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(57) ABSTRACT

An ultrasound signal processing device including: a trans-
mitter performing transmission events while varying ultra-
sound beam travel direction; a reception processor generat-
ing an acoustic line signal for each transmission event that
is performed by generating reception signal sequences and
performing delay-and-summing; a combiner generating an
intermediate combined acoustic line signal by combining
acoustic line signals corresponding to the first to latest
transmission events performed for a current frame; an evalu-
ator judging whether a subsequent transmission event is to
be performed for the current frame by calculating an evalu-
ation value from an energy value of the intermediate com-
bined acoustic line signal and judging whether the evalua-
tion value satisfies a predetermined condition; and an
outputter outputting the intermediate combined acoustic line

A61B 8/08 (2006.01) signal as a combined acoustic line signal once the evaluator
A6IB 8/00 (2006.01) judges that a subsequent transmission event is not to be
AG6IB 8/14 (2006.01) performed for the current frame.
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ULTRASOUND SIGNAL PROCESSING

DEVICE, ULTRASOUND DIAGNOSTIC

DEVICE, AND ULTRASOUND SIGNAL
PROCESSING METHOD

[0001] This application is based on an application No.
2016-120167 filed on Jun. 16, 2016 in Japan, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0002] The present disclosure relates to an ultrasound
signal processing device, an ultrasound diagnostic device
including the ultrasound signal processing device, and an
ultrasound signal processing method for the ultrasound
signal processing device.

(2) Description of the Related Art

[0003] There are two techniques for examining a subject
using ultrasound. One is a technique using transmission
beams whose wavefronts have shapes forming a focal point
at one point or region of the subject (referred to as “focused
ultrasound beams” in the following). The other is a tech-
nique using transmission beams whose wavefronts do not
have shapes forming a focal point (referred to as “unfocused
ultrasound beams” in the following).

[0004] One known examination technique deploying
focused ultrasound beams is focus imaging (FI). Focus
imaging achieves high spatial resolution around the focal
point. Meanwhile, it is difficult to achieve high temporal
resolution (frame rate) with focus imaging. This is because
in focus imaging, spatial resolution is dependent upon
distance from the focal point, and thus, an acoustic line
signal covering only a small spatial range is produced
through single transmission/reception of ultrasound (re-
ferred to as a “transmission event” in the following).
Accordingly, focus imaging requires a large number of
transmission events to generate a single ultrasound image.
[0005] Meanwhile, examination techniques deploying
unfocused ultrasound beams include those deploying plane
waves, those deploying diffused waves, and those deploying
non-spherical waves. One known examination technique
deploying unfocused ultrasound beams is plane wave imag-
ing (PWI). In PWI, an acoustic line signal covering a large
spatial range can be produced through a single transmission
event due to the use of an unfocused ultrasound beam.
Accordingly, PWI achieves high temporal resolution. Mean-
while, it is difficult to achieve high spatial resolution with
PWI because unfocused ultrasound beams have lower spa-
tial density compared to the focused ultrasound beams used
in focus imaging. In view of this, a method referred to as the
PWI synthetic aperture method is used to improve spatial
resolution, as disclosed for example in Japanese Patent
Publication No. 4114838.

[0006] Inthe PWIsynthetic aperture method, transmission
beam forming is performed to generate unfocused ultra-
sound beams with different travel directions. Further, a
transmission event is performed for each unfocused ultra-
sound beam travel direction, and for each transmission
event, an acoustic line signal is acquired by performing
reception beam forming on receive signals acquired based
on ultrasound reflection. Further, a combined acoustic line
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signal is generated by combining acoustic line signals cor-
responding to different unfocused ultrasound beam travel
directions.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] With the PWI synthetic aperture method, the larger
the number of acoustic line signals combined to generate a
combined acoustic line signal (i.e., the larger the number of
transmission events performed), typically the higher the
spatial resolution of the combined acoustic line signal. This
means that a large number of transmission events need to be
performed to generate one ultrasound image. Thus, it is
conventionally difficult to achieve high temporal resolution
with the PWI synthetic aperture method.

[0008] The present invention has been made in view of
such technical problems, and an aim thereof is to provide an
ultrasound signal processing device and an ultrasound diag-
nostic device including the ultrasound signal processing
device that adaptively achieve both high spatial resolution
and high temporal resolution in a synthetic aperture method
using unfocused ultrasound beams.

Means for Solving the Problems

[0009] One aspect of the present invention is an ultrasound
signal processing device that performs multiple transmission
events of transmitting non-focused ultrasound beams to a
subject by using an ultrasound probe having multiple trans-
ducers, that performs, for each of the transmission events,
reception of ultrasound reflection from the subject and
generation of an acoustic line signal based on the ultrasound
reflection, and that combines acoustic line signals for the
respective transmission events to generate a combined
acoustic line signal, the ultrasound signal processing device
including ultrasound signal processing circuitry configured
to operate as: a transmitter that varies ultrasound beam travel
direction between transmission events and performs each
transmission event by causing the ultrasound probe to trans-
mit an ultrasound beam traveling to an inside of the subject;
a reception processor that generates an acoustic line signal
for each transmission event that is performed by generating
reception signal sequences for transducers based on ultra-
sound reflection that the ultrasound probe receives from a
target region inside the subject and performing delay-and-
summing using the reception signal sequences; a combiner
that generates an intermediate combined acoustic line signal
by combining, based on measurement points in the target
region, acoustic line signals corresponding to the first to
latest transmission events performed for a current combined
acoustic line signal; an evaluator that judges whether a
subsequent transmission event is to be performed for the
current combined acoustic line signal by calculating an
evaluation value from an energy value of the intermediate
combined acoustic line signal and judging whether the
evaluation value satisfies a predetermined condition; and an
outputter that outputs the intermediate combined acoustic
line signal as the current combined acoustic line signal once
the evaluator judges that a subsequent transmission event is
not to be performed for the current combined acoustic line
signal.
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Advantageous Effect of the Invention

[0010] The ultrasound signal processing device pertaining
to one aspect of the present invention, as well as an
ultrasound diagnostic device including the ultrasound signal
processing device, adaptively change the nuniber of trans-
mission events performed based on a relation between the
number of acoustic line signals that are combined to gen-
erate a combined acoustic line signal and the quality of the
combined acoustic line signal. As such, the ultrasound signal
processing device pertaining to one aspect of the present
invention and the ultrasound diagnostic device including the
ultrasound signal processing device achieve both high spa-
tial resolution and high temporal resolution by suppressing
the number of transmission events performed to as small as
possible while keeping spatial resolution at a certain level or
higher.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and the other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings, which illustrate specific embodi-
ment(s) of the invention.

[0012] In the drawings:

[0013] FIG. 1 is a functional block diagram illustrating an
ultrasound diagnostic system 1000 pertaining to embodi-
ment 1;

[0014] FIG. 2 is a functional block diagram illustrating an
ultrasound signal processing device 110 pertaining to
embodiment 1;

[0015] FIG. 3 is a flowchart illustrating operations of an
ultrasound diagnostic device 100 pertaining to embodiment
L;

[0016] FIG. 4 is a flowchart illustrating operations of an
evaluator 155 pertaining to embodiment 1;

[0017] FIGS. 5A through 5C are each a schematic illus-
trating a relation between evaluation value and transmission
count;

[0018] FIG. 6 is a schematic illustrating a relation between
ultrasound beam travel direction and blank region;

[0019] FIG. 7 is a flowchart illustrating operations of an
evaluator pertaining to modification 1;

[0020] FIG. 8 is a flowchart illustrating operations of an
evaluator pertaining to modification 2;

[0021] FIG.9 is a functional block diagram illustrating an
ultrasound signal processing device 210 pertaining to
embodiment 2;

[0022] FIG. 10 is a flowchart illustrating operations of an
ultrasound diagnostic device pertaining to embodiment 2;
[0023] FIG. 11 is a flowchart illustrating a fixed transmis-
sion count determination operation pertaining to embodi-
ment 2;

[0024] FIG. 12 is a flowchart illustrating an image acqui-
sition operation pertaining to embodiment 2;

[0025] FIG. 13 is a flowchart illustrating operations of an
ultrasound diagnostic device pertaining to modification 3;
[0026] FIGS. 14A through 14F are each a timing chart
illustrating a relation between frame rate and operations; and
[0027] FIG. 15 is a schematic illustrating a relation
between combined acoustic line signal pulse width and the
number of transmission events.
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DESCRIPTION OF EMBODIMENTS

<Process Leading to Embodiments of Invention>

[0028] The inventor conducted various observations in
order to achieve both high spatial resolution and high
temporal resolution in an ultrasound signal processing
device and an ultrasound diagnostic device deploying a
synthetic aperture method.

[0029] In the PWI synthetic aperture method, multiple
plane waves with different travel directions are transmitted,
acoustic line signals are generated based on ultrasound
reflection, one for each plane wave, and the acoustic line
signals so generated are combined to generate a combined
acoustic line signal. This achieves the two effects described
in the following. First, the combined acoustic line signal has
higher spatial resolution than the individual acoustic line
signals. Specifically, the acoustic line signals that are com-
bined each correspond to a different ultrasound travel direc-
tion, and thus have different orientations from one another in
terms of both directional resolution and distance resolution.
Accordingly, the combined acoustic line signal, generated
by combining these acoustic line signals, has higher spatial
resolution in two dimensions than the original acoustic line
signals. Secondly, the combined acoustic line signal main-
tains high spatial resolution even if there is anisotropy inside
the measurement-target subject. Specifically, when the mea-
surement-target subject includes a structure that strongly
reflects ultrasound, individual acoustic line signals unfortu-
nately tend to have low quality due to low intensity of
ultrasound reflection. This is because plane waves are not
capable of sufficiently reaching a region that is shaded by the
structure, or more specifically, a region near the subject and
located in the ultrasound travel direction from the structure.
However, when transmitting multiple plane waves with
different travel directions and generating an acoustic line
signal for each plane wave based on ultrasound reflection,
the region that is shaded by the structure would differ
between the acoustic line signals. Specifically, a region that
is shaded from a plane wave for one acoustic line signal by
the structure receives a plane wave for a different acoustic
line signal without being shaded by the structure. Accord-
ingly, the combined acoustic line signal generated by com-
bining these acoustic line signals maintains high spatial
resolution even if there is anisotropy inside the measure-
ment-target subject.

[0030] Meanwhile, it is not necessarily preferable to per-
form a large number of transmission events to generate a
single ultrasound image, as disclosed in Japanese Patent
Application Publication No. 2006-51355. This is for the
following reasons. The first reason is that performing a large
number of transmission events results in a long amount of
time being required for generating a single ultrasound
image, and thus, results in difficulty in achieving high
temporal resolution (frame rate). This may further lead to
deterioration of real-time performance of an ultrasound
diagnostic device. Further, performing a large number of
transmission events may even result in a decrease in spatial
resolution, particularly when an ultrasound probe, a tissue
inside the subject, etc., moves. Specifically, when an ultra-
sound probe, a tissue, etc., moves while the acoustic line
signals to be combined to generate the combined acoustic
line signal are being acquired, an imaging-target object may
have different states in the acoustic line signals. The second
reason is that spatial resolution does not necessarily increase
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in proportion to the increase in the number of transmission
events performed. Instead, the contribution that a single
acoustic line signal makes in improving combined acoustic
line signal spatial resolution is substantially inversely-pro-
portional to the number of acoustic line signals that are
combined to generate the combined acoustic line signal.
This means that in order to continue increasing combined
acoustic line signal spatial resolution at the same rate, the
number of acoustic line signals that need to be combined
increases exponentially. That is, the degree of improvement
in spatial resolution would become smaller as the total
number of acoustic line signals used to generate the com-
bined acoustic line signal increases, even when increasing
the number of acoustic line signals that are combined at a
same rate. F1G. 15 illustrates a relation between the number
of transmission events and the spatial resolution of the
combined acoustic line signal (half width (full width at half
maximum, or half width at half maximum) of combined
acoustic line signal pulse). FIG. 15 illustrates that combined
acoustic line signal spatial resolution is greatest (half width
becomes smallest) when the number of transmission events
performed is around six to eight, and spatial resolution rather
decreases without increasing when increasing the number of
transmission events beyond this range. This situation is
considered to occur for the following reason. Once the
number of acoustic line signals combined exceeds five or a
similar value, improvement in spatial resolution can no
longer be expected even if the number of acoustic line
signals combined is further increased. Instead, a decrease in
spatial resolution can be expected because movement of an
ultrasound probe, etc., would occur when the amount of time
spent for ultrasound transmission/reception increases.
[0031] In view of such technical problems, the inventor
considered a technique of reducing the number of transmis-
sion events performed for generating a combined acoustic
line signal within a range ensuring that the combined
acoustic line signal has sufficient spatial resolution, and
thereby arrived at the ultrasound signal processing devices,
the ultrasound diagnostic devices, and the ultrasound signal
processing methods pertaining to the embodiments.

[0032] The following provides detailed description of the
ultrasound signal processing devices, the ultrasound diag-
nostic devices, and the ultrasound signal processing methods
pertaining to the embodiments, with reference to the accom-
panying drawings.

Embodiment 1

<Overall Structure>

[0033] The following describes an ultrasound diagnostic
device 100 pertaining to embodiment 1, with reference to the
accompanying drawings.

[0034] FIG.1 is a functional block diagram illustrating an
ultrasound diagnostic system 1000 pertaining to embodi-
ment 1. As illustrated in FIG. 1, the ultrasound diagnostic
system 1000 includes an ultrasound probe 101 and a display
103, in addition to, the ultrasound diagnostic device 100.
The ultrasound probe 101 has transducers 101q that transmit
ultrasound towards a measurement-target subject and
receive ultrasound reflection from the measurement-target
subject. The ultrasound diagnostic device 100 causes the
ultrasound probe 101 to transmit and receive ultrasound and
generates an ultrasound image based on output signals from
the ultrasound probe 101. The display 103 displays the
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ultrasound image on a screen. The ultrasound probe 101 and
the display 103 are each configured to be connectable to the
ultrasound diagnostic device 100, and FIG. 1 illustrates the
ultrasound diagnostic device 100 with the ultrasound probe
101 and the display 103 connected thereto. Alternatively, the
ultrasound probe 101 and the display 103 may be included
in the ultrasound diagnostic device 100.

<Structure of Ultrasound Diagnostic Device 100>

[0035] The ultrasound diagnostic device 100 includes a
switcher 140, an ultrasound transmitter 130, an ultrasound
receiver 150, and a controller 120. The switcher 140 selects
transducers 101a to be used for transmission (referred to in
the following as transmit transducers 101a) and transducers
101a to be used for reception (referred to in the following as
receive transducers 101a), from among the transducers 101a
of the ultrasound probe 101, and secures input to and output
from the selected transducers 101a. The ultrasound trans-
mitter 130 generates element drive signals for the transmit
transducers 101 to achieve ultrasound transmission. Mean-
while, the ultrasound receiver 150 performs reception pro-
cessing by using ultrasound reflection received by the ultra-
sound probe 101. The controller 120 includes a transmission
angle sequence holder 121, and controls the ultrasound
transmitter 130 and the ultrasound receiver 150. The ultra-
sound diagnostic device 100 further includes an image
processor 160 and a display controller 170. The image
processor 160 generates a tomographic image (a B-mode
image) based on a combined acoustic line signal generated
by the ultrasound receiver 150. The display controller 170
causes the display 103 to display the tomographic image
generated by the image processor 160.

[0036] Among such constituent elements, the switcher
140, the ultrasound transmitter 130, the ultrasound receiver
150, and the controller 120 form an ultrasound signal
processing device 110, which constitutes ultrasound signal
processing circuitry.

[0037] The constituent elements of the ultrasound diag-
nostic device 100, for example the switcher 140, the ultra-
sound transmitter 130, the ultrasound receiver 150, the
controller 120, the image processor 160, and the display
controller 170, are each implemented by using a hardware
circuit such as a field programmable gate array (FPGA) or
an application specific integrated circuit (ASIC).

[0038] The ultrasound diagnostic device 100 pertaining to
the present embodiment is not limited to having the structure
illustrated in FIG. 1. For example, the ultrasound diagnostic
device 100 may not include the switcher 140, in which case
the ultrasound transmitter 130 and the ultrasound receiver
150 may be directly connected to transducers 101a. Further,
the ultrasound probe 101 may include, as built-in compo-
nents, the ultrasound transmitter 130 and the ultrasound
receiver 150, or may include some of the components
included in the ultrasound transmitter 130 and the ultrasound
receiver 150. The above not only applies to the ultrasound
diagnostic device 100 pertaining to the present embodiment,
but also similarly applies to ultrasound diagnostic devices
pertaining to the rest of the embodiments and modifications
that are described later in the present disclosure.

<Ultrasound Signal Processing Device 110>

[0039] FIG. 2 is a detailed functional block diagram of the
ultrasound signal processing device 110 pertaining to
embodiment 1.
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1. Ultrasound Transmitter 130

[0040] The switcher 140 connects the ultrasound trans-
mitter 130 to the ultrasound probe 101. The ultrasound
transmitter 130 controls timings when high voltages causing
ultrasound transmission from the ultrasound probe 101 are
applied to the transmit transducers 101a. The ultrasound
transmitter 130 includes a pulse generator 131, a delay
profile generator 132, and a transmission beam former 133.

[0041] The pulse generator 131, based on a transmission
control signal from the controller 120, performs transmis-
sion processing of supplying a pulsed transmission signal for
causing the transmit transducers 101a to transmit an ultra-
sound beam. That is, the pulse generator 131 is a pulse
generation circuit for generating a pulsed signal for driving
the transmit transducers 101a.

[0042] The delay profile generator 132 acquires a trans-
mission angle sequence from the transmission angle
sequence holder 121, and generates a delay profile defining
delay amounts for the transmit transducers 101a. The delay
profile is generated so that an ultrasound beam transmitted
from the ultrasound probe 101 travels in a transmission
angle defined in the transmission angle sequence. Specifi-
cally, the delay profile generator 132 first acquires the
transmission angle sequence from the transmission angle
sequence holder 121. Here, the transmission angle sequence
is data of a numerical sequence including transmission
angles arranged in the order they are to be used. Each
transmission angle indicates an angle of an ultrasound beam
travel direction relative to a normal direction of a direction
in which the transducers 101a form a line (referred to in the
following as an element line direction). For example, the
transmission angle sequence may be {0, -0.2, +0.2, -0.4,
+0.4, ... }. Here, supposing that the transducers 101a form
a line along a left-right direction, a positive or negative sign
provided to a transmission angle indicates whether the
corresponding ultrasound beam travel direction is inclined to
the right or to the left. Further, a difference between two
transmission angles corresponds to an angle between two
ultrasound beam travel directions indicated by the respective
transmission angles. For example, when supposing that 0°
indicates a top-to-bottom direction, that a positive sign
indicates inclination to the right, and that a negative sign
indicates inclination to the left, an ultrasound beam with a
-20° transmission angle travels towards the bottom left, and
an ultrasound beam with a +20° transmission angle travels
towards the bottom right. The delay profile generator 132
extracts the transmission angles in the transmission angle
sequence one by one, and based on each transmission angle,
generates a delay profile defining delay amounts for the
transmit transducers 101a.

[0043] The transmission beam former 133 generates ele-
ment drive signals for driving the respective transmit trans-
ducers 101a based on the transmission signal generated by
the pulse generator 131 and the delay profile generated by
the delay profile generator 132. Specifically, the transmis-
sion beam former 133 includes, for example, a clock gen-
eration circuit and a delay circuit. The clock generation
circuit generates a clock signal that determines a transmis-
sion timing of an ultrasound beam. The transmission beam
former 133 generates element drive signals for the respec-
tive transmit transducers 101a by using the delay circuit and
delaying the transmission signal in accordance with the
delay profile. Accordingly, the ultrasound probe 101 emits
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an ultrasound beam whose travel direction is in accordance
with a transmission angle included in the transmission angle
sequence.

2. Structure of Ultrasound Receiver 150

[0044] The ultrasound receiver 150 generates an acoustic
line signal from electric signals that are acquired by receive
transducers 101a based on ultrasound reflection received by
the ultrasound probe 101. In the present disclosure, an
acoustic line signal is a signal including delay-and-summed
signals for measurement points in a target region. The
ultrasound receiver 150 includes an A/D converter 151, a
reception beam former 152, a combiner 153, an acoustic line
signal holder 154, an evaluator 155, and an outputter 156.
[0045] The following describes the structures of the con-
stituent elements of the ultrasound receiver 150.

(1) A/D Converter 151

[0046] The switcher 140 connects the A/D converter 151
to the ultrasound probe 101. For each transmission event, the
A/D converter 151 generates element receive signals (radio-
frequency (RF) signals). The element receive signals are
acquired by amplifying electric signals acquired through
reception of ultrasound reflection by the ultrasound probe
101, and then performing analog-to-digital (A/D) conver-
sion. The A/D converter 151 performs the generation of
element receive signals and the outputting of the receive
signals to the reception beam former 151 for multiple
transmission events one after another.

[0047] Here, an element receive signal (an RF signal) is a
digital signal acquired by amplifying an electric signal
converted from ultrasound reflection received by a receive
transducer 101a and then performing A/D conversion. An
element receive signal for a receive transducer 101a is a
sequence of signal components along an ultrasound trans-
mission direction (subject depth direction) received by the
receive transducer 101a.

(2) Reception Beam Former 152

[0048] The reception beam former 152 is a circuit that
generates an acoustic line signal for each transmission event.
Specifically, the reception beam former 152, for each mea-
surement point P, in the target region, performs delay-and-
summing of element receive signals received by the receive
transducers from the measurement point P,. Further, the
reception beam former 152 combines the delayed-and-
summed signals for the measurement points P, to generate
an acoustic line signal. In the present disclosure, the target
region is a region in which the measurement points P, exist,
and is set by the controller 120. For example, the target
region is a rectangular region defined based on the width of
the ultrasound probe 101 and a predetermined depth.

(3) Combiner 153

[0049] The combiner 153 performs combining of acoustic
line signals. The number of acoustic line signals that the
combiner 153 uses in the combining equals the number of
transmission events having been performed. Specifically, the
combiner 153 acquires an acoustic line signal from the
reception beam former 152, and then combines the acoustic
line signal with an intermediate combined acoustic line
signal stored in the acoustic line signal holder 154. The
intermediate combined acoustic line signal stored in the



US 2017/0360409 A1

acoustic line signal holder 154 is a signal that the combiner
153 has previously generated by performing the combining.
More specifically, the combiner 153 first reads out an
intermediate combined acoustic line signal and a combina-
tion count C from the acoustic line signal holder 154. The
combination count C indicates the number of acoustic line
signals from which the intermediate combined acoustic line
signal stored in the acoustic line signal holder 154 has been
generated. Subsequently, the combiner 153, for each mea-
surement point P, multiples value VS, for the measure-
ment point P, in the acquired intermediate combined acous-
tic line signal and the combination count C, and then adds
value V, for the measurement point P, in the acoustic line
signal acquired from the reception beam former 152. Finally,
the combiner 153 divides the calculated value (CxVS ,+V )
for each measurement point P, by (C+1) to generate a new
intermediate combined acoustic line signal, and increments
the combination count C (C=C+1). Note that when the
combination count C acquired from the acoustic line signal
holder 154 is zero, the combiner 153 may increment the
combination count C to one and store the acoustic line signal
acquired from the reception beam former 152 as-is as a new
intermediate combined acoustic line signal to the acoustic
line signal holder 154. Through this combining, a new
intermediate combined acoustic line signal is generated that
includes, for each measurement point Py, an average of
values for the measurement point P, in one or more acoustic
line signals from an acoustic line signal corresponding to the
initial transmission event to the acoustic line signal corre-
sponding to the latest transmission event. Note that a modi-
fication may be made such that the combiner 153 stores both
an intermediate combined acoustic line signal and acoustic
line signals to the acoustic line signal holder 154, and
generates a new intermediate combined acoustic line signal
by reading out all acoustic line signals already stored to the
acoustic line signal holder 154 and by combining these
acoustic line signals, instead of reading an intermediate
combined acoustic line signal and the combination count C
from the acoustic line signal holder 154. Further, the com-
biner 153 stores the new intermediate combined acoustic
line signal that it has generated and the incremented com-
bination count C to the acoustic line signal holder 154.

(4) Acoustic Line Signal Holder 154

[0050] The acoustic line signal holder 154 is a storage
medium that stores the combination count C and an inter-
mediate combined acoustic line signal that the combiner 153
has generated by combining one or more acoustic line
signals from the acoustic line signal corresponding to the
initial transmission event to the acoustic line signal corre-
sponding to the latest transmission event. In addition, the
acoustic line signal holder 154 stores energy values. For
example, the acoustic line signal holder 154 is implemented
by using a hard disk, an optical disc, or a semiconductor
storage device such as a flash memory.

(5) Evaluator 155

[0051] The evaluator 155 judges whether the intermediate
combined acoustic line signal stored in the acoustic line
signal holder 154 satisfies a predetermined condition. Spe-
cifically, the evaluator 155 calculates an evaluation value
based on the intermediate combined acoustic line signal, and
judges whether the evaluation value is lower than a thresh-
old value.
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[0052] The evaluation value is calculated based on an
energy value E of the intermediate combined acoustic line
signal stored in the acoustic line signal holder 154. The
following describes how the energy value E is calculated,
and then how the evaluation value is calculated.

[0053] First, the evaluator 155 acquires the intermediate
combined acoustic line signal stored in the acoustic line
signal holder 154. Then, the evaluator 155 sets a region of
interest (ROI) from which the energy value E, is to be
calculated. Here, description is provided supposing that the
entire target region is the ROI. Subsequently, the evaluator
155 calculates, for each measurement point P, in the RO,
an amplitude value A, of the intermediate combined acous-
tic line signal at the measurement point P, Further, the
evaluator 155 sets a sum of absolute values of amplitude
values A, for all measurement points P, as the energy value
E,. The evaluator 155 stores the energy value E so calculated
to the acoustic line signal holder 154. Note that instead of
using absolute values of amplitude values A, of the inter-
mediate combined acoustic line signal, the evaluator 155
may for example use squares of amplitude valves A, of the
intermediate combined acoustic line signal.

[0054] The following describes how the evaluator 155
calculates the evaluation value. The evaluator 155 acquires
an energy value FA pertaining to a previous transmission
event and an energy value E,, pertaining to the initial
transmission event. Then, the evaluator 155 calculates the
evaluation value (evaluation value K,) for the intermediate
combined acoustic line signal by using the following expres-
sion.

K=E-E)VE,

[0055] That is, the evaluation value K, indicates contribu-
tion of an i” acoustic line signal (i.e., acoustic line signal
corresponding to an i transmission event) to an i” inter-
mediate combined acoustic line signal in terms of energy,
when regarding that the energy value E, pertaining to the
initial transmission event is 1.0.

[0056] Finally, the evaluator 155 determines whether the
evaluation value K, so calculated is lower than the threshold
value. The threshold value is preferably around 0.7 to 0.9 for
example. In the following, description is provided supposing
that the threshold value is 0.8. The evaluator 155, when the
evaluation value K, is lower than this threshold value,
provides an instruction to the outputter 156 to output the
intermediate combined acoustic line signal stored in the
acoustic line signal holder 154 as a combined acoustic line
signal.

(6) Outputter 156

[0057] Once the evaluator 155 judges that the intermediate
combined acoustic line signal stored in the acoustic line
signal holder 154 satisfies the predetermined condition, the
outputter 156 outputs the intermediate combined acoustic
line signal as a combined acoustic line signal, and deletes the
intermediate combined acoustic line signal and the combi-
nation count C stored in the acoustic line signal holder 154.
Alternatively, the outputter 156 may delete only the com-
bination count C.

3. Controller 120

[0058] The controller 120 includes the transmission angle
sequence holder 121. The controller 120, while changing the
ultrasound beam travel direction, causes the ultrasound
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transmitter 130 to perform transmission of ultrasound beams
and causes the ultrasound receiver 150 to perform reception
processing of ultrasound reflection generated by the ultra-
sound beams. Specifically, the controller 120 performs the
following operations. The controller 120 reads out the
transmission angle sequence from the transmission angle
sequence holder 121. Subsequently, the controller 120
causes the ultrasound transmitter 130 to transmit an ultra-
sound beam based on the first transmission angle, and then
causes the ultrasound receiver 150 to perform reception
processing of ultrasound reflection generated by the ultra-
sound beam. Subsequently, unless receiving a signal indi-
cating completion of image acquisition for a current frame
from the ultrasound receiver 150, the controller 120 causes
the ultrasound transmitter 130 to transmit an ultrasound
beam based on the second transmission angle, and then
causes the ultrasound receiver 150 to perform reception
processing of ultrasound reflection generated by the ultra-
sound beam. Following this, the controller 120 causes
ultrasound beam transmission/reception based on subse-
quent transmission angles until it receives the signal from
the ultrasound receiver 150. Meanwhile, when receiving the
signal from the ultrasound receiver 150, the controller 120
regards that the transmission event having been performed
most recently is the final transmission event for the current
frame. Subsequently, the controller 120 causes an initial
transmission event for generating a combined acoustic line
signal for a subsequent frame to be commenced, based on a
predetermined frame rate.

4. Switcher 140

[0059] The switcher 140 is a circuit that connects the
ultrasound transmitter 130 to the transmit transducers 101a,
and connects the ultrasound receiver 150 to the receive
transducers 101a. Specifically, upon transmission of an
ultrasound beam, the switcher 140 connects the ultrasound
transmitter 130 and the transmit transducers 1014 so that the
element drive signals from the ultrasound transmitter 130
are each supplied to a corresponding transmit transducer
101q. Further, upon reception processing, the switcher 140
connects the ultrasound receiver 150 and receive transducers
101a.

<Structures of Other Constituent Elements of Ultrasound
Diagnostic Device 100>

[0060] The image processor 160 is a circuit converting a
combined acoustic line signal output from the outputter 156
of the ultrasound receiver 150 into a B-mode image signal,
by performing processing such as conversion into coordi-
nates on an orthogonal coordinate system, and conversion
into luminance signals through envelope detection and loga-
rithmic compression.

[0061] The display controller 170 is a circuit causing the
display 103 to display the latest B-mode image generated by
the image processor 160.

<Operations>

[0062] The following describes operations of the ultra-
sound diagnostic device 100 with the above-described struc-
ture. FIG. 3 is a flowchart illustrating the operations of the
ultrasound diagnostic device 100.

[0063] First, the ultrasound transmitter 130 acquires a
transmission angle sequence from the transmission angle
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sequence holder 121 in Step S10. Description is provided in
the following supposing that the acquired transmission angle
sequence is {0, =5, +5, 10, +10, =15, +15, . . ., =40, +40}.
[0064] Subsequently. one is set to a counter that measures
a transmission count i (i.e., the counter is initialized) (Step
S21), and an ultrasound beam is transmitted to the target
region by using the i transmission angle (Step $22). Here,
since 1 equals one, the first transmission angle, namely 0°, is
used as the transmission angle. Further, the ultrasound
transmitter 130 generates element drive signals driving all
transmit transducers 101a at the same time as illustrated in
FIG. 6, and the ultrasound probe 101 transmits an ultrasound
beam in a direction perpendicular to the element line direc-
tion. That is, an ultrasound beam with a wavefront parallel
to the element line direction is transmitted.

[0065] In subsequent Step S23, ultrasound reflection gen-
erated by the transmitted ultrasound beam is converted into
element receive signals, and an acoustic line signal is
generated through delay-and-summing of the element
receive signals. Specifically, the ultrasound beam is reflected
inside the subject and arrives at the ultrasound probe 101 as
ultrasound reflection. Accordingly, first, the receive trans-
ducers 101a convert the ultrasound reflection into electric
signals, and output the electric signals to the ultrasound
receiver 150. Then, the A/D converter 151 converts the
electric signals into element receive signals (RF signals) by
performing amplification and A/D conversion of the electric
signals. Subsequently, the reception beam former 152 gen-
erates an acoustic line signal (DAS data) by performing, for
each measurement point P, in the target region, delaying of
the element receive signals to align timings of signal com-
ponents of the element receive signals corresponding to
ultrasound reflection received from the measurement point
P, and then performing summing of the delayed receive
signals. Here, the target region is a region for which an
acoustic line signal is to be generated, and description in the
present embodiment is provided supposing that the target
region is set in advance.

[0066] In subsequent Step S24, an intermediate combined
acoustic line signal is generated through the combining of
acoustic line signals. The combiner 153 combines all acous-
tic line signals corresponding to values of i from one to the
current value. Since i equals one here, the combining is
performed using only the acoustic line signal generated in
the immediately-preceding Step S23. Thus, the combiner
153 stores the acoustic line signal generated in Step S23
as-is to the acoustic line signal holder 154 as an intermediate
combined acoustic line signal.

[0067] In subsequent Step S25, an evaluation value is
calculated based on the intermediate combined acoustic line
signal stored in the acoustic line signal holder 154. FIG. 4 is
a flowchart illustrating a calculation process of the evalua-
tion value.

[0068] First, in Step S251, data for a predetermined ROI
is extracted from the intermediate combined acoustic line
signal. Here, the ROI is a region for which an evaluation
value is to be calculated, and is either a part of the target
region or the entire target region. In the present embodiment,
description is provided supposing that the entire target
region is the ROIL

[0069] In subsequent Step S252, a sum of absolute values
of amplitude values A, of the intermediate combined acous-
tic line signal at measurement points P, in the ROI is
calculated and set as an energy value E,. Here, since the
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entire target region is the RO, a sum of absolute values |A ;|
of amplitude values A, for all measurement points P, in the
target region is calculated as an energy value E,.

[0070] Subsequently, an evaluation value K, is calculated
(Steps S253 through S255). Here, description is provided
supposing that an evaluation value K, equaling 1.0 is cal-
culated (Step S255).

[0071] Description continues referring to FIG. 3 once
again. In Step S26, the evaluator 155 judges whether the
evaluation value K, satisfies the predetermined condition.
Here, description is provided supposing that the predeter-
mined condition is that the evaluation value K, is lower than
0.8. Since the evaluation value K,, which equals 1.0, does
not satisfy the predetermined condition, a judgment is made
in Step S27 of whether the transmission count i is smaller
than maximum i, and then a subsequent transmission
event is performed when the transmission count i is smaller
than maximum i, (Step S28).

[0072] Subsequently, a second transmission event is per-
formed, in which an ultrasound beam is transmitted by using
-5° being the second transmission angle (Step S22) and an
acoustic line signal is generated (Step S23).

[0073] Further, in Step S24, an intermediate combined
acoustic line signal is generated by the combining of acous-
tic line signals. Since i equals two here, combining is
performed using the acoustic line signal generated in Step
S23 for i=1 and an acoustic line signal generated in the
immediately-preceding Step S23. As such, the combiner 153
combines these two acoustic line signals. Specifically, the
combiner 153 reads out the intermediate combined acoustic
line signal stored in the acoustic line signal holder 154, and
generates a new intermediate combined acoustic line signal
by, for each measurement point P, summing a value for the
measurement point P, in the intermediate combined acous-
tic line signal and a value for the measurement point P in
the acoustic line signal generated in the immediately-pre-
ceding Step S23. and performing division by two. The
combiner 153 stores the new intermediate combined acous-
tic line signal so generated to the acoustic line signal holder
154.

[0074] In subsequent Step S25, an evaluation value is
calculated based on the intermediate combined acoustic line
signal stored in the acoustic line signal holder 154. First, in
Step S251, data for the predetermined ROI is extracted from
the intermediate combined acoustic line signal. Subse-
quently, in Step S252, a sum of absolute values of amplitude
values A, of the intermediate combined acoustic line signal
at measurement points P, in the ROL is calculated and set as
an energy value E,. Here, since the entire target region is the
RO, a sum of absolute values |A ;| of amplitude values A,
for all measurement points P, in the target region is calcu-
lated as an energy value E,.

[0075] Subsequently, an evaluation value K| is calculated
(Steps S253 through S255). Here, the evaluation value K; is
calculated by using the following expression.

K=E~E.)VE,

[0076] That is, the evaluation value K, is a value acquired
by normalizing, by using the energy level of the acoustic line
signal for transmission angle 0°, the contribution of Step S24
to the intermediate comhbined acoustic line signal stored in
the acoustic line signal holder 154 in terms of energy.

[0077] Subsequently, in Step S26, the evaluator 155
judges whether the evaluation value K, satisfies the prede-
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termined condition. Here, the predetermined condition is
that the evaluation value K is lower than 0.8. When evalu-
ation value K, does not satisfy the predetermined condition,
a judgment is made in Step S27 of whether the transmission
count i is smaller than maximum i,,,,., and then a subsequent
transmission event is performed when the transmission
count i is smaller than maximum i, (Step S28).

[0078] Subsequently, a p™ transmission event (where p is
an integer that is 3 or greater) is similarly performed, in
which an ultrasound beam is transmitted by using a p”
transmission angle (Step S22) and an acoustic line signal is
generated (Step S23). Further, since 1 equals p, an interme-
diate combined acoustic line signal is generated in Step S24
by combining acoustic line signals generated in Step S23 for
different values of i from one to p. Specifically, the combiner
153 generates a new intermediate combined acoustic line
signal by reading the intermediate combined acoustic line
signal stored in the acoustic line signal holder 154, and for
each measurement point P, (i) multiplying a value for the
measurement point P, in the read intermediate combined
acoustic line signal by (p-1) to acquire a sum of values for
the measurement point P, for values of i from one to (p-1),
(ii) adding the value for the measurement point P in the
acoustic line signal generated in the immediately-preceding
Step S23, and (iii) performing division by p. The combiner
153 stores the new intermediate combined acoustic line
signal so generated to the acoustic line signal holder 154. In
Step S25, an evaluation value is calculated based on the
intermediate combined acoustic line signal stored in the
acoustic line signal holder 154. First, an energy value B, is
calculated through Steps S251 through S252. Subsequently,
an evaluation value K, is acquired by using K,=(E,-E,_,)/
B,
[0079] When an evaluation value K, for a CO transmis-
sion event (where q is an integer that is 2 or greater) satisfies
the predetermined condition, or that is, when the evaluation
value K, is lower than 0.8, the outputter 156 acquires the
intermediate combined acoustic line signal stored in the
acoustic line signal holder 154 and outputs the intermediate
combined acoustic line signal as a combined acoustic line
signal. Further, the outputter 156 sets zero to the combina-
tion count C stored in the acoustic line signal holder 154.
[0080] Finally, in Step S40, a B-mode image is generated
from the combined acoustic line signal, and the B-mode
image is output to the display 103. Specifically, the image
processor 160 performs conversion of coordinates and con-
version into luminance signals on the combined acoustic line
signal to generate a B-mode image, and the display control-
ler 170 causes the display 103 to display the B-mode image.
[0081] Note that when No in Step S27, or that is, when the
transmission count i reaches maximum 1i,,, processing
similar to that performed when an evaluation value satisfies
the predetermined condition (Yes in Step S26) is performed.
This configuration is made to suppress excess repetition of
transmission events. Note that maximum i, may for
example be equal to the number of transmission angles
included in the transmission angle sequence. When making
this configuration, processing proceeds to a subsequent
frame once transmission events have been performed by
using all transmission angles included in the transmission
angle sequence.

[0082] When proceeding to a subsequent frame, process-
ing for the subsequent frame may be commenced in accor-
dance with a predetermined frame rate. Alternatively, pro-
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cessing for the subsequent frame may be commenced as
soon as Step S40 is completed or after a predetermined time
amount elapses from when Step S40 is completed. The latter
configuration achieves active improvement of frame rate
particularly when the number of acoustic line signals com-
bined is small, and thus achieves an improvement in tem-
poral resolution.

<Relation Between Transmission Count 1 and Evaluation
Value K>

[0083] The following describes a relation between trans-
mission count i and evaluation value K, with reference to
the relation graphs in FIGS. 5A through 5C.

[0084] FIG. 5A illustrates a general relation between
transmission count i and evaluation value K. The following
explains why such a relation exists.

[0085] As described above, an evaluation value K, indi-
cates the contribution of an i acoustic line signal to an i”
intermediate combined acoustic line signal in terms of
energy, relative to energy value E, of an acoustic line signal
acquired through a transmission event performed by using
transmission angle 0°. Energy value E of an intermediate
combined acoustic line signal is a sum of absolute values of
amplitude values at measurement points P ;. Thus, when two
intermediate combined acoustic line signals for different
values of i are similar to one another, energy values E, of the
two intermediate combined acoustic line signals are also
naturally similar. Accordingly, the greater the difference
between an i” acoustic line signal and an (i-1)" intermedi-
ate combined acoustic line signal generated by combining
acoustic line signals for the first through (i-1)" transmission
events, the greater the evaluvation value K.

[0086] Further, in a case where the difference between two
successive acoustic line signals remains substantially the
same from the first through i acoustic line signals, the
difference between the (i-1)" intermediate combined acous-
tic line signal and the i” acoustic line signal decreases and
approaches a certain value as the transmission count i
increases. Accordingly, the evaluation value K, also
decreases and approaches a certain value as the transmission
count i increases. Accordingly, in such a case, the greater the
transmission count 1, the smaller the evaluation value K..
Further, the decrease in evaluation value K brought about by
the increase in transmission count i is monotonical, as
illustrated in FIG. SA.

[0087] Meanwhile, when there is a fast cyclic movement
at a part of the target region, the relation is such as that
illustrated in FIG. 5B. Specifically, when there is a fast
movement at a part of the target region, the combining of
acoustic line signals improves spatial resolution at parts of
the target region where there is no movement, whereas the
combining does not improve spatial resolution and yields an
average of different states at the part of the target region
where the movement is present. Further, when the move-
ment is cyclic, almost no change in intermediate combined
acoustic line signal energy occurs once combining is com-
pleted for half the cycle of the movement. Further, following
this point, the change in intermediate combined acoustic line
signal energy brought about by increasing the number of
acoustic line signals combined is small, and the evaluation
value K, decreases rapidly as the transmission count i
increases. Due to this, the number of transmission events
having been performed at the point when the evaluation
value K, satisfies the predetermined condition is smaller in
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the case illustrated in FIG. 5B than in the case illustrated in
FIG. 5A, provided that the same threshold is used. Accord-
ingly, when a fast cyclic movement is present at a part of the
target region, the number of transmission events performed
for generating one frame decreases, and thus, a decrease in
spatial resolution can be suppressed.

[0088] Further, when there is anisotropy in the target
region, the relation is such as that illustrated in FIG. 5C. For
example, suppose a case where the element line direction is
the left-right direction, the travel direction of an ultrasound
beam with transmission angle 0° is the bottom direction, and
a bone exists in the right side of the target region in the
left-right direction, reaching the right end of the target
region. In this case, since the bone reflects ultrasound beams,
a region below the bone is shaded by the bone. Accordingly,
when using an ultrasound beam with transmission angle 0°
or ultrasound beams directed to the bottom-left, not enough
ultrasound reflection can be acquired from the region below
the bone, and thus, spatial resolution would be low at that
region. Meanwhile, when using ultrasound beams directed
to the bottom-right, the region shaded by the bone changes
in accordance with the ultrasound beam travel direction.
Specifically, a part of a region that is shaded by the bone
when the transmission angle is 0° would no longer be shaded
by the bone when the transmission angle is 5°, and another
part of the region that is shaded by the bone when the
transmission angle is 0° would no longer be shaded when the
transmission angle is 10°. Due to this, each time the com-
bining is performed, intermediate combined acoustic line
signal spatial resolution improves due to the shaded region
being supplemented, and intermediate combined acoustic
line signal energy value increases. As a result, until the
supplementing is completed, a great decrease in evaluation
value K, does not occur and evaluation value K, decreases
gently as the transmission count 1 increases. Due to this, the
number of transmission events having been performed at the
point when the evaluation value K, satisfies the predeter-
mined condition is greater in the case illustrated in FIG. 5C
than in the case illustrated in FIG. 5A, provided that the
same threshold is used. Accordingly, even when there is
anisotropy in the target region, a sufficient level of spatial
resolution can be ensured due to an increased number of
transmission events being performed for generating one
frame.

<Order of Transmission Angles in Transmission Angle
Sequence>

[0089] The following describes an order in which the
transmission angles in the transmission angle sequence are
arranged, with reference to FIG. 6.

[0090] Specifically, FIG. 6 is a schematic illustrating
transmission angles for transmission events, regions for
which acoustic line signals are generated, and regions cov-
ered by intermediate combined acoustic line signals. The
following description supposes that the direction in which
the five transducers 101a in the schematic form a line is the
element line direction (x-axis direction) and that the normal
direction with respect to the element line direction is the
depth direction (y-axis direction).

[0091] The first transmission event is performed by using
0° as the transmission angle. As such, the ultrasound beam
travel direction is parallel to the y axis. Here, description is
provided supposing that all of the transducers 101a are
driven at the same time so that spherical waves cil through
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ci5 from the transducers 101a, which form an ultrasound
beam wavefront, have the same size. Accordingly, an acous-
tic line signal is generated based on ultrasound reflection
from the entire target region.

[0092] The second transmission event is performed by
using -5° as the transmission angle. Thus, the ultrasound
beam travel direction is inclined with respect to the v axis by
5° in the x-axis negative direction. In order to achieve this,
a tangential line of the spherical waves cil though ci5 from
the transducers 101a needs to be inclined with respect to the
x axis by 5° in the y-axis positive direction. Accordingly,
delaying of drive timings of the transducers 101a is per-
formed so that the transducers 101a are driven in order
starting from the transducer 101a farthest in the x-axis
positive direction to the transducer 101a farthest in the
x-axis negative direction so that the radiuses of the semi-
spherical waves decrease in the order of ci, ci4, . . ., cil.
Accordingly, an acoustic line signal is generated based on
ultrasound reflection from the entire target region, but a
blank region (blankl) where no in-phase ultrasound beam
passes through is produced at the bottom right side of the
drawing, and spatial resolution is low at the blank region.
[0093] Similarly, in the third, fourth, and fifth transmission
events, blank regions blank2, blank3, and blankd, where
spatial resolution is low, are respectively produced.

[0094] In the present embodiment, the order in which
transmission angles in the transmission angle sequence are
arranged satisfy the following conditions: (i) the transmis-
sion angles alternate between positive and negative angles;
(ii) the transmission angles are arranged so that the smaller
the transmission angle, the earlier the position in the order;
(iil) the first transmission angle is 0°. This is due to the
following reasons.

[0095] (i) The transmission angles are arranged to alter-
nate between positive and negative angles in order to
prevent spatial biasing of blank regions to one side, namely
the right side (x-axis positive side) or the left side (x-axis
negative side). When there is an unbalance between the
number of transmission events for positive transmission
angles and the number of transmission events for negative
transmission angle among the transmission events that have
been performed at the point when the evaluation value K,
satisfies the predetermined condition, there is a risk of
spatial resolution not being uniform in the x-axis direction.
Since spatial resolution at a blank region cannot be increased
through the combining, the smaller the number of acoustic
line signals for which a measurement point P, is not located
in blank regions, the higher the spatial resolution of the
combined acoustic line signal at the measurement point P,.
Due to this, when blank regions in the acoustic line signals
that are used in the combining are spatially biased, the
combined acoustic line signal would have lower spatial
resolution at a region corresponding to many blank regions
than at other regions. As such, it is preferable to transmit
ultrasound beams at a good balance in the left and right
directions in order to avoid such spatial biasing of blank
regions. Accordingly, ununiformity of combined acoustic
line signal spatial resolution can be prevented, regardless of
the number of transmission events having been performed at
the point when the evaluation value K, satisfies the prede-
termined condition, by arranging transmission angles to
alternate between positive angle and negative angles.
[0096] (ii) The transmission angles are arranged so that the
smaller the transmission angle, the earlier the position in the
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order. This configuration is made in order to ensure that
blank region area increases as transmission progresses rather
than decreasing, and to thereby suppress an increase in the
number of evaluation values K, with large values. Specifi-
cally, the greater the absolute value of a transmission angle,
the greater the blank region area. Due to this, when per-
forming transmission events using transmission angles in
the order from those with large absolute values to those with
small absolute values, a transmission event performed later
produces acoustic line signal data for a part of a blank region
for a transmission event performed earlier. This results in
improvement of spatial resolution at the area. As a result, the
evaluation value K, remains high due to the change in
intermediate combined acoustic line signal energy value
continuing to be great. That is, it takes a relatively long
amount of time for improvement of spatial resolution
brought about by the combining of acoustic line signals to
reach saturation, and thus, the number of transmission
events that need to be performed increases. Meanwhile,
when arranging transmission angles so that the smaller the
transmission angle, the earlier the position in the order, such
supplementation of blank region is not likely to occur. Thus,
improvement of spatial resolution brought about by the
combining of acoustic line signals reaches saturation easily,
and it becomes easier to suppress the number of transmis-
sion events that are performed.

[0097] Further, when controlling transmission angles
according to the conditions (i) and (i) described above, it is
preferable to configure the transmission angle sequence so
that the first transmission angle is 0°.

<Summary>

[0098] The ultrasound signal processing device and the
ultrasound diagnostic device pertaining to embodiment 1
reduce the number of transmission events while maintaining
spatial resolution of a certain level or higher. Further, the
ultrasound signal processing device and the ultrasound diag-
nostic device achieve improved temporal resolution when
configured to actively change frame rate in accordance with
the number of transmission events.

<Modification 1>

[0099] The ultrasound signal processing device and the
ultrasound diagnostic device pertaining to embodiment 1
calculate an energy value E for an intermediate combined
acoustic line signal based on a sum of amplitude values of
the intermediate combined acoustic line signal, and calculate
an evaluation value for the intermediate combined acoustic
line signal K, from a degree of change of the energy value
E.

[0100] Meanwhile, in modification 1, an energy value E
for an intermediate combined acoustic line signal is calcu-
lated based on a spectrum of the intermediate combined
acoustic line signal, and the evaluation value K, for the
intermediate combined acoustic line signal is calculated
from a degree of change of the energy value E,.

<Operations>

[0101] FIG. 7 is a flowchart illustrating an evaluation
value calculation operation pertaining to modification 1.
Note that operations already illustrated in FIG. 4 are indi-
cated by using the same step numbers and description
thereof is not provided in the following.
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[0102] First, in Step S251, data pertaining to the prede-
termined ROI is extracted from the intermediate combined
acoustic line signal. In the present modification, description
is provided supposing that the entire target region is the ROL.
[0103] In subsequent Step S1251, a frequency band of
interest is set. The frequency band of interest specifies
frequency components to be used for the calculation of
energy value, among frequency components of the interme-
diate combined acoustic line signal. In the following,
description is provided supposing that the frequency band
from 4 MHz to 7 MHz is set as the frequency band of
interest, considering frequencies of transmitted ultrasound
beams. The use of such a frequency band prevents the
evaluation of the intermediate combined acoustic line signal
from being influenced by low frequency and high frequency
noises. However, the frequency band of interest need not be
set to the above-described example. Alternatively, a fre-
quency band differing from that described above may be set
as the frequency band of interest, or the frequency band of
interest may be set to cover all frequencies.

[0104] In subsequent Step S1252, two-dimensional Fou-
rier transform is performed on the intermediate combined
acoustic line signal based on the frequency band of interest,
to generate Fourier data.

[0105] In subsequent Step S1253, total power of a power
spectrum of the Fourier data is calculated as the energy value
E,. Here, since the frequency band of interest is 4 MHz to 7
MHz, the energy value E is a value acquired by calculating
the total power of the power spectrum within the frequency
range of 4 MHz to 7 MHz.

[0106] Subsequently, the evaluation value K, for the inter-
mediate combined acoustic line signal is calculated (Steps
S253 through S255). Specifically, the evaluation value K, is
a value acquired by normalizing, by using the energy value
calculated in Step S1253 for i=1 (i.e., for transmission angle
0°), the contribution of Step S24 to the intermediate com-
bined acoustic line signal in terms of power within the
frequency range of 4 MHz to 7 MHz.

<Summary>

[0107] The above-described structure allows eliminating
the influence of changes brought about by low frequency
and high frequency noises in an intermediate combined
acoustic line signal in the calculation of the evaluation value
K, for the intermediate combined acoustic line signal.
Accordingly, the structure allows detecting with high accu-
racy whether intermediate combined acoustic line signal
spatial resolution improves through the combining of acous-
tic line signals.

<Modification 2>

[0108] The ultrasound signal processing device and the
ultrasound diagnostic device pertaining to modification 1
calculate an energy value E for an intermediate combined
acoustic line signal based on a spectrum of the intermediate
combined acoustic line signal, and calculates an evaluation
value K, for the intermediate combined acoustic line signal
from a degree of change of the energy value E,.

[0109] Meanwhile, in modification 2, one-dimensionaliz-
ing of an intermediate combined acoustic line signal is
performed, an energy value E for the intermediate combined
acoustic line signal is calculated based on a spectrum of the
one-dimensional intermediate combined acoustic line sig-
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nal, and an evaluation value K, for the intermediate com-
bined acoustic line signal is calculated from a degree of
change of the energy value E,.

<Operations>

[0110] FIG. 8 is a flowchart illustrating an evaluation
value calculation operation pertaining to modification 2.
Note that operations already illustrated in FIGS. 4 and 7 are
indicated by using the same step numbers and description
thereof is not provided in the following.

[0111] First, in Step S251, data pertaining to the predeter-
mined ROI is extracted from the intermediate combined
acoustic line signal. In the present modification, description
is provided supposing that the entire target region is the ROI.
[0112] In subsequent Step S1254, the intermediate com-
bined acoustic line signal is one-dimensionalized. Specifi-
cally, the following processing is performed. First, an evalu-
ator calculates, for each depth-direction coordinate k, a
representative value V. of values V,, of the intermediate
combined acoustic line signal at measurement points P, in
the ROI with the depth-direction coordinate k. Specifically,
for measurement points P, whose depth-direction coordinate
k is one, the evaluator sets a maximum of the values V, of
the intermediate combined acoustic line signal as V,. The
evaluator performs this processing for other values ofk (i.e.,
k=2, k=3, . ..,) and thereby calculates value V, for each k.
Finally, by indicating V, as a function of k, the evaluator
generates a one-dimensional intermediate combined acous-
tic line signal.

[0113] In subsequent Step S1251, a frequency band of
interest is set. The frequency band of interest specifies
frequency components to be used for the calculation of
energy level, among frequency components of the interme-
diate combined acoustic line signal. In the following,
description is provided supposing that the frequency band
from 4 MHz to 7 MHz is set as the frequency band of
interest, considering frequencies of transmitted ultrasound
beams.

[0114] In subsequent Step S1255, one-dimensional Fou-
rier transform is performed on the intermediate combined
acoustic line signal based on the frequency band of interest
to generate Fourier data.

[0115] In subsequent Step S1253, total power of a power
spectrum of the Fourier data is calculated as the energy value
E,. Here, since the frequency band of interest is 4 MHz to 7
MHz, the energy value E, is a value acquired by calculating
the total power of the spectrum within the frequency range
of 4 MHz to 7 MHz.

[0116] Subsequently, the evaluation value K is calculated
(Steps S253 through S255). Specifically, the evaluation
value K, is a value acquired by normalizing, by using the
energy value calculated in Step S1253 for i=1 (i.e., for
transmission angle) 0°, the contribution of Step S24 to the
one-dimensional intermediate combined acoustic line signal
in terms of power within the frequency range of 4 MHz to
7 MHz.

<Summary>

[0117] The above-described structure allows calculating
an evaluation value K, for an intermediate combined acous-
tic line signal based on a change in maximums of values of
the intermediate combined acoustic line signal in the fre-
quency band of interest. Accordingly, the structure prevents
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the evaluation value K, from taking a large value in a case,
such as when there is a movement or the like, where values
of the intermediate combined acoustic line signal change but
the maximums of the values do not change, in which case
spatial resolution would not improve by the combining of
acoustic line signals. Accordingly, the structure allows
detecting with high accuracy whether intermediate com-
bined acoustic line signal spatial resolution improves
through the combining of acoustic line signals.

Embodiment 2

[0118] Inembodiment 1, description is provided of a case
where the number of transmission events is changed actively
frame by frame.

[0119] Meanwhile, embodiment 2 is characterized in that
setting of the number of transmission events is performed
every few frames.

<Structure>

[0120] FIG.9 is a functional block diagram illustrating an
ultrasound signal processing device 210 pertaining to
embodiment 2. Note that constituent elements already illus-
trated in FIG. 2 are indicated by using the same reference
signs and description thereof is not provided in the follow-
ing.

[0121] The ultrasound signal processing device 210
includes a controller 220 in place of the controller 120 and
an ultrasound receiver 250 in place of the ultrasound
receiver 150. The ultrasound receiver 250 includes an evalu-
ator 255. The evaluator 255 stores the transmission count i
at the point when an evaluation value of an intermediate
combined acoustic line signal satisfies the predetermined
condition to a transmission count holder 222 of the control-
ler 220 as a fixed transmission count,

[0122] The controller 220 has the following functions in
addition to the above-described functions of the controller
120. Upon commencing processing for a frame, the control-
ler 220 judges whether the current frame is a frame at which
a new fixed transmission count is to be set. When judging
that the current frame is not a frame at which a new fixed
transmission count is to be set, the controller 220 causes the
ultrasound transmitter 130 to execute the number of trans-
mission events indicated by a fixed transmission count
currently stored in the transmission count holder 222. Mean-
while, when judging that the current frame is a frame at
which a new fixed transmission count is to be set, the
controller 220 causes the transmission count holder 222 to
store a new fixed transmission count.

[0123] The evaluator 255 has the following functions in
addition to the above-described functions of the evaluator
155. In processing a frame at which a new fixed transmission
count is to be set, the evaluator 255 outputs the transmission
count i at which the evaluation value K, satisfies the prede-
termined condition as a new fixed transmission count to the
transmission count holder 222. Meanwhile, in processing a
frame at which a new fixed transmission count is not to be
set, the evaluator 255 does not perform the calculation of the
energy value E, or the evaluation value K,, and instead,
causes the combiner 153 to generate an intermediate com-
bined acoustic line signal by combining a number of acous-
tic line signals corresponding to the fixed transmission count
currently stored by the transmission count holder 222 and
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causes the outputter 156 to unconditionally output the inter-
mediate combined acoustic line signal as the combined
acoustic line signal.

<Operations>

[0124] The following describes operations of an ultra-
sound diagnostic device pertaining to embodiment 2. FIG.
10 is a flowchart illustrating operations for multiple frames,
performed by the ultrasound diagnostic device.

[0125] First, in Step S100, a frame counter value m is
initialized. In subsequent Step S101, a frame timer Tf is
activated.

[0126] In subsequent Step S102, a judgment is made of
whether the frame counter value m satisfies a condition that
a remainder of (m-1)/n equals zero. Here, n is a value
indicating how often the operation for setting a new fixed
transmission count (referred to in the following as a fixed
transmission count determination operation) is to be per-
formed in terms of number of frames, and for example is ten.
When m equals one, the above-described condition is sat-
isfied. Thus, the operation in Step S103 is subsequently
performed.

[0127] In Step S103, the ultrasound diagnostic device
performs the fixed transmission count determination opera-
tion. FIG. 11 is a flowchart illustrating operations of the
ultrasound diagnostic device for a frame for which the fixed
transmission count determination operation is performed.
Note that operations already illustrated in FIG. 4 are indi-
cated by using the same step numbers and description
thereof is not provided in the following.

[0128] The operations in the fixed transmission count
determination operation in Step 3103 are substantially simi-
lar to the operations of the ultrasound diagnostic device 100
pertaining to embodiment 1. However, in Step S50, the
evaluator 255 stores value 1 when the evaluation value K,
satisfies the predetermined condition as a new fixed trans-
mission count to the transmission count holder 222. Accord-
ingly, transmission count i at Step S103 is stored to the
transmission count holder 222 as a new fixed transmission
count.

[0129] Description continues referring to FIG. 10 once
again. When there is a subsequent frame (No in Step S105),
the frame counter value m is incremented (Step S106), and
the ultrasound diagnostic device waits until expiration of the
timer Tf (Step S107). Here, the timer Tf expires when an
inter-frame interval in accordance with frame rate elapses. In
subsequent Step S101, the frame timer Tf is activated once
again.

[0130] In subsequent Step S102, a judgment is made of
whether the frame counter value m satisfies the condition
that the remainder of (m-1)/n equals zero. Since n equals
ten, the condition is not satisfied when m equals two. Thus,
in this case, the operation of Step S104 is subsequently
performed.

[0131] In Step S104, the ultrasound diagnostic device
performs an image acquisition operation based on the fixed
transmission count currently stored in the transmission count
holder 222. FIG. 12 is a flowchart illustrating operations of
the ultrasound diagnostic device for a frame for which the
image acquisition operation is performed. Note that opera-
tions already illustrated in FIGS. 4 and 11 are indicated by
using the same step numbers and description thereof is not
provided in the following.
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[0132] First, the ultrasound transmitter 130 acquires the
transmission angle sequence from the transmission angle
sequence holder 121 and acquires the fixed transmission
count currently stored in the transmission count holder 222
in Step S60. Description is provided in the following sup-
posing that the acquired transmission angle sequence is {0,
=5, 45, =10, +10, =15, +15, . . ., =40, +40}, and supposing
that the fixed transmission count currently stored in the
transmission count holder 222 is seven.

[0133] Subsequently, one is set to the counter that counts
the transmission count i (i.e., the counter is initialized) (Step
S21), and an ultrasound beam is transmitted to the target area
by using the i” transmission angle (Step S22). Here, since i
equals one, an ultrasound beam is transmitted by using the
first transmission angle, namely 0° as the transmission
angle.

[0134] In subsequent Step S23, ultrasound reflection is
converted into receive signals, and an acoustic line signal is
generated through delay-and-summing.

[0135] In subsequent Step S70, an intermediate combined
acoustic line signal is generated through the combining of
acoustic line signals. The combiner 153 combines all acous-
tic line signals corresponding to values of i from one to the
current value. Since i equals one here, the combining is
performed using only the acoustic line signal having been
generated in the immediately-preceding Step S23. Thus, the
combiner 153 stores the acoustic line signal as-is to the
acoustic line signal holder 154 as an intermediate combined
acoustic line signal.

[0136] In subsequent Step S80, a judgment is made of
whether 1 has reached the fixed transmission count acquired
in Step S60. Here, since i has not yet reached the fixed
transmission count, 1 is incremented in Step S81 and a
subsequent transmission event is performed.

[0137] Following this, transmission events are repeatedly
performed by incrementing i until i reaches the fixed trans-
mission count (seven in this example).

[0138] In Step S80 after the 7 transmission event, i
reaches the fixed transmission count. Accordingly, process-
ing proceeds to Step S30, where the outputter 156 acquires
the intermediate combined acoustic line signal from the
acoustic line signal holder 154 and outputs the intermediate
combined acoustic line signal as a combined acoustic line
signal. Here, the outputter 156 resets the combination count
C stored in the acoustic line signal holder 154 to zero.

[0139] Finally, in Step S40, a B-mode image is generated
from the combined acoustic line signal, and the B-mode
image is output to the display 103. Specifically, the image
processor 160 performs conversion of coordinates and con-
version into luminance signals on the combined acoustic line
signal to generate a B-mode image, and the display control-
ler 170 causes the display 103 to display the B-mode image.

[0140] Through such operations, a combined acoustic line
signal is generated in accordance with the fixed transmission
count currently stored in the transmission count holder 222
and the transmission angle sequence.

[0141] Description continues referring to FIG. 10 once
again. When there is a subsequent frame (No in Step S105),
the frame counter value m is incremented (Step S106), and
the ultrasound diagnostic device waits until expiration of the
timer Tf (Step S107). Here, the timer Tf expires when an
inter-frame interval in accordance with frame rate elapses. In
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subsequent Step S101, the frame timer Tf is activated once
again. This results in operations for a third frame being
commenced.

[0142] Through such processing, the fixed transmission
count determination operation is performed once every n
frames, and the image acquisition operation is performed for
frames other than those for which the fixed transmission
count determination operation is performed.

<Summary>

[0143] The ultrasound signal processing device and the
ultrasound diagnostic device pertaining to embodiment 2
perform the fixed transmission count determination opera-
tion for only some frames, and thus, the calculation of
evaluation value does not need to be performed for every
transmission event. Thus, the ultrasound signal processing
device and the ultrasound diagnostic device achieve a reduc-
tion in computation amount. Further, the ultrasound signal
processing device and the ultrasound diagnostic device
prevent a frame-by-frame change in the number of trans-
mission events that may occur when for example swinging
of the ultrasound probe takes place, and thus, suppress
violent fluctuations in computation amount and frame rate.

<Modification 3>

[0144] In embodiment 2, description is provided of a case
where frame rate remains fixed, regardless of a change in
fixed transmission count. Meanwhile, the present modifica-
tion describes a case where frame rate is changed in accor-
dance with the fixed transmission count.

<Operations>

[0145] The following describes operations of an ultra-
sound diagnostic device pertaining to modification 3. FIG.
13 is a flowchart illustrating operations for multiple frames,
performed by the ultrasound diagnostic device. Note that
operations already illustrated in FIG. 10 are indicated by
using the same step numbers and description thereof is not
provided in the following.

[0146] First, in Step S100, a frame counter value m is
initialized. In subsequent, Step S101, a frame timer Tf is
activated.

[0147] In subsequent Step S102, a judgment is made of
whether the frame counter value m satisfies the condition
that the remainder of (m-1)/n equals zero. Here, n is a value
indicating how often the fixed transmission count determi-
nation operation is to be performed in terms of number of
frames, and for example is ten. When m equals one, the
above-described condition is satisfied. Thus, the operation in
Step S103 is subsequently performed.

[0148] In Step S103, the ultrasound diagnostic device
performs the fixed transmission count determination opera-
tion.

[0149] Insubsequent Step S108, the expiration time of the
frame timer Tf is changed in accordance with the fixed
transmission count set in Step S103. For example, supposing
that the initial expiration time of the frame timer Tfis 50 ms
(20 fps) and that the frame rate can be increased to 40 fps
according to the fixed transmission count set in Step S103,
the expiration time of the frame timer Tf is changed to 25
ms. Note that this change is applied even to a timer having
being activated in immediately-preceding Step S101 and
that is currently operating in Step S108.
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[0150] When there is a subsequent frame (No in Step
S105), the frame counter value m is incremented (Step
S106), and the ultrasound diagnostic device waits until
expiration of the timer Tf (Step S107). Here, the timer Tf
expires when an inter-frame interval in accordance with the
frame rate elapses. In subsequent Step S101, the frame timer
Tf is activated.

[0151] In subsequent Step S102, a judgment is made of
whether the frame counter value m satisfies the condition
that the remainder of (m-1)/n equals zero. Since n equals ten
here, the above-described condition is not satisfied when m
equals two. Thus, in this case, the operation of Step S104 is
subsequently performed.

[0152] In Step S104, the ultrasound diagnostic device
performs the image acquisition operation based on the fixed
transmission count currently stored in the transmission count
holer 222.

[0153] When there is a subsequent frame (No in Step
S105), the frame counter value m is incremented (Step
S106), and the ultrasound diagnostic device waits until
expiration of the timer Tf (Step S107). Here, the timer Tf
expires when the inter-frame interval in accordance with the
frame rate elapses. In subsequent Step S101, the frame timer
Tf is activated. This results in operations for a third frame
being commenced.

[0154] Through such processing, the fixed transmission
count determination operation is performed once every n
frames, and also, a frame rate to be applied starting at the
current frame and until commencement of the subsequent
fixed transmission count determination operation is deter-
mined. Accordingly, temporal resolution can be improved
particularly when a small fixed transmission count is set.

<Supplementary Explanation of Frame Rate>

[0155] The following describes the relation between frame
rate and the fixed transmission count determination opera-
tion, with reference to the timing charts of FIGS. 14A
through 14F. Each of FIGS. 14A through 14F is a timing
chart illustrating timings of fixed transmission count deter-
mination operations and image acquisition operations, and
image output timings.

[0156] The ultrasound diagnostic device pertaining to
embodiment 1 operates as illustrated in FIG. 14A or FIG.
14B. Specifically, when not actively changing frame rate, the
interval between image output timings f01 through f07 is
fixed, and frame operations 301 through 307 are each
performed when a predetermined time amount elapses from
an image output timing, as illustrated in FIG. 14A. Mean-
while, when actively changing frame rate, frame operations
311 through 317 are each performed when a predetermined
time amount elapses from a previous image output timing,
and image output timings {11 through f17 each immediately
follow a frame operation, as illustrated in FIG. 14B. In this
case, the time amount between an image output timing for
each frame operation and commencement of a subsequent
frame operation is fixed, and thus frame rate is dependent
upon time amount required for the frame operation.

[0157] Meanwhile, the ultrasound diagnostic device per-
taining to embodiment 2 operates as illustrated in FIG. 14C.
Specifically, the fixed transmission count determination
operation is performed at a regular basis, with operations
performed for example in the order of fixed transmission
count determination operation 321, image acquisition opera-
tions 422, 423, . . ., 424, fixed transmission count determi-
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nation operation 325, and image acquisition operation 426.
Further, the interval between image output timings 21
through 126 is fixed, and either a fixed transmission count
determination operation or an image acquisition operation is
performed when a predetermined time amount elapses from
an image output timing.

[0158] Meanwhile, the ultrasound diagnostic device per-
taining to modification 3 operates as illustrated in FIG. 14D.
Specifically, the fixed transmission count determination
operation is performed at a regular basis, with operations
performed for example in the order of fixed transmission
count determination operation 331, image acquisition opera-
tions 432, 433, . . ., 434, fixed transmission count determi-
nation operation 335, and image acquisition operation 436.
Meanwhile, image output timings f31 through 37 each
immediately follow a fixed transmission count determina-
tion operation or an image acquisition operation. In this
case, frame rate remains the same from immediately after a
fixed transmission count determination operation until
immediately before a subsequent fixed transmission count
determination operation, and frame rate may be changed
each time a fixed transmission count determination opera-
tion is performed.

[0159] Note that while modification 3 describes that the
fixed transmission count determination operation is per-
formed every n frames, the fixed transmission count deter-
mination operation may alternatively be performed each
time a predetermined time amount (for example, 0.2 sec-
onds) elapses, or each time a user instruction is provided.
For example, operations when performing the fixed trans-
mission count determination operation each time a user
instruction is provided and when not changing frame rate
would be as illustrated in FIG. 14E. Specifically, in this case,
the interval between image output timings 41 through 47
is fixed, and image acquisition operations 441 through 444,
446, and 447 are each performed when a predetermined time
amount elapses from an image output timing. Meanwhile,
when input received from a user indicates that the fixed
transmission count determination operation is to be per-
formed, a fixed transmission count determination operation
345 is performed immediately following image output tim-
ing 44, instead of the image acquisition operation. Mean-
while, when changing frame rate, frame rate is changed after
commencement of fixed transmission count determination
operation 355, as illustrated in FIG. 14F. Further, while not
illustrated in FIGS. 14A through 14F, a modification may be
made such that the fixed transmission count determination
operation is performed every n frames and additionally
performed whenever a user instruction is provided. A further
modification can also be made such that when a fixed
transmission count determination operation is to be per-
formed based on a user instruction, the fixed transmission
count determination operation is performed after n frames
from the immediately-preceding fixed transmission count
determination operation.

Other Modifications Pertaining to Embodiments

[0160] (1) In the embodiments and the modifications, the
combiner stores an intermediate combined acoustic line
signal corresponding to values of i from one to p to the
acoustic line signal holder. Further, in combining an acoustic
line signal for p+1, the combiner multiples values in the
intermediate combined acoustic line signal by p, adds cor-
responding values in the acoustic line signal for p+1, and
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performs division by using p+1. The combiner generates a
new intermediate combined acoustic line signal in such a
manner, and stores the new intermediate combined acoustic
line signal to the acoustic line signal holder. However, the
combining need not be performed as described above. For
example, the combiner may store, to the acoustic line signal
storage, a summed acoustic line signal acquired by simply
summing corresponding values in the acoustic line signals
for values of'i from one to p, in which case the evaluator and
the outputter may acquire an intermediate combined acous-
tic line signal by dividing values in the summed acoustic line
signal by a combination count. Note that the acquisition of
the intermediate combined acoustic line signal, in either of
the cases described above, need not be performed by only
simply summing corresponding values in acoustic line sig-
nals. For example, weighting based on transmission angles
may be performed, and/or exclusion of blank regions regard-
ing that there is no data for the blank regions may be
performed.

[0161] Further, in embodiment 2 and modification 3, the
combiner also generates an intermediate combined acoustic
line signal in the image acquisition operation, by performing
processing similar to that in the fixed transmission count
determination operation. However, for example, a modifi-
cation may be made such that in the image acquisition
operation, the combiner holds a number of acoustic line
signals corresponding to the fixed transmission count and
combines these acoustic line signals.

[0162] (2) In the embodiments and modifications, {0, -5,
+5,-10,+10, =15, +15, ..., =40, +40} is used as an example
of the transmission angle sequence. However, the transmis-
sion angle sequence may for example be {0, -0.2, +0.2,
-0.4,+04,... }or {0,-0.3, +0.3, -0.6, +0.6, . . . } Further,
the transmission angles in the transmission angle sequence
need not be arranged in the order of {0, negative angle,
positive angle, negative angle, positive angle, . . . }, and may
be arranged in an order such as {0, positive angle, negative
angle, positive angle, negative angle, . . . }, {0, positive
angle, negative angle, negative angle, positive angle, posi-
tive angle, negative angle, negative angle, . . . }, or {0,
negative angle, positive angle, positive angle, negative
angle, negative angle, positive angle, positive angle, . . . }.
Further, the transmission angles in the transmission angle
sequence need not be arranged in the order of increasing
absolute value, and may be for example arranged in an order
such as {0, +8, -8, +4, -4, +6, -6, +2, -2, . . . }, where the
fourth and subsequent transmission angles are set to be
within a range defined by the first through third transmission
angles.

[0163] Further, when the transmission angle sequence
holder stores multiple transmission angle sequences, the
controller may determine which of the transmission angle
sequences to use based on target region area, position of
target region in subject, tissue inside target region, etc.
Configuring the controller to perform such control allows,
for example, using a different, suitable transmission angle
sequence for the imaging of fingers for examination of
rheumatism and the imaging of internal organs for exami-
nation of cancer.

[0164] (3) In embodiment 1, modifications 1 and 2, and
the fixed transmission count determination operation in
embodiment 2 and modification 3, the combiner generates
an intermediate combined acoustic line signal and the evalu-
ator calculates an evaluation value K; for the intermediate
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combined acoustic line signal and judges whether the evalu-
ation value K; satisfies a predetermined condition, each time
a transmission event is performed. However, the judgment
using an evaluation value for an intermediate combined
acoustic line signal need not be performed for every trans-
mission event. For example, the judgment may be performed
only when the number of transmission events having been
performed satisfies a predetermined condition, such that the
judgment is performed every two or four transmission
events. When making such a modification, it suffices for the
evaluator to perform the calculation of evaluation value only
for transmission events for which the judgment is to be
performed. Further, when performing the calculation of
evaluation value and judgment using the evaluation value
every r transmission events (where r is an integer that two or
greater), the evaluation value K, may be defined by using the
following expression: K,=(E,-F, )/E,. Further, the com-
biner, instead of performing the combining to generate an
intermediate combined acoustic line signal for every trans-
mission event, may perform the combining only for each
transmission event for which the judgment is to be per-
formed. By performing such processing, computation
amount for calculating evaluation values can be reduced.

[0165] (4) In embodiment 1, modifications 1 and 2, and
the fixed transmission count determination operation in
embodiment 2 and modification 3, an evaluation value K, is
calculated by using energy value E, of a first acoustic line
signal as a reference, but the calculation may be performed
by using an energy value of an acoustic line signal corre-
sponding to transmission angle 0° as a reference. Further,
note that when the first transmission angle in the transmis-
sion angle sequence is not 0°, an energy value E; of the first
acoustic line signal may be simply used as a reference, or an
energy value of a second or subsequent acoustic line signal
corresponding to transmission angle 0° may be used as a
reference. Further, when the transmission angle sequence
does not include 0°, an energy value E, of the first acoustic
line signal may be simply used as a reference, or an energy
value of a second or subsequent acoustic line signal corre-
sponding to a transmission angle with a smallest absolute
value may be used as a reference. In any case, it is preferable
that the energy value used as the reference have as large an
energy value as possible, and thus, it is preferable that an
energy value of an acoustic line signal corresponding to a
transmission angle having as small an absolute value as
possible be used.

[0166] (5) In embodiment 1, modifications 1 and 2, and
the fixed transmission count determination operation in
embodiment 2 and modification 3, the evaluator calculates
an evaluation value K for an intermediate combined acous-
tic line signal covering the entire target region. Alternatively,
for example, the evaluator may calculate an evaluation value
K, for an intermediate combined acoustic line signal by
using data of the intermediate combined acoustic line signal
corresponding to the ROI, which is a part of the target
region. For example, the ROI may be a central sub-region
when splitting the target region into 3x3 sub-regions. Alter-
natively, the ROI may be a region of a predetermined size
with its center located at the center of the target region. By
performing processing in such manner, computation amount
for calculating evaluation values can be reduced.

[0167] (6) In each of the embodiments and modifications,
the ultrasound diagnostic device transmits plane wave ultra-
sound beams. However, the ultrasound beams transmitted
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need not be plane waves, and may be unfocused ultrasound
waves with any shape. For example, the transmitted ultra-
sound beams may be diffused ultrasound beams with convex
wavefronts.

[0168] (7) In each of the embodiments and the modifica-
tions, the ultrasound diagnostic device displays B-mode
images on the display. However, for example, the ultrasound
diagnostic device may output B-mode image data to a
storage and/or other devices. Alternatively, for example, the
ultrasound diagnostic device may output combined acoustic
line signals to a storage and/or other devices.

[0169] (8) In each of the embodiments and the modifica-
tions, the ultrasound diagnostic device is connectable to the
display. However, the ultrasound diagnostic device does not
need to be connectable to the display. For example, the
ultrasound diagnostic device may include the display as a
built-in component. Similarly, the ultrasound diagnostic
device may include the ultrasound probe as a built-in
component, or alternatively, the ultrasound diagnostic
device may not include the A/D converter or the receive
beam former and may acquire acoustic line signals from an
ultrasound probe including the A/D converter and the
receive beam former.

[0170] (9) All or some of the constituent elements of the
ultrasound diagnostic devices pertaining to the embodiments
and the modifications may be implemented as one or more
chips of integrated circuits, may be implemented as a
computer program, or may be implemented in any other
form. For example, a modification may be made of imple-
menting the evaluator and the outputter as a single chip, or
a modification may be made of implementing the ultrasound
transmitter on one chip and implementing the ultrasound
receiver and other constituent elements on another chip.
[0171] Implementation with an integrated circuit is typi-
cally achieved by using a large scale integration (LSI). An
LSI may be referred to as an integrated circuit, a system LSI,
a super LSI, or an ultra LSI may be used depending on the
level of integration.

[0172] Further, techniques of circuit integration are not
limited to LSI, and implementation may be achieved by a
dedicated circuit or general-purpose processor. Further, a
field programmable gate array (FPGA) that is programmable
after LSI manufacture or a reconfigurable processor, in
which circuit cell connections and settings in the LST can be
reconfigured after LSI manufacture may be used.

[0173] Further, if a circuit integration technology is intro-
duced that replaces LSI due to advances in semiconductor
technology or another derivative technology, such technol-
ogy may of course be used to integrate the functional blocks.
[0174] Further, the ultrasound diagnostic devices pertain-
ing to the embodiments and modifications may be imple-
mented as a program stored on a storage medium and a
computer that reads and executes the program. The storage
medium may be any kind of storage medium, such as a
memory card or DVD-ROM. Further, the ultrasound diag-
nostic device pertaining to the present invention may be
implemented as program downloadable via a network and a
computer that downloads and executes the program.
[0175] (10) The above embodiments each describe a pref-
erable and specific example of the present invention. The
values, shapes, materials, constituent elements, positions
and connections of the constituent elements, processes,
ordering of processes, etc., are only examples and are not
intended to limit the scope of the present invention. Further,
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among the constituent elements described in the embodi-
ments, those not recited in the independent claims that
indicate highest level concepts of the present invention are
described as optional elements constituting a preferable
form.

[0176] Further, in order to aid understanding of the inven-
tion, the dimensions of the constituent elements illustrated in
the drawings referred to in the embodiments may differ from
actual dimensions. Further, the present invention is not
intended to be limited in scope by the description in the
embodiments, and can be appropriately modified so as not to
depart from the scope of the present invention.

[0177] Further, in ultrasound diagnostic devices are mem-
bers such as circuit elements and lead lines on substrates, but
description thereof is omitted, as various forms of imple-
mentation of electrical wiring and circuitry are possible
based on common knowledge in the technical fields, and
such description is not directly relevant to the present
invention. The drawings referred to above are schematics,
and are not necessarily exact.

<Supplement>

[0178] (1) One aspect of the present invention is an
ultrasound signal processing device that performs multiple
transmission events of transmitting non-focused ultrasound
beams to a subject by using an ultrasound probe having
multiple transducers, that performs, for each of the trans-
mission events, reception of ultrasound reflection from the
subject and generation of an acoustic line signal based on the
ultrasound reflection, and that combines acoustic line signals
for the respective transmission events to generate a com-
bined acoustic line signal, the ultrasound signal processing
device including ultrasound signal processing circuitry con-
figured to operate as: a transmitter that varies ultrasound
beam travel direction between transmission events and per-
forms each transmission event by causing the ultrasound
probe to transmit an ultrasound beam traveling to an inside
of the subject; a reception processor that generates an
acoustic line signal for each transmission event that is
performed by generating reception signal sequences for
transducers based on ultrasound reflection that the ultra-
sound probe receives from a target region inside the subject
and performing delay-and-summing using the reception
signal sequences; a combiner that generates an intermediate
combined acoustic line signal by combining, based on
measurement points in the target region, acoustic line signals
corresponding to the first to latest transmission events per-
formed for a current combined acoustic line signal; an
evaluator that judges whether a subsequent transmission
event is to be performed for the current combined acoustic
line signal by calculating an evaluation value from an energy
value of the intermediate combined acoustic line signal and
judging whether the evaluation value satisfies a predeter-
mined condition; and an outputter that outputs the interme-
diate combined acoustic line signal as the current combined
acoustic line signal once the evaluator judges that a subse-
quent transmission event is not to be performed for the
current combined acoustic line signal.

[0179] Another aspect of the present invention is an ultra-
sound signal processing method of (i) performing multiple
transmission events of transmitting non-focused ultrasound
beams to a subject by using an ultrasound probe having
multiple transducers, (ii) performing, for each of the trans-
mission events, reception of ultrasound reflection from the
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subject and generation of an acoustic line signal based on the
ultrasound reflection, and (iii) combining acoustic line sig-
nals for the respective transmission events to generate a
combined acoustic line signal, the ultrasound signal pro-
cessing method including: varying ultrasound beam travel
direction between transmission events and performing each
transmission event by causing the ultrasound probe to trans-
mit an ultrasound beam traveling to an inside of the subject;
generating an acoustic line signal for each transmission
event that is performed by generating reception signal
sequences for transducers based on ultrasound reflection that
the ultrasound probe receives from a target region inside the
subject and performing delay-and-summing using the recep-
tion signal sequences; generating an intermediate combined
acoustic line signal by combining, based on measurement
points in the target region, acoustic line signals correspond-
ing to the first to latest transmission events performed for a
current combined acoustic line signal; judging whether a
subsequent transmission event is to be performed for the
current combined acoustic line signal by calculating an
evaluation value from an energy value of the intermediate
combined acoustic line signal and judging whether the
evaluation value satisfies a predetermined condition; and
outputting the intermediate combined acoustic line signal as
the current combined acoustic line signal once a judgment is
made that a subsequent transmission event is not to be
performed for the current combined acoustic line signal.
[0180] According to the present disclosure, the above-
described structure enables adaptively changing the number
of transmission events performed based on a relation
between the number of acoustic line signals that are com-
bined and the quality of the combined acoustic line signal.
As such, both high spatial resolution and high temporal
resolution can be achieved by suppressing the number of
transmission events performed to as small as possible while
keeping spatial resolution at a certain level or higher.
[0181] (2) The ultrasound signal processing device of (1),
wherein ultrasound beam travel directions for two succes-
sive transmission events may extend to opposite sides of a
normal line direction relative to a direction in which the
transducers form a line.

[0182] The above-described structure prevents spatial
biasing of ultrasound beam travel directions to one side
along the direction in which the transducers form a line,
regardless of the number of transmission events having been
performed at the point when the evaluator makes the judg-
ment that a subsequent transmission event is not to be
performed. Thus, the above-described structure prevents a
situation where the number of ultrasound beams having been
transmitted is not the same at both sides of a normal line
direction relative to the direction in which the transducers
form a line. As such, the above-described structure prevents
ununiformity of spatial resolution of the combined acoustic
line signal in the direction in which the transducers form a
line.

[0183] (3) The ultrasound signal processing device of (1)
or (2), wherein when defining a transmission angle for a
transmission event as an angle between an ultrasound beam
travel direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line, transmission angles for two successive trans-
mission events may be such that (i) an absolute value of the
transmission angle for the later transmission event is greater
than an absolute value of the transmission angle for the
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earlier transmission event, or (ii) the absolute value of the
transmission angle for the later transmission is equal to the
absolute value of the transmission angle for the earlier
transmission event.

[0184] This structure enables reducing the number of
transmission events already performed at the point when the
evaluator makes the judgment that a subsequent transmis-
sion event is not to be performed, with acoustic line signals
with greater likelihood of improving intermediate combined
acoustic line signal spatial resolution being used earlier in
the combining of acoustic line signals.

[0185] (4) The ultrasound signal processing device of (1)
through (3), wherein when defining a transmission angle for
a transmission event as an angle between a ultrasound beam
travel direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line, the ultrasound signal processing circuitry may
further operate as a transmission angle storage that stores a
transmission angle sequence that defines transmission
angles each corresponding to one transmission event.
[0186] (5) The ultrasound signal processing device of (4),
wherein the transmission angle storage may store two or
more transmission angle sequences, and the transmitter may
select one of the transmission angle sequences according to
at least one of: a cross-sectional area of the target region; a
position of the target region in the subject; and tissue type at
the target region.

[0187] The above-described structure enables using a suit-
able transmission angle sequence based on characteristics of
the target region.

[0188] (6) The ultrasound signal processing device (1)
through (5), wherein when defining a transmission angle for
a transmission event as an angle between a ultrasound beam
travel direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line, the evaluator may calculate the evaluation value
by normalizing an amount of change in the energy value of
the intermediate combined acoustic line signal by using an
energy value of an acoustic line signal corresponding to a 0°
transmission angle, and the predetermined condition may be
that the evaluation value is lower than a predetermined
threshold.

[0189] The above-described structure enables detecting,
based on change in energy, whether intermediate combined
acoustic line signal spatial resolution improves through the
combining of acoustic line signals.

[0190] (7) The ultrasound signal processing device of (1)
through (6), wherein the evaluator may calculate the energy
value of the intermediate combined acoustic line signal by
summing amplitude values of the intermediate combined
acoustic line signal within a predetermined region of the
target region.

[0191] (8) The ultrasound signal processing device of (1)
through (6), wherein the evaluator may convert the inter-
mediate combined acoustic line signal into Fourier data by
performing two-dimensional Fourier transform for a prede-
termined region of the target region, calculate total power of
a spectrum of the Fourier data, and use the total power as the
energy value of the intermediate combined acoustic line
signal.

[0192] (9) The ultrasound signal processing device of (1)
through (6), wherein the evaluator may convert data of the
intermediate combined acoustic line signal for a predeter-
mined region of the target region into an one-dimensional
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acoustic line signal for a depth direction, perform one-
dimensional Fourier transform in the depth direction on the
one-dimensional acoustic line signal to acquire Fourier data,
calculate total power of a spectrum of the Fourier data, and
use the total power as the energy value of the intermediate
combined acoustic line signal.

[0193] The above-described structures enable estimating
intermediate combined acoustic line signal spatial resolution
by using a total of energy of the intermediate combined
acoustic line signal.

[0194] (10) The ultrasound signal processing device of (8)
or (9), wherein the evaluator may use the entire frequency
range of the spectrum of the Fourier data to calculate the
energy value of the intermediate combined acoustic line
signal.

[0195] (11) The ultrasound signal processing device of (8)
or (9), wherein the evaluator may use a predetermined
frequency range of the spectrum of the Fourier data to
calculate the energy value of the intermediate combined
acoustic line signal.

[0196] The above-described structures enable estimating
intermediate combined acoustic line signal spatial resolution
based on specific frequency components of the intermediate
combined acoustic line signal.

[0197] (12) The ultrasound signal processing device of (7)
through (11), wherein the predetermined region may be the
entire target region.

[0198] (13) The ultrasound signal processing device of (7)
through (11), wherein the predetermined region may be a
region of interest in the target region.

[0199] The above-described structures enable estimating
intermediate combined acoustic line signal spatial resolution
based on the entire target region or a specific part of the
target region.

[0200] (14) The ultrasound signal processing device of (1)
through (13), wherein once the evaluator judges that a
subsequent transmission event is not to be performed for the
current combined acoustic line signal, the outputter may
vary a time point at which a transmission event for a
subsequent combined acoustic line signal is to be com-
menced based on the number of transmission events per-
formed to generate the current combined acoustic line
signal.

[0201] The above-described structure enables improving
frame rate, which is the frequency at which combined
acoustic line signals are output, in accordance with the
number of transmission events performed.

[0202] (15) The ultrasound signal processing device of (1)
through (14), wherein the ultrasound signal processing cir-
cuitry may further operate as: a controller that holds therein
a transmission count indicating the number of transmission
events performed to generate the current combined acoustic
line signal, once the evaluator judges that a subsequent
transmission event is not to be performed for the current
combined acoustic line signal, and in generation of each of
one or more subsequent combined acoustic line signals, the
controller may cause the transmitter to perform transmission
of ultrasound beams the number of times indicated by the
transmission count, and cause the outputter to output an
acoustic line signal generated by combining all acoustic line
signals corresponding to the ultrasound beams that the
transmitter has transmitted as a combined acoustic line
signal, regardless of the judgment by the evaluator.
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[0203] With the above-described structure, the evaluator
performs the setting of the number of transmission events
only in the generation of some combined acoustic line
signals, and in the generation of combined acoustic line
signals subsequent to each of such combined acoustic line
signals, the evaluator does not perform the judgment.
[0204] (16) The ultrasound signal processing device of
(15), wherein in generation of each of a predetermined
number of combined acoustic line signals performed fol-
lowing the holding of the transmission count, the controller
may cause the transmitter to perform transmission of ultra-
sound beams the number of times indicated by the trans-
mission count, and cause the outputter to output an acoustic
line signal generated by combining all acoustic line signals
corresponding to the ultrasound beams that the transmitter
has transmitted as a combined acoustic line signal, regard-
less of the judgment by the evaluator, and in generation of
a combined acoustic line signal subsequent to the predetet-
mined number of combined acoustic line signals, the con-
troller may cause the evaluator to perform the judgment of
whether a subsequent transmission event is to be performed
for the current combined acoustic line signal and cause the
outputter to output an intermediate acoustic line signal as the
current combined acoustic line signal once the evaluator
judges that a subsequent transmission event is not to be
performed for the current combined acoustic line signal.
[0205] With the above-described structure, the setting of
the number of transmission events is performed at a regular
basis.

[0206] (17) The ultrasound signal processing device of
(15) or (16) further including an input receiver that receives
user input, wherein the controller may cause the evaluator to
perform the judgment of whether a subsequent transmission
event is to be performed for a current combined acoustic line
signal additionally when the input receiver receives a user
instruction to determine the number of transmissions pet-
formed to generate the current combined acoustic line
signal.

[0207] With the above-described structure, the setting of
the number of transmission events is performed in accor-
dance with a user instruction.

[0208] (18) The ultrasound signal processing device of (1)
through (17), wherein the transmitter may transmit plane
wave ultrasound beams each with a wavefront perpendicular
to the ultrasound beam travel direction.

[0209] The above-described structure enables applying the
present invention to synthesis of plane waves.

[0210] The ultrasound signal processing device, the ultra-
sound diagnostic device, and the ultrasound signal process-
ing method pertaining to the present disclosure are useful for
image diagnosis using ultrasound. In particular, the ultra-
sound signal processing device, the ultrasound diagnostic
device, and the ultrasound signal processing method pet-
taining to the present disclosure make it possible to achieve
both high spatial resolution and high temporal resolution,
and have high industrial applicability in the field of medical
diagnostic equipment and the like.

[0211] 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
construed as being included therein.
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What is claimed is:

1. An ultrasound signal processing device that performs
multiple transmission events of transmitting non-focused
ultrasound beams to a subject by using an ultrasound probe
having multiple transducers, that performs, for each of the
transmission events, reception of ultrasound reflection from
the subject and generation of an acoustic line signal based on
the ultrasound reflection, and that combines acoustic line
signals for the respective transmission events to generate a
combined acoustic line signal,

the ultrasound signal processing device comprising ultra-
sound signal processing circuitry configured to operate
as:

a transmitter that varies ultrasound beam travel direction
between transmission events and performs each trans-
mission event by causing the ultrasound probe to
transmit an ultrasound beam traveling to an inside of
the subject;

areception processor that generates an acoustic line signal
for each transmission event that is performed by gen-
erating reception signal sequences for transducers
based on ultrasound reflection that the ultrasound probe
receives from a target region inside the subject and
performing delay-and-summing using the reception
signal sequences;

a combiner that generates an intermediate combined
acoustic line signal by combining, based on measure-
ment points in the target region, acoustic line signals
corresponding to the first to latest transmission events
performed for a current combined acoustic line signal;

an evaluator that judges whether a subsequent transmis-
sion event is to be performed for the current combined
acoustic line signal by calculating an evaluation value
from an energy value of the intermediate combined
acoustic line signal and judging whether the evaluation
value satisfies a predetermined condition; and

an outputter that outputs the intermediate combined
acoustic line signal as the current combined acoustic
line signal once the evaluator judges that a subsequent
transmission event is not to be performed for the
current combined acoustic line signal.

2. The ultrasound signal processing device of claim 1,

wherein

ultrasound beam travel directions for two successive
transmission events extend to opposite sides of a nor-
mal line direction relative to a direction in which the
transducers form a line.

3. The ultrasound signal processing device of claim 1,

wherein

when defining a transmission angle for a transmission
event as an angle between an ultrasound beam travel
direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line,

transmission angles for two successive transmission
events are such that (i) an absolute value of the trans-
mission angle for the later transmission event is greater
than an absolute value of the transmission angle for the
earlier transmission event, or (ii) the absolute value of
the transmission angle for the later transmission is
equal to the absolute value of the transmission angle for
the earlier transmission event.

4. The ultrasound signal processing device of claim 1,

wherein
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when defining a transmission angle for a transmission
event as an angle between a ultrasound beam travel
direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line,
the ultrasound signal processing circuitry further operates
as a transmission angle storage that stores a transmis-
sion angle sequence that defines transmission angles
each corresponding to one transmission event.
5. The ultrasound signal processing device of claim 4,
wherein
the transmission angle storage stores two or more trans-
mission angle sequences, and
the transmitter selects one of the transmission angle
sequences according to at least one of: a cross-sectional
area of the target region; a position of the target region
in the subject; and tissue type at the target region.
6. The ultrasound signal processing device of claim 1,
wherein
when defining a transmission angle for a transmission
event as an angle between a ultrasound beam travel
direction for the transmission event and a normal line
direction relative to a direction in which the transducers
form a line,
the evaluator calculates the evaluation value by normal-
izing an amount of change in the energy value of the
intermediate combined acoustic line signal by using an
energy value of an acoustic line signal corresponding to
a 0° transmission angle, and
the predetermined condition is that the evaluation value is
lower than a predetermined threshold.
7. The ultrasound signal processing device of claim 1,
wherein
the evaluator calculates the energy value of the interme-
diate combined acoustic line signal by summing ampli-
tude values of the intermediate combined acoustic line
signal within a predetermined region of the target
region.
8. The ultrasound signal processing device of claim 1,
wherein
the evaluator converts the intermediate combined acoustic
line signal into Fourier data by performing two-dimen-
sional Fourier transform for a predetermined region of
the target region, calculates total power of a spectrum
of the Fourier data, and uses the total power as the
energy value of the intermediate combined acoustic
line signal.
9. The ultrasound signal processing device of claim 1,
wherein
the evaluator converts data of the intermediate conbined
acoustic line signal for a predetermined region of the
target region into an one-dimensional acoustic line
signal for a depth direction, performs one-dimensional
Fourier transform in the depth direction on the one-
dimensional acoustic line signal to acquire Fourier
data, calculates total power of a spectrum of the Fourier
data, and uses the total power as the energy value of the
intermediate combined acoustic line signal.
10. The ultrasound signal processing device of claim 8,
wherein
the evaluator uses the entire frequency range of the
spectrum of the Fourier data to calculate the energy
value of the intermediate combined acoustic line signal.
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11. The ultrasound signal processing device of claim 8,

wherein

the evaluator uses a predetermined frequency range of the
spectrum of the Fourier data to calculate the energy
value of the intermediate combined acoustic line signal.

12. The ultrasound signal processing device of claim 7,

wherein

the predetermined region is the entire target region.

13. The ultrasound signal processing device of claim 7,

wherein

the predetermined region is a region of interest in the
target region.

14. The ultrasound signal processing device of claim 1,

wherein

once the evaluator judges that a subsequent transmission
event is not to be performed for the current combined
acoustic line signal, the outputter varies a time point at
which a transmission event for a subsequent combined
acoustic line signal is to be commenced based on the
number of transmission events performed to generate
the current combined acoustic line signal.

15. The ultrasound signal processing device of claim 1,

wherein

the ultrasound signal processing circuitry further operates
as:

a controller that holds therein a transmission count indi-
cating the number of transmission events performed to
generate the current combined acoustic line signal,
once the evaluator judges that a subsequent transmis-
sion event is not to be performed for the current
combined acoustic line signal, and

in generation of each of one or more subsequent com-
bined acoustic line signals, the controller causes the
transmitter to perform transmission of ultrasound
beams the number of times indicated by the transmis-
sion count, and causes the outputter to output an
acoustic line signal generated by combining all acoustic
line signals corresponding to the ultrasound beams that
the transmitter has transmitted as a combined acoustic
line signal, regardless of the judgment by the evaluator.

16. The ultrasound signal processing device of claim 15,

wherein

in generation of each of a predetermined number of
combined acoustic line signals performed following the
holding of the transmission count, the controller causes
the transmitter to perform transmission of ultrasound
beams the number of times indicated by the transmis-
sion count, and causes the outputter to output an
acoustic line signal generated by combining all acoustic
line signals corresponding to the ultrasound beams that
the transmitter has transmitted as a combined acoustic
line signal, regardless of the judgment by the evaluator,
and

in generation of a combined acoustic line signal subse-
quent to the predetermined number of combined acous-
tic line signals, the controller causes the evaluator to
perform the judgment of whether a subsequent trans-
mission event is to be performed for the current com-
bined acoustic line signal and causes the outputter to
output an intermediate acoustic line signal as the cur-
rent combined acoustic line signal once the evaluator
judges that a subsequent transmission event is not to be
performed for the current combined acoustic line sig-
nal.
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17. The ultrasound signal processing device of claim 15
further comprising

an input receiver that receives user input, wherein

the controller causes the evaluator to perform the judg-
ment of whether a subsequent transmission event is to
be performed for a current combined acoustic line
signal additionally when the input receiver receives a
user instruction to determine the number of transmis-
sions performed to generate the current combined
acoustic line signal.

18. The ultrasound signal processing device of claim 1,

wherein

the transmitter transmits plane wave ultrasound beams
each with a wavefront perpendicular to the ultrasound
beam travel direction.

19. An ultrasound diagnostic device comprising:

an ultrasound probe; and

an ultrasound signal processing device that performs
multiple transmission events of transmitting non-fo-
cused ultrasound beams to a subject by using an
ultrasound probe having multiple transducets, that pet-
forms, for each of the transmission events, reception of
ultrasound reflection from the subject and generation of
an acoustic line signal based on the ultrasound reflec-
tion, and that combines acoustic line signals for the
respective transmission events to generate a combined
acoustic line signal,

the ultrasound signal processing device comprising ultra-
sound signal processing circuitry configured to operate
as:

a transmitter that varies ultrasound beam travel direction
between transmission events and performs each trans-
mission event by causing the ultrasound probe to
transmit an ultrasound beam traveling to an inside of
the subject;

a reception processor that generates an acoustic line signal
for each transmission event that is performed by gen-
erating reception signal sequences for transducers
based on ultrasound reflection that the ultrasound probe
receives from a target region inside the subject and
performing delay-and-summing using the reception
signal sequences;

a combiner that generates an intermediate combined
acoustic line signal by combining, based on measure-
ment points in the target region, acoustic line signals
corresponding to the first to latest transmission events
performed for a current combined acoustic line signal;

an evaluator that judges whether a subsequent transmis-
sion event is to be performed for the current combined
acoustic line signal by calculating an evaluation value
from an energy value of the intermediate combined
acoustic line signal and judging whether the evaluation
value satisfies a predetermined condition; and

an outputter that outputs the intermediate combined
acoustic line signal as the current combined acoustic
line signal once the evaluator judges that a subsequent
transmission event is not to be performed for the
current combined acoustic line signal.

20. An ultrasound signal processing method of (i) per-
forming multiple transmission events of transmitting non-
focused ultrasound beams to a subject by using an ultra-
sound probe having multiple transducers, (ii) performing,
for each of the transmission events, reception of ultrasound
reflection from the subject and generation of an acoustic line
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signal based on the ultrasound reflection, and (iii) combining
acoustic line signals for the respective transmission events to
generate a combined acoustic line signal, the ultrasound
signal processing method comprising:
varying ultrasound beam travel direction between trans-
mission events and performing each transmission event
by causing the ultrasound probe to transmit an ultra-
sound beam traveling to an inside of the subject;
generating an acoustic line signal for each transmission
event that is performed by generating reception signal
sequences for transducers based on ultrasound reflec-
tion that the ultrasound probe receives from a target
region inside the subject and performing delay-and-
summing using the reception signal sequences;
generating an intermediate combined acoustic line signal
by combining, based on measurement points in the
target region, acoustic line signals corresponding to the
first to latest transmission events performed for a
current combined acoustic line signal,
judging whether a subsequent transmission event is to be
performed for the current combined acoustic line signal
by calculating an evaluation value from an energy
value of the intermediate combined acoustic line signal
and judging whether the evaluation value satisfies a
predetermined condition; and
outputting the intermediate combined acoustic line signal
as the current combined acoustic line signal once a
judgment is made that a subsequent transmission event
is not to be performed for the current combined acous-
tic line signal.
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