0236] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the greater the
motion amount may be, the smaller the number of acoustic
line signals corresponding to a same measurement point that
are included in the sub-frame acoustic line signals may be.
[0237] This structure suppresses the occurrence of motion
artifacts characteristic to the synthetic aperture method.
[0238] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the frame acoustic
line signal may be composed of a plurality of combined
acoustic line signals, each of the combined acoustic line
signals generated by combining ones of the acoustic line
signals corresponding to a same measurement point that are
included in the sub-frame acoustic line signals, and the ultra-
sound signal processing circuitry may further operate as an
amplifier that multiplies each of the combined acoustic line
signals by an amplification factor determined based on the
number of acoustic line signals having been combined to
yield the combined acoustic line signal.

[0239] Further, in the ultrasound signal processing device
pertaining to one aspect of the present disclosure, the target
area may have an hourglass shape, and a base of the target area
may be along a surface of the subject that comes in contact
with the first group, and different amplification factors may
be used for different depths in the subject.

[0240] Further, in the ultrasound signal processing device
pertaining to one aspect of the present disclosure, the greater
the width of the target area in the transducer element array
direction may be, the greater the difference between different
amplification factors used for different depths in the subject
may be.

[0241] This structure suppresses a difference between com-
bined acoustic line signals deriving from the difference in
overlap count depending upon the position in the depth direc-
tion, and thus, the values of the combined acoustic line signals
after the amplification are averaged out in the depth direction.
Further, this structure, due to the amplification being pet-
formed, reduces the prominence of image density boundaries
in the depth direction, even when the motion amount is great.
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[0242] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, for each of the
transmission events, the delay-and-sum processing may be
performed by using reception signal sequences acquired from
an array of transducer elements whose center position corre-
sponds to a center position of the first group for the transmis-
sion event.

[0243] Thus, a different reception aperture is used to per-
form delay-and-sum for each transmission event. Accord-
ingly, reception processing with respect to multiple transmis-
sion events can be performed by using a group of reception
apertures covering a vast measurement area and each differ-
ing in terms of time. Thus, uniform spatial resolution is
achieved over a vast measurement area.

[0244] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the delay-and-sum
processing for each measurement point may be performed by
using reception signal sequences acquired from an array of
transducer elements whose center position corresponds to
one of the plurality of transducer elements that is spatially
closest to the measurement point.

[0245] This structure achieves using the same reception
aperture for a given measurement point (i.e., the same recep-
tion aperture is used for the same measurement point) irre-
spective of transmission events, which involve shifting the
transmission focal point F in the transducer array direction.
Thus, delay-and-sum processing for the same measurement
point P is always performed by using the same reception
aperture. Accordingly, this structure achieves both high local
spatial resolution and high S/N ratio.

[0246] In the ultrasound signal processing device pertain-
ing to one aspect of the present disclosure, the ultrasound
signal processing circuitry may further operates as a weight
calculator that calculates a weight sequence to be applied to
an array of transducer elements from which the reception
signal sequences with respect to which the delay-and-sum
calculator performs the delay-and-sum processing are
acquired, the weight sequence including the greatest weight
for a transducer element located at a center position of the
array of transducer elements, and in the delay-and-sum pro-
cessing for each measurement point, the delay-and-sum cal-
culator, for each transducer element in the array of transducer
elements, may specify a reception signal value corresponding
to the measurement point and multiply the specified reception
signal value by a corresponding weight included in the weight
sequence.

[0247] This structure achieves setting a weight sequence so
that that the closer a reception transducer is to the center of the
reception aperture, the greater the weight applied to the recep-
tion transducer. Thus, this structure improves the sensitivity
in receiving reflected ultrasound.

[0248] Oneaspect of the present disclosureis an ultrasound
diagnostic device including the ultrasound signal processing
device pertaining to one aspect of the present disclosure, and
in the ultrasound diagnostic device, the ultrasound signal
processing device is configured so that the ultrasound probe is
connectable thereto.

[0249] This structure achieves an ultrasound diagnostic
device capable of generating high quality ultrasound images
with high resolution, with low noise, and with reduced motion
artifacts.

[0250] In another aspect of the present disclosure, the
delay-and-sum calculator may generate an acoustic line sig-
nal for a measurement point based on a total propagation time
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being an amount of time required for transmitted ultrasound
to arrive at a reception transducer after being reflected at the
measurement point.

[0251] This structure achieves a delay-and-sum calculator
with a simple structure.

<<Supplement>>

[0252] Each of theembodiments described above should be
construed as being a preferable and specific example of
implementation of the technology pertaining to the present
disclosure. As such, any value, any shape, any material, any
constituent element, any position of any constituent element,
any connection of any constituent element, any step, and any
order in which any step is performed shall be construed as
being a non-limiting example. Further, among the constituent
elements described in the embodiments, any constituent ele-
ment not recited in the independent claims, which represent
the broadest concept of the present disclosure, shall be con-
strued as a constituent element not necessarily essential but
included in a preferable form of implementation of the tech-
nology pertaining to the present disclosure.

[0253] Further, in order to facilitate understanding, con-
stituent elements described in the embodiments may be illus-
trated in drawings at a scale differing from their actual sizes.
Further, the technology pertaining to the present disclosure
shall not be construed as being limited to the embodiments,
and instead, shall be construed as encompassing any modifi-
cation that does not depart from the spirit and the scope of the
present disclosure.

[0254] Further, the embodiments and modifications do not
provide description of circuit parts and lead wires disposed on
substrates in ultrasound diagnostic devices. This is since vari-
ous forms of electric wiring and electric circuitry are imple-
mentable based on knowledge possessed by a skilled artisan
in the present field of technology, and are not directly essen-
tial in describing the technology pertaining to the present
disclosure. Further, all drawings referred to in the above are
schematic drawings and may not be accurate in a strict sense.
[0255] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be con-
strued as being included therein.

What is claimed is:

1. An ultrasound signal processing device

(1) performing a sequence of transmission events each
involving selecting a first group of transducer elements
from among a plurality of transducer elements of an
ultrasound probe that are arranged in at least one line
along a transducer element array direction, and causing
each transducer element in the first group to transmit
ultrasound towards a subject;

(ii) for each of the transmission events, generating a sub-
frame acoustic line signal based on ultrasound reflection
received from the subject in response to the transmission
event, to yield a plurality of sub-frame acoustic line
signals each corresponding to a different one of the
transmission events; and

(iii) generating a frame acoustic line signal for the
sequence based on the sub-frame acoustic line signals
for the transmission events,
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the ultrasound signal processing device comprising ultra-
sound signal processing circuitry that operates as:

a transmitter that, in each of the transmission events,
selects the first group and causes each transducer ele-
ment in the first group to transmit ultrasound towards the
subject, the transmitter selecting the first group such that
the first group shifts in the transducer element array
direction from one transmission event to another;

areceiver that, for each of the transmission events, selects
a second group of transducer elements from among the
plurality of transducer elements of the ultrasound probe,
and generates a reception signal sequence for each trans-
ducer element in the second group based on ultrasound
reflection received by the transducer element;

atarget area setter that, for each of the transmission events,
sets a target area being a virtual signal area for generat-
ing the sub-frame acoustic line signal for the transmis-
sion event;

a delay-and-sum calculator that, for each of the transmis-
sion events, generates the sub-frame acoustic line signal
by performing, for each measurement point that is
included in the target area for the transmission event,
delay-and-sum processing with respect to one or more
reception signal sequences generated based on ultra-
sound reflection received from the measurement point;
and

a synthesizer generating the frame acoustic line signal for
the sequence based on the sub-frame acoustic line sig-
nals for the transmission events, wherein

the ultrasound signal processing circuitry further operates
as

a motion amount calculator that calculates, based on
reflected ultrasound, a motion amount indicating move-
ment between image signals for the subject, and

the number of sub-frame acoustic line signals that the
synthesizer uses to generate a frame acoustic line signal
decreases when the motion amount is equal to or greater
than a predetermined threshold.

2. The ultrasound image processing device of claim 1,

wherein

the target area setter provides the target area with reduced
width in the transducer element array direction when the
motion amount is equal to or greater than the predeter-
mined threshold.

3. The ultrasound image processing device of claim 1,

wherein

the sub-frame acoustic line signals, each of which corre-
sponding to one of the transmission events, each include
acoustic line signals for measurement points that are
included in the target area for the corresponding trans-
mission event, and

the synthesizer generates the frame acoustic line signal by
combining the sub-frame acoustic signals based on posi-
tions of measurement points from which the acoustic
line signals included in the sub-frame acoustic line sig-
nals are acquired.

4. The ultrasound signal processing device of claim 1,

wherein

the motion amount calculator calculates the motion
amount based on a plurality of frame acoustic line sig-
nals thathave been generated in the past and are stored in
a recording medium,

5. The ultrasound signal processing device of claim 4,

wherein
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the motion amount calculator calculates the motion
amount based on a difference between values ofacoustic
line signals corresponding to a same measurement point
thatare included in the frame acoustic line signals stored
in the recording medium.
6. The ultrasound signal processing device of claim 4,
wherein
the sub-frame acoustic line signals, from which the frame
acoustic line signal is generated, are generated based on
the same target area.
7. The ultrasound signal processing device of claim 1,
wherein
the motion amount calculator calculates the motion
amount based on a plurality of sub-frame acoustic line
signals that have been generated in the past and are
stored in a recording medium, and
the target area setter provides the target area for one trans-
mission event with reduced width in the transducer ele-
ment array direction compared to the target area for a
previous transmission event when the motion amount is
equal to or greater than the predetermined threshold.
8. The ultrasound signal processing device of claim 7,
wherein
the motion amount calculator calculates the motion
amount based on a difference between values ofacoustic
line signals corresponding to a same measurement point
that are included in the sub-frame acoustic line signals
stored in the recording medium.
9. The ultrasound signal processing device of claim 7,
wherein
when the target area setter provides the target area for the
one transmission event with reduced width in the trans-
ducer element array direction compared to the target
area for the previous transmission event,
in the generation of the frame acoustic line signal, the
synthesizer sets zero as a value of sub-frame acoustic
line signals for ones of the transmission events prior to
the one transmission event.
10. The ultrasound signal processing device of claim 9,
wherein
the sub-frame acoustic line signals, each of which corre-
sponding to one of the transmission events, each include
acoustic line signals for measurement points that are
included in the target area for the corresponding trans-
mission event, and
the synthesizer generates the frame acoustic line signal by
combining the sub-frame acoustic signals based on posi-
tions of measurement points from which the acoustic
line signals included in the sub-frame acoustic line sig-
nals are acquired.
11. The ultrasound signal processing device of claim 3,
wherein
the synthesizer generates the frame acoustic line signal by
combining acoustic line signals corresponding to a same
measurement point that are included in the sub-frame
acoustic line signals.
12. The ultrasound signal processing device of claim 1,
wherein
the target area setter provides the target area with minintum
width in the transducer element array direction when the
motion amount is equal to or greater than the predeter-
mined threshold.
13. The ultrasound signal processing device of claim 1,
wherein
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the target area setter provides the target area for one trans-
mission event with increased width in the transducer
element array direction when the motion amount is
smaller than the predetermined threshold, provided that
the target area for a previous transmission event does not
have maximum width in the transducer element array
direction.
14. The ultrasound signal processing device of claim 1,
wherein
the target area setter provides the target area with maxi-
mum width in the transmission array direction when the
motion amount is smaller than the predetermined thresh-
old, provided that the target area set for a previous trans-
mission event has the maximum width in the transducer
element array direction.
15. The ultrasound signal processing device of claim 1,
wherein
the target area setter sets the target area so as to be linear in
shape, to be perpendicular to the transducer element
array direction, and to pass through a center position of
the first group in the transducer element array direction
when the motion amount is equal to or greater than the
predetermined threshold.
16. The ultrasound signal processing device of claim 1,
wherein
the greater the motion amount, the smaller the number of
acoustic line signals corresponding to a same measure-
ment point that are included in the sub-frame acoustic
line signals.
17. The ultrasound signal processing device of claim 3,
wherein
the frame acoustic line signal is composed of a plurality of
combined acoustic line signals, each of the combined
acoustic line signals generated by combining ones of the
acoustic line signals corresponding to a same measure-
ment point that are included in the sub-frame acoustic
line signals, and
the ultrasound signal processing circuitry further operates
as
an amplifier that multiplies each of the combined acoustic
line signals by an amplification factor determined based
on the number of acoustic line signals having been com-
bined to yield the combined acoustic line signal.
18. The ultrasound signal processing device of claim 17,
wherein
the target area has an hourglass shape, and a base of the
target area is along a surface of the subject that comes in
contact with the first group, and
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different amplification factors are used for different depths
in the subject.
19. The ultrasound signal processing device of claim 17,
wherein
the greater the width of the target area in the transducer
element array direction, the greater the difference
between different amplification factors used for differ-
ent depths in the subject.
20. The ultrasound signal processing device of claim 1,
wherein
for each of the transmission events, the delay-and-sum
processing is performed by using reception signal
sequences acquired from an array of transducer ele-
ments whose center position corresponds to a center
position of the first group for the transmission event.
21. The ultrasound signal processing device of claim 1,
wherein
the delay-and-sum processing for each measurement point
is performed by using reception signal sequences
acquired from an array of transducer elements whose
center position corresponds to one of the plurality of
transducer elements that is spatially closest to the mea-
surement point.
22. The ultrasound signal processing device of claim 1,
wherein
the ultrasound signal processing circuitry further operates
as
a weight calculator that calculates a weight sequence to be
applied to an array of transducer elements from which
the reception signal sequences with respect to which the
delay-and-sum calculator performs the delay-and-sum
processing are acquired, the weight sequence including
the greatest weight for a transducer element located at a
center position of the array of transducer elements, and
in the delay-and-sum processing for each measurement
point, the delay-and-sum calculator, for each transducer
element in the array of transducer elements, specifies a
reception signal value corresponding to the measure-
ment point and multiplies the specified reception signal
value by a corresponding weight included in the weight
sequence.
23. An ultrasound diagnostic device comprising
the ultrasound signal processing device of claim 1, wherein

the ultrasound signal processing device is configured so
that the ultrasound probe is connectable thereto.
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