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ULTRASOUND DIAGNOSTIC APPARATUS
AND AN ULTRASOUND SIGNAL
PROCESSING METHOD

[0001] The entire disclosure of Japanese patent Applica-
tion No. 2017-085699, filed on Apr. 24, 2017, is incorpo-
rated herein by reference in its entirety.

BACKGROUND

Technological Field

[0002] The present disclosure relates to an ultrasound
signal processing method and an ultrasound diagnostic appa-
ratus using the ultrasound signal processing method, and
particularly relates to a receive beamforming processing
method in an ultrasound signal processing method.

Description of the Related Art

[0003] The ultrasound diagnostic apparatus transmits
ultrasound waves to the inside of a subject from the ultra-
sound probe, receives a reflected wave of the ultrasound
wave generated from a difference in acoustic impedance in
the tissue of the subject, generates an ultrasound tomo-
graphic image illustrating the shape of an internal tissue of
the subject on the basis of an obtained electric signal and
displays the image.

[0004] A conventional ultrasound diagnostic apparatus
uses a method referred to as a delay-and-sum (delay-and-
sum) method as a receive beamforming method based on a
received reflected wave (for example, Masayasu Ito,
Tsuyoshi Mochizuki, “Ultrasound diagnostic apparatus”
published by Corona Publishing Co., Ltd., Aug. 26, 2002
(P42-P45)). This method transmits ultrasound beams from a
plurality of transducers so as to focus at a certain depth of
the subject to generate an acoustic line signal on a central
axis of the ultrasound beam. This leads to a problem of low
utilization efficiency of ultrasound waves applied on por-
tions other than the central axis and low spatial resolution
and signal S/N ratio of the acoustic line signal obtained
outside the vicinity of the transmission focal point.

[0005] To overcome this, there is a proposed method of a
receive beamforming method using a synthetic aperture
method to obtain a high quality image with high spatial
resolution even in a region other than the vicinity of the
transmission focal point (refer to “Virtual ultrasound sources
in high resolution ultrasound imaging”, S. I. Nikolov and J.
A. Jensen, in Proc, SPIE—Progress in biomedical optics and
imaging, vol. 3, 2002, P. 395-405, for example). The syn-
thetic aperture method can be applied to perform delay
control taking account of both a propagation path of an
ultrasound transmission wave and an arrival time of the
reflected wave to the transducer by the propagation path,
making it possible to generate an acoustic line signal for an
entire ultrasound main irradiation region including portions
other than the vicinity of the transmission focal point with
one ultrasound transmission. Furthermore, the synthetic
aperture method is capable of enhancing spatial resolution
and the S/N ratio by superimposing a plurality of acoustic
line signals for a same observation point obtained from a
plurality of times of ultrasound transmissions.

[0006] In the synthetic aperture method, however, an
increase in the area of the target region where the acoustic
line signal is generated by one ultrasound transmission also
increases the number of observation points in the region,

Oct. 25,2018

leading to an increase in the computation amount in the
delay-and-sum, in the memory capacity needed for storing
the data of the acoustic line signal after the delay-and-sum,
and in the data transmission capability needed for transfer-
ring the data of the acoustic line signal. This generates a
need to provide hardware with high computation processing
capability, larger memory capacity for storing the acoustic
line signal, and enhanced data transmission capability for
transfer in order to perform the arithmetic processing of the
delay-and-sum at high speed, leading to a problem of an
increase in the cost of the ultrasound diagnostic apparatus.

SUMMARY

[0007] The present disclosure has been made in view of
the above-described problem, and an object thereof is to
provide an ultrasound signal processing method and an
ultrasound diagnostic apparatus using the ultrasound signal
processing method capable of reducing the computation
amount of the delay-and-sum and the data amount of the
acoustic line signal to be generated while suppressing the
degradation of the spatial resolution and the S/N ratio,
capable of downscaling the necessary internal memory
capacity and data transmission capability in a receive beam-
former of the ultrasound diagnostic apparatus.

[0008] To achieve the abovementioned object, according
to an aspect of the present invention, an ultrasound diag-
nostic apparatus that transmits an ultrasound beam to a
subject using an ultrasound probe including a plurality of
transducers and generates acoustic line signal subframe data
on the basis of a reflected wave obtained from the subject,
reflecting one aspect of the present invention comprises: a
transmitter that sets a focal point defining a converging point
of an ultrasound beam in the subject and causes a plurality
of transmission transducer arrays selected from the plurality
of transducers to transmit the ultrasound beam to converge
at the converging point; a receiver that generates a reception
signal sequence for each of the transducers of the ultrasound
probe on the basis of the reflected wave received by the
ultrasound probe from the subject; and a delay-and-sum part
that performs delay-and-sum operation on the reception
signal sequence based on the reflected wave obtained within
an ultrasound beam main irradiation region to generate
acoustic line signal subframe data for a plurality of on-line
observation points present in a target line group passing
through the focal point among a plurality of intra-region
observation points corresponding to the position within the
ultrasound beam main irradiation region, wherein the
receiver includes a plurality of part receivers that generates
the reception signal sequence on the basis of the reflected
wave received by each of the transducers included in a
partial transducer array from the subject for each of a
plurality of the partial transducer arrays obtained by dividing
the transmission transducer array, the delay-and-sum part
includes: a plurality of part delay-and-sum parts that per-
forms delay-and-sum on the reception signal sequence cor-
responding to the plurality of partial transducer arrays to
generate an acoustic line signal for the plurality of on-line
observation points so as to generate acoustic line signal
partial subframe data corresponding to each of the plurality
of partial transducer arrays; a plurality of part folding parts
that extracts an acoustic line signal sequence corresponding
to the plurality of on-line observation points from the
acoustic line signal partial subframe data corresponding to
each of the plurality of partial transducer arrays, and that
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arranges the acoustic line signals with reduced intervals
between the target lines included in the target line group to
generate acoustic line signal partial subframe folded data; a
main summing part that sums the acoustic line signal partial
subframe folded data corresponding to each of the plurality
of partial transducer arrays on the basis of the positions of
the arranged observation points to generate acoustic line
signal subframe folded data; and a re-sequence part that
re-sequences the acoustic line signals in the acoustic line
signal subframe folded data to the positions of the on-line
observation points in the main irradiation region to generate
the acoustic line signal subframe data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0010] FIG. 1 is a functional block diagram illustrating a
configuration of an ultrasound diagnostic apparatus accord-
ing to an embodiment;

[0011] FIG. 2 is a schematic diagram illustrating a propa-
gation path of an ultrasound transmission wave by a transmit
beamformer unit;

[0012] FIG. 3 is a functional block diagram illustrating a
configuration of a receive beamformer unit;

[0013] FIG. 4 is a functional block diagram illustrating a
configuration of a receiver and a delay-and-sum part;
[0014] FIGS. 5A and 5B are schematic diagrams illustrat-
ing an outline of a method of generating an acoustic line
signal in the receive beamformer unit;

[0015] FIGS. 6Ato 6C are schematic diagrams illustrating
an outline of division processing on a part receiver, a part
receiver of the delay-and-sum part, and a part delay-and-sum
part when a division number n of a partial transducer array
is two; FIG. 6D is a schematic diagram illustrating an outline
of generation of acoustic line signal subframe data ds_sf;
[0016] FIG. 7 is a functional block diagram illustrating a
configuration of the part delay-and-sum part according to the
embodiment;

[0017] FIG. 8 is a schematic diagram illustrating a target
line group Bx;
[0018] FIG. 9 is a schematic diagram illustrating a rela-

tionship between a receive aperture Rx and a transmit
aperture Tx set by a receive aperture setting unit;

[0019] FIGS. 10A and 10B are schematic diagrams illus-
trating propagation paths of ultrasound waves reaching a
reception transducer Rk from the transmit aperture Tx via an
observation point Pij;

[0020] FIG. 11 is a functional block diagram illustrating a
configuration of a part folding part according to the embodi-
ment;

[0021] FIGS. 12A to 12D are explanatory diagrams illus-
trating operation of the part folding part;

[0022] FIG. 13 is an explanatory diagram illustrating
operation of a re-sequence part;

[0023] FIG. 14 is a functional block diagram illustrating a
configuration of a combiner according to the embodiment;
[0024] FIG. 15 is a schematic diagram illustrating pro-
cessing of combining combined acoustic line signals in the
summing processing unit;
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[0025] FIGS. 16A and 16B are schematic diagrams
respectively illustrating the maximum number of superim-
positions in the combined acoustic line signals and an
outline of amplification processing in an amplification pro-
cessing unit;

[0026] FIGS. 17A and 17B are flowcharts illustrating
beamforming processing operation according to the embodi-
ment;

[0027] FIG. 18 is a flowchart illustrating details of step
5224 in FIG. 17A;

[0028] FIG. 19 is a schematic diagram illustrating acoustic
line signal generating operation on an observation point Pij;
[0029] FIG. 20 is a flowchart illustrating details of step
S240 in FI1G. 17B;

[0030] FIG. 21 is a flowchart illustrating details of step
S270 in FIG. 17B;

[0031] FIGS. 22A to 22C are ultrasound images obtained
by receive beamforming of the example and comparative
example 1;

[0032] FIG. 23 is a schematic mounting view of the
receive beamformer unit in the ultrasound diagnostic appa-
ratus according to the embodiment;

[0033] FIG. 24 is a schematic mounting view of the
receive beamformer unit in an ultrasound diagnostic appa-
ratus according to another example; and

[0034] FIG. 25 is a schematic diagram illustrating acoustic
line signal generating operation on the observation point Pij
in the receive beamformer unit according to a comparative
example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

Background of Detailed Description of
Embodiments

[0036] The inventors examines various techniques to
reduce the computation amount while suppressing degrada-
tion of the spatial resolution and the S/N ratio of the acoustic
line signal on an ultrasound diagnostic apparatus using the
synthetic aperture method.

[0037] 1In typical converging transmit beamforming, a
wavefront is converged to allow an ultrasound beam to be
focused at a certain depth of the subject. Therefore, the
ultrasound wave is mainly applied to the ultrasound main
irradiation region from a plurality of transducers used for
ultrasound transmission by one transmission of ultrasound
wave. When the number of the transmission focal points is
one, the ultrasound main irradiation region is an hourglass-
shaped region surrounded by two straight lines passing
through the transmission focal point from each of the both
ends of a base with the transmission transducer array as the
base, with the wavefront being an arc shape centered on the
transmission focal point. That is, the ultrasound main irra-
diation region is converged at or in the vicinity of the focal
point at a certain depth of the focal point, while the shape at
other depths is such that the longer the distance to the focal
depth, the greater the width in a array direction.

[0038] In the synthetic aperture method, observation
points can be set for the entire region of the ultrasound main
irradiation region in one transmission event, and therefore it
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is preferable to set the entire region of the ultrasound main
irradiation region as the target region.

[0039] The number of observation points included in the
target region, however, is proportional to the area of the
target region, and thus, the computation amount of the
delay-and-sum, the memory capacity needed for storing the
acoustic line signal after the delay-and-sum, and the data
transmission capability needed for transferring the acoustic
line signal are inevitably proportional to the area of the
target region. Accordingly, an increase in the area of the
target region directly leads to an increase in the memory
capacity needed by the ultrasound diagnostic apparatus. In
order to suppress degradation of temporal resolution and the
usability, there is a need to provide a processor with high
processing capability, such as a high performance GPU,
capable of performing delay-and-sum computation at high
speed, leading to an increase in the cost of the ultrasound
diagnostic apparatus.

[0040] In order to reduce the computation amount, it is
conceivable to reduce the number of observation points
included in the target region. The inventors gained a concept
of setting a target line group formed with a plurality of target
lines passing through a focal point or its vicinity as a target
region to reduce the number of observation points. With this,
it is possible to achieve a configuration in which the number
and the density of the observation points in the depth
direction is maintained and the density of the observation
points is decreased in a direction perpendicular to the target
line so as to suppress reduction of the distance resolution.
Together with this, by reducing the number of observation
points to be computed, it is possible to reduce the compu-
tation amount of the delay-and-sum.

[0041] Furthermore, it is conceivable to reduce the hard-
ware cost through distributed processing of the delay-and-
sum processing. In that case, there is a need to reduce the
computation amount per arithmetic unit by distributing the
delay-and-sum processing to a plurality of arithmetic units.
For example, there is a conceivable method of dividing a
plurality of transducer arrays arranged in an ultrasound
probe into a plurality of partial transducer arrays, performing
preceding-stage delay-and-sum processing on the basis of a
reception signal obtained for each of the partial transducer
arrays, and combining acoustic line signals generated from
each of the delay-and-sum processing at a succeeding stage.
This configuration makes it possible to achieve a hardware
configuration by using, for example, a plurality of small-
scale field programmable gate arrays (FPGAs) in each of the
preceding-stage delay-and-sum processing and the succeed-
ing-stage combining processing corresponding to each of the
partial transducer arrays, leading to drastic reduction of the
cost of the arithmetic unit in the hardware. That is, it is
possible to avoid cost increase caused by a large computa-
tion scale in a case of implementing functions by intensive
processing using a single FPGA or the like. In other words,
hardware such as an FPGA enabling large-scale computation
is very expensive, and thus, cost can be reduced by dividing
the same computation amount into a plurality of integrated
circuits to be processed.

[0042] Inacase, however, where processing is divided and
implemented by a plurality of integrated circuits, there is a
need to perform data transfer between the integrated circuits.
Because of large amount of data transfer, it would be difficult
to implement data transfer operation with inexpensive hard-
ware even though the total computation amount can be
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covered. More specifically, the memory capacity needed for
temporarily storing the acoustic line signal obtained by the
preceding-stage delay-and-sum and the data transmission
capability necessary for transferring the acoustic line signal
from the preceding-stage processing to the succeeding-stage
processing would be rate-determining in cost reduction. In
order to reduce these, it is insufficient to reduce the number
of observation points to be computed, and there is a need to
downscale the geometric data amount of the acoustic line
signal after the delay-and-sum.

[0043] Therefore, the inventors have made an earnest
study on a method capable of downscaling the geometric
data amount of the acoustic line signal without accompa-
nying a special computation load, so as to achieve the
following embodiments.

[0044] Hereinafter, an ultrasound image processing
method according to the embodiments and an ultrasound
diagnostic apparatus using the same will be described in
detail with reference to the drawings.

EMBODIMENTS
[0045] 1. Overall Configuration
[0046] Hereinafter, an ultrasound diagnostic apparatus

100 according to an embodiment will be described with
reference to the drawings.

[0047] FIG. 1 is a functional block diagram illustrating a
configuration of the ultrasound diagnostic apparatus 100
according to the embodiment. As illustrated in FIG. 1, the
ultrasound diagnostic system 1000 includes: an ultrasound
probe 101 (hereinafter referred to as “probe 101”) having a
plurality of transducers 101a that transmits ultrasound
waves toward a subject and receives the reflected waves; an
ultrasound diagnostic apparatus 100 that causes the probe
101 to transmit and receive ultrasound waves and generates
an ultrasound image on the basis of an output signal from the
probe 101; and a display unit 106 that displays the ultra-
sound image on a screen. The probe 101 and the display unit
106 are each configured to be connectable to the ultrasound
diagnostic apparatus 100. FIG. 1 illustrates a state in which
the probe 101 and the display unit 106 are connected to the
ultrasound diagnostic apparatus 100. Note that the probe 101
and the display unit 106 may be provided inside the ultra-
sound diagnostic apparatus 100.

[0048] 2. Configuration of Ultrasound Diagnostic Appa-
ratus 100
[0049] The ultrasound diagnostic apparatus 100 includes:

a multiplexer unit 102 that selects transducers to be used for
transmission or reception among the plurality of transducers
101a of the probe 101 and ensures input and output to the
selected transducers; a transmit beamformer unit 103 that
controls a timing of application of a high voltage to each of
the transducers 101a of the probe 101 in order to perform
transmission of ultrasound waves transmitted from the probe
101; and a receive beamformer unit 104 that performs, on
the basis of the reflected wave of the ultrasound waves
received by the probe 101, amplification of an electrical
signal obtained by the plurality of transducers 101a, A/D
conversion, and generation of an acoustic line signal by
applying receive beamforming on the signal. The ultrasound
diagnostic apparatus 100 further includes: an ultrasound
image generator 105 that generates an ultrasound image
(B-mode image) on the basis of an output signal from the
receive beamformer unit 104; a data storage 107 that stores
the acoustic line signal output from the receive beamformer
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unit 104 and the ultrasound image output by the ultrasound
image generator 105; and a control unit 108 that controls
each of the constituents.

[0050] Among these components, the multiplexer unit
102, the transmit beamformer unit 103, the receive beam-
former unit 104, and the ultrasound image generator 105
constitute an ultrasound signal processing apparatus 150.
[0051] Each of the elements constituting the ultrasound
diagnostic apparatus 100, for example, the multiplexer unit
102, the transmit beamformer unit 103, the receive beam-
former unit 104, the ultrasound image generator 105, and the
control unit 108 are implemented by a hardware circuit such
as a field programmable gate array (FPGA) and an applica-
tion specific integrated circuit (ASIC). Alternatively, it may
be implemented by software and a programmable device
such as a processor. An example of an applicable processor
is a central processing unit (CPU) or a GPU (graphic
processing unit), and a configuration using the GPU is
referred to as a general-purpose computing on graphics
processing unit (GPGPU). These constituents can be formed
with a single circuit component or an aggregate of a plurality
of circuit components. In addition, a plurality of constituents
can be combined into a single circuit component, or a
plurality of circuit components as an aggregate.

[0052] The data storage 107 is a computer readable
recording medium, and implemented by a flexible disk, a
hard disk, an MO, a DVD, a DVD-RAM, a BD, a semicon-
ductor memory, or the like. Moreover, the data storage 107
may be a storage apparatus externally connected to the
ultrasound diagnostic apparatus 100.

[0053] 3. Configuration of Main Parts of Ultrasound Diag-
nostic Apparatus 100

[0054] The ultrasound diagnostic apparatus 100 according
to a first embodiment includes the transmit beamformer unit
103 that causes the transducers 101a of the probe 101 to
transmit ultrasound waves and the receive beamformer unit
104 that computes an electric signal obtained by reception of
the ultrasound reflected waves by the probe 101 and gener-
ates an acoustic line signal to generate an ultrasound image.
Accordingly, the present specification will mainly describe
configurations and functions of the transmit beamformer
unit 103 and the receive beamformer unit 104. Note that
configurations other than the transmit beamformer unit 103
and the receive beamformer unit 104 can be the same as
those used in known ultrasound diagnostic apparatuses, and
the beamformer units according to the present embodiment
are applicable to the beamformer units of known ultrasound
diagnostic apparatus.

[0055] Hereinafter, configurations of the transmit beam-
former unit 103 and the receive beamformer unit 104 will be
described.

[0056] 3.1 Transmit Beamformer Unit 103

[0057] The transmit beamformer unit 103 is connected to
the probe 101 via the multiplexer unit 102 and controls
high-voltage application timing for each of a plurality of
transducers included in a transmission transducer array
(transmit aperture Tx) corresponding to all or a part of a
plurality of transducers 101a selected from the plurality of
transducers 101a present on the probe 101 so as to perform
ultrasound transmission from the probe 101. The transmit
beamformer unit 103 is formed with a transmitter 1031.
[0058] Based on a transmission control signal from the
control unit 108, the transmitter 1031 performs transmission
processing of supplying a pulse-like transmission signal to
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each of the transducers included in the transmit aperture Tx
among the plurality of transducers 101a present in the probe
101, to cause the transducer to transmit the ultrasound beam.
Specifically, the transmitter 1031 includes, for example, a
clock generation circuit, a pulse generation circuit, and a
delay circuit. The clock generation circuit is a circuit that
generates a clock signal to determine the transmission
timing of the ultrasound beam. The pulse generation circuit
is a circuit for generating a pulse signal for driving each of
the transducers. The delay circuit is a circuit for setting a
delay time of the ultrasound beam transmission timing for
each of the transducers and delaying the transmission of the
ultrasound beam by the delay time to perform the focusing
of the ultrasound beam.

[0059] The transmitter 1031 repeatedly transmits ultra-
sound waves while sequentially moving the transmit aper-
ture Tx in an array direction each of ultrasound transmis-
sions, and performs ultrasound transmission from all the
transducers 101a present in the probe 101. That is, in the
present embodiment, the transmit aperture Tx moves by one
transducer for each of the ultrasound transmissions. Infor-
mation indicating the position of the transducer included in
the transmit aperture Tx is output to the data storage 107 via
the control unit 108. For example, when the total number of
transducers 101a present in the probe 101 is 192, for
example, number 20 to 100 may be selected as the number
of transducer arrays constituting the transmit aperture Tx, so
as to move the transducer by one for each of the ultrasound
transmissions. Hereinafter, the ultrasound transmission per-
formed by the transmitter 1031 from the same transmit
aperture Tx will be referred to as a “transmission event”.
[0060] FIG. 2 is a schematic diagram illustrating a propa-
gation path of the ultrasound transmission wave by the
transmit beamformer unit 103. An array (transmission trans-
ducer array) of transducers 101a arranged in an array that
contributes to ultrasound transmission in a certain transmis-
sion event is illustrated as the transmit aperture Tx. In
addition, an array length of the transmit aperture Tx is
referred to as a transmit aperture length.

[0061] The transmit beamformer unit 103 controls the
transmission timing of each of the transducers such that the
more toward the center of the transmit aperture Tx the
transducer is located, the more delayed the transmission
timing for the transducer. With this control, the ultrasound
transmission wave transmitted from the transducer array in
the transmit aperture Tx is focused at a certain point of the
wavefront at a certain depth (focal depth) of the subject, that
is, focused (converged) at a transmission focal point F.
[0062] The ultrasound beam is not necessarily focused at
one point and might be converged on a region having
focusing corresponding to 1.5 times to several times of one
transducer. In this case, the ultrasound main irradiation
region has a decreased width in the array direction down to
the focal depth, has the width of the focus region in the array
direction at the focal depth, and has an expanded shape in the
array direction again in a region deeper than the focal depth.
In this case, for the sake of convenience, a center point of the
focus region at the focal depth is defined as the “focal point”
[0063] The depth of the transmission focal point F (here-
inafter referred to as “focal depth”) can be set to any depth.
The wavefront focused at the transmission focal point F
diffuses again to allow the ultrasound transmission wave to
propagate in an hourglass-shaped space delimited by two
intersecting straight lines with the transmit aperture Tx as



US 2018/0303461 A1l

the base and the transmission focal point F as a node. That
is, the ultrasound wave emitted at the transmit aperture Tx
gradually reduces its width on the space (horizontal axis
direction in the figure), minimizes the width of the wave at
the transmission focal point F, and the wave diffuses and
propagates while increasing its width again at a deeper
(lower in the figure) point of progress of the wave. This
hourglass-shaped region is the ultrasound main irradiation
region Ax.

[0064] Note that the “ultrasound main irradiation region”
AXx represents a region where the phases of the ultrasound
waves transmitted from the individual transducers consti-
tuting the transmission transducer array are aligned at all
points within the region. As described above, the ultrasound
main irradiation region Ax may transmit the ultrasound
transmission wave so as to converge in the vicinity of the
transmission focal point F being a single point.

[0065] 3.2 Configuration of Receive Beamformer Unit
104
[0066] On the basis of the reflected wave of the ultrasound

wave received by the probe 101, the receive beamformer
unit 104 generates an acoustic line signal from an electric
signal obtained by the plurality of transducers 101a. The
“acoustic line signal” is a signal after delay-and-sum pro-
cessing has been applied on a certain observation point. The
delay-and-sum processing will be described below. FIG. 3 is
a functional block diagram illustrating a configuration of the
receive beamformer unit 104. FIG. 4 is a functional block
diagram illustrating configurations of the receiver 40 and the
delay-and-sum part 41. As illustrated in FIG. 3, the receive
beamformer unit 104 includes a receiver 40, the delay-and-
sum part 41, and a combiner 42.

[0067] Hereinafter, an outline of the configuration of indi-
vidual portions constituting the receive beamformer unit 104
will be described.

3.2.1 Receiver 40

[0068] The receiver 40 is a circuit connected to the probe
101 via the multiplexer unit 102, so as to amplify the electric
signal obtained from reception of the ultrasound reflected
wave by the probe 101 in synchronization with the trans-
mission event and thereafter generate an A/D converted
reception signal (RF signal). The receiver 40 generates a
reception signal in chronological order of the transmission
event, outputs the generated signal to the data storage 107,
and stores the reception signal in the data storage 107.
[0069] Note that the reception signal (RF signal) is a
digital signal obtained by A/D converting an electric signal
converted from the reflected ultrasound wave received by
each of the transducers, and is formed as a sequence of
signals received by each of the transducers arranged in a
transmission direction of the ultrasound waves (direction of
depth of the subject).

[0070] In the transmission event, as described above, the
transmitter 1031 causes each of the plurality of transducers
included in the transmit aperture Tx among the plurality of
transducers 101a present in the probe 101 to transmit the
ultrasound beams. In contrast, the receiver 40 generates a
sequence of the reception signals for each of the transducers
on the basis of the reflected ultrasound waves obtained by
each of the transducers corresponding to some or all of the
plurality of transducers 101a present in the probe 101 in
synchronization with the transmission event. Here, the trans-
ducer that receives the reflected ultrasound wave is referred

Oct. 25,2018

to as a “receiving transducer”. It is preferable that the
number of receiving transducers is larger than the number of
transducers included in the transmit aperture Tx. In addition,
the number of receiving transducers may be the total number
of transducers 101a present in the probe 101.

[0071] As illustrated in FIG. 4, the receiver 40 is divided
into a plurality (n) of part receivers 401_1 that generates
reception signal sequences on the basis of the reflected wave
received from the subject by each of the transducers
included in a plurality of partial transducer arrays 101a_1
(1=1 to n). The plurality of partial transducer arrays 101a_1
is obtained by dividing m transmission transducer array
1014Tx (m is a natural number larger than 1) selected from
the plurality of transducers 101a present in the probe 101
into n (n is a natural number of m or below and larger than
1). Each of the partial transducer arrays 101a_1 includes m/n
transducers. For example, the number m of the transmission
transducer arrays 101aTx may be set to 128, the number n
may be 2, and the number of transducers included in the
partial transducer array 101a_1 may be 64. In the present
specification, the part receiver 401_1 is referred to as a “part
receiver 4017 unless the order 1 needs to be distinguished.

[0072] The transmitter 1031 repeatedly transmits ultra-
sound waves while sequentially moving the transmit aper-
ture Tx in an array direction in synchronization with trans-
mission events, and performs ultrasound transmission from
all of the plurality of transducers 101a present in the probe
101. The receiver 40 generates a reception signal sequence
for each of the receiving transducers in synchronization with
the transmission event, and the generated reception signal is
stored in the data storage 107.

[0073] 3.2.2 Delay-and-Sum Part 41

[0074] The delay-and-sum part 41 is a circuit that per-
forms delay-and-sum operation on the reception signal
sequence based on the reflected wave obtained within an
ultrasound main irradiation region Ax to generate acoustic
line signal subframe data dssf for a plurality of on-line
observation points PBxij present in a target line group Bx
passing through the focal point F among a plurality of
intra-region observation points Pij corresponding to the
positions within the main irradiation region Ax of the
ultrasound beam. The details of the “target line group” will
be described below.

[0075] As illustrated in FIG. 4, the delay-and-sum part 41
includes a plurality (n) of part delay-and-sum parts 411_1
(1=1 to n), a plurality (n) of part folding parts 412_1, a main
summing part 413, and a re-sequence part 414.

[0076] 3.2.2.1 Part Delay-and-Sum Part 411
[0077] (1) Outline
[0078] As illustrated in FIG. 4, the part delay-and-sum

part 411 applies delay-and-sum on the reception signal
sequences corresponding to the plurality of partial trans-
ducer arrays 101a_1 input from the plurality (n) of part
receivers 401_1, respectively, to generate an acoustic line
signal for the plurality of on-line observation points PBxij.
Each of the plurality (n) of part delay-and-sum parts 411_1
generates acoustic line signal partial subframe data ds_1 for
all the observation points PBxij on the target line group Bx
among the plurality of intra-region observation points Pij,
corresponding to each of the plurality of partial transducer
arrays 101a_1. In the present specification, the part delay-
and-sum part 411_1 will be referred to as a “part delay-and-
sum part 4117 unless the order 1 needs to be distinguished.
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[0079] FIGS. 5A and 5B are schematic diagrams illustrat-
ing an outline of a method of generating an acoustic line
signal in the receive beamformer unit 104. For the sake of
simplicity, the figure illustrates an exemplary case where the
transducer array (101a) is divided into two partial transducer
arrays 101a_1 and 101¢a 2, and the delay-and-sum part 41 is
formed with two part delay-and-sum parts 411_1 and 411_2.
[0080] As illustrated in FIGS. 5A and 5B, the part delay-
and-sum part 411_1 performs phase-and-sum processing on
the plurality of on-line observation points PBxij present on
the target line group Bx passing through the focal point F
among the plurality of intra-region observation points Pjj
present in the ultrasound main irradiation region Ax, as
delay-and-sum processing on the partial transducer array
101a_1. At this time, a reception signal reference range as a
target of the delay-and-sum processing by the part delay-
and-sum part 411_1 is a reception signal sequence rf based
on the reflected wave received from the subject by the array
(receive aperture Rx) of the reception transducer Rk (k is a
natural number larger than 1) included in the partial trans-
ducer array 101a_1.

[0081] The division processing in the part delay-and-sum
part 411 will be described more specifically.

[0082] 1) Generating Reception Signal Sequence Rf in
Receiver 40
[0083] FIGS. 6Ato 6C are schematic diagrams illustrating

an outline of division processing in the part receiver 401 and
the part delay-and-sum part 411 of the delay-and-sum part
41 when the division number n of the partial transducer array
101a_1is two. FIG. 6 A illustrates an acquisition range of the
reception signal sequence rf in the part receivers 401_1 and
401_2. Each of FIGS. 6B and 6C illustrates a reference
range of the reception signal sequence rf and a presence
range of the on-line observation point PBxij on which each
of acoustic line signal partial subframe data ds_1 and ds_2
should be generated in the delay-and-sum processing by the
part delay-and-sum part 411_1 and by the part delay-and-
sum part 411_2, respectively.

[0084] In the transmission event, as described above, the
transmitter 1031 sets an array of transducers corresponding
to all or a part of the plurality of transducers 101a present in
the probe 101, as the transmit aperture Tx. FIG. 6A is a state
where the transmit aperture Tx is positioned across the
partial transducer arrays 101a_1 and 101¢_2. The transmit-
ter 1031 causes each of the plurality of transducers included
in the transmit aperture Tx to transmit the ultrasound beam
so as to converge on the transmission focal point F. The
ultrasound beam is diffused after the wavefront is focused at
the transmission focal point F to allow the ultrasound main
irradiation region Ax to have an hourglass shape with the
transmit aperture Tx as an upper edge. Subsequently, a
reflected wave ec reflected by a tissue in the ultrasound main
irradiation region Ax reaches each of the transducers 101a,
and the part receivers 401_1 and 401_2 generate the recep-
tion signal sequence rf on the basis of the reflected wave ec
received by all the transducers included in the partial trans-
ducer arrays 101a_1 and 101a_2, as illustrated in FIG. 6A.
[0085] i) Generating Acoustic Line Signal Partial Sub-
frame Data Ds_1 in Part Delay-and-Sum Part 411_1
[0086] Next, as illustrated in FIG. 6B, on the basis of the
reception signal sequence rf output by the part receiver
401_1, the part delay-and-sum part 411_1 sets the receive
aperture Rx for all the on-line observation points PBxij
located on the target line group Bx included in the ultra-
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sound main irradiation region Ax and performs delay-and-
sum processing for these points. While the receive aperture
Rx will be described below, note that the receive aperture Rx
may be selected such that the array center of the transducer
array constituting the receive aperture Rx matches the
transducer closest to the on-line observation point PBxij.
[0087] For example, a receive aperture Rx (A) is selected
for an on-line observation point PBxij(A)_1 located within
the ultrasound main irradiation region Ax below the partial
transducer array 101a_1. In this case, for the on-line obser-
vation point PBxij(A)_1, delay-and-sum is performed on the
basis of the reception signal sequence rf received by the
transducer within the receive aperture Rx(A), among the
reception signal sequence rf generated by the part receiver
401_1, and acoustic line signal partial data ds_1 for the
on-line observation point PBxij(A)_1 is generated. As illus-
trated in FIG. 6B, the reception signal sequence rf received
by the transducer within the receive aperture Rx(A) and
calculated by the part receiver 401_1 is based on all trans-
ducers of the receive aperture Rx(A). Therefore, the acoustic
line signal partial data ds_1 for the on-line observation point
PBxij(A)_1 can achieve maximum signal intensity in accor-
dance with the reflectance.

[0088] In contrast, a receive aperture Rx(B) is selected for
an on-line observation point PBxij(B)_1 located within the
ultrasound main irradiation region Ax below the partial
transducer array 101a_2. In this case, for the on-line obser-
vation point PBxij(B)_1, delay-and-sum is performed on the
basis of the reception signal sequence rf received by the
transducer within the receive aperture Rx(B), among the
reception signal sequence rf generated by the part receiver
401_1, and acoustic line signal partial data ds_1 for the
on-line observation point PBxij(B)_1 is generated. As illus-
trated in FIG. 6B, the reception signal sequence rf received
by the transducer within the receive aperture Rx(B) and
calculated by the part receiver 401_1 is based on a part of the
transducers of the receive aperture Rx(B). Accordingly, the
acoustic line signal partial data ds_1 for the on-line obser-
vation point PBxij(B)_1 can achieve a low signal intensity.
[0089] In this manner, the part delay-and-sum part 411_1
generates the acoustic line signal partial subframe data ds_1
for all the on-line observation points PBxij located on the
target line group Bx on the basis of the reception signal
sequence rf output by the part receiver 401_1.

[0090] 1iii) Generating Acoustic Line Signal Partial Sub-
frame Data Ds_2 in Part Delay-and-Sum Part 411_2
[0091] As illustrated in FIG. 6C, on the basis of the
reception signal sequence rf output by the part receiver
401_2, the part delay-and-sum part 411_2 sets the receive
aperture Rx for all the on-line observation points PBxij
located on the target line group Bx and performs delay-and-
sum processing for these points.

[0092] For example, the receive aperture Rx (B) is
selected for the on-line observation point PBxij(B)_2
located below the partial transducer array 101a_2. In this
case, delay-and-sum is performed for the on-line observa-
tion point PBxij(B)_2 on the basis of the reception signal
sequence rf received by the transducer within the receive
aperture Rx(B), among the reception signal sequence rf
generated by the part receiver 401_2, and acoustic line
signal partial data ds_2 for the on-line observation point
PBxij(B)_2 is generated. As illustrated in FIG. 6C, the
reception signal sequence rf received by the transducer
within the receive aperture Rx(B) and calculated by the part
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receiver 401_2 is the reception signal sequence rf based on
most transducers of the receive aperture Rx(A). Therefore,
the acoustic line signal partial data ds_2 for the on-line
observation point PBxij(B)_2 can achieve sufficient signal
intensity.

[0093] In contrast, the receive aperture Rx(A) is selected
for the on-line observation point PBxij(A)_2 located below
the partial transducer array 101a_1. In this case, for the
on-line observation point PBxij(A)_2, delay-and-sum is
performed on the basis of the reception signal sequence rf
alone received by the transducer within the receive aperture
Rx(A), among the reception signal sequence rf generated by
the part receiver 401_2, and acoustic line signal partial data
ds_2 for the on-line observation point PBxi1j(A)_2 is gener-
ated. As illustrated in FIG. 6C, since there is no reception
signal sequence rf received by the transducer in the receive
aperture Rx(A) and calculated by the part receiver 401_2,
the acoustic line signal partial data ds_2 for the on-line
observation point PBxij(A)_2 has a signal intensity of zero.
[0094] In this manner, the part delay-and-sum part 411_2
generates the acoustic line signal partial subframe data ds_2
for all the on-line observation points PBxij located on the
target line group Bx on the basis of the reception signal
sequence rf output by the part receiver 401_2.

[0095] The delay-and-sum method in the part delay-and-
sum parts 411_1 and 411_2 is implemented by the following
equations, where a weighting coeflicient by the receiving
apodization is ap, intensity of the reception signal is rf, a
variable indicating the plurality of transducers 101a is k (k
is a natural number larger than 1).

[Mathematical Expression 1]
Rx

ds 1, j) = Z ap(k. J)>of (ks j+AjGL j, )
k

[Mathematical Expression 2]

Rx

ds 20, j) = Z aplk, )>rf(k, j+AjG j, k)
k

[0096] (2) Configuration of Components of Part Delay-
and-Sum Part 411

[0097] FIG. 7 is a functional block diagram illustrating a
configuration of the part delay-and-sum part 411. As illus-
trated in FIG. 7, the part delay-and-sum part 411 includes a
target line group setting unit 4112, a receive aperture setting
unit 4113, a transmission time calculation unit 4114, a
reception time calculation unit 4115, a delay amount calcu-
lation unit 4116, a delay processing unit 4117, a weight
calculation unit 4118, and a summing part 4119.

[0098] Hereinafter, a configuration of each of components
constituting the part delay-and-sum part 411 will be
described.

[0099] i) Target Line Group Setting Unit 4112

[0100] The target line group setting unit 4112 sets the
target line group Bx as a target of generation of the acoustic
line signal subframe data in the subject. The “target line
group” is a region on a signal where the generation of the
acoustic line signal subframe data is to be performed in the
subject in synchronization with a transmission event, and an
acoustic line signal is generated for the observation point Pjj
on the target line group Bx. The target line group Bx is set,
for convenience of calculation, as a set of observation target
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points as a target of acoustic line signal generation in
synchronization with one transmission event.

[0101] As described above, as illustrated in FIG. 4, the
part delay-and-sum part 411_1 is divided corresponding to
the plurality of partial transducer arrays 101a_1 input from
each of the plurality (n) of part receivers 401_1. Therefore,
in the present embodiment, the part delay-and-sum part
411_1 obtains the reception signal sequence rf output from
the signal sequence received by the partial transducer array
101a_1, as an input signal. However, the delay-and-sum
processing in the part delay-and-sum part 411_1 employs a
configuration of generating the acoustic line signal partial
subframe data ds_1 for all the observation points PBxij on
the target line group Bx located in the entire ultrasound main
irradiation region Ax.

[0102] As an aspect different from the present embodi-
ment, the delay-and-sum processing in the part delay-and-
sum part 411_1 may employ a configuration of generating
the acoustic line signal partial subframe data ds_1 for
observation points located within the range corresponding to
the partial transducer arrays 101a_1 among the observation
points PBxij on the target line group Bx located in the entire
ultrasound main irradiation region Ax.

[0103] Note that the “acoustic line signal subframe data”
is a set of acoustic line signals for all the observation points
Pij present in the target line group Bx generated from one
transmission event. Note that “subframe” represents a unit
obtained by one transmission event and forming a group of
signals corresponding to all the observation points Pij pres-
ent in the target line group Bx. A frame is obtained by
combining a plurality of subframes obtained at mutually
different times.

[0104] In synchronization with a transmission event, the
target line group setting unit 4112 sets the target line group
Bx on the basis of the information indicating the position of
the transmit aperture Tx obtained from the transmit beam-
former unit 103.

[0105] FIG. 8 is a schematic diagram illustrating the target
line group Bx. As illustrated in FIG. 8, the target line group
Bx is present in the ultrasound main irradiation region Ax
and includes a plurality of target lines BL1 to BL7 (here-
inafter, referred to as a “target line BL” in a case where there
is no need to distinguish between the individual target lines).
Each of the target lines is a straight line passing through the
focal point F or its vicinity. Note that the target lines BL.1
and BL7 correspond to the outline of the ultrasound main
irradiation region Ax, and the target line BL4 presents on the
central axis of the transmit aperture Tx. For the sake of
convenience, it is assumed herein that the outline of the
ultrasound main irradiation region Ax includes two lines,
namely, a straight line passing through one end of the
transmit aperture Tx and the focal point F, and a straight line
passing through the other end of the transmit aperture Tx and
the focal point F. Moreover, angles formed by adjacent target
lines are substantially equal to each other in each of the
target lines BL1 to BL7. That is, the observation points
present on the circular arc centered on the focal point F are
arranged at equal intervals. Moreover, for example, in a case
where i is a variable indicating an identification number of
the target line and j is a variable indicating the position along
the target line, unless a distance between Pij and the focal
point F is below a predetermined distance, a distance dj
between adjacent observation points Pij and Pi (j+1) on a
same target line BL2 is shorter than a distance di between the
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observation points Pij and P (i+1) j on the adjacent target
lines BL.2 and BL3, respectively. The distance dj is at least
twice the distance di, preferably 4 or more times, more
preferably 8 times or more. With this configuration, the
observation points are uniformly arranged in the substantial
entire region of the ultrasound main irradiation region Ax
such that the observation points are arranged in high density
in the depth direction while the observation points are
arranged in lower density in a direction in which the
transducers are arranged (circumferential direction around
the focal point F). Note that the predetermined distance
means a range in which the distance between the point on the
target line and the point on the target line adjacent to the
target line is smaller than the interval between the observa-
tion points along the target line. For example, in a case
where an angle formed by adjacent target lines is 6, the
predetermined distance dp satisfies the following expres-
sion.

di=2-dp-sin(6/2)

[0106] Note that the shape of the target line group Bx is
not limited to the above-described case, and may be deter-
mined such that the distances of the positions coming in
contact with the transmission transducer array in each of the
target lines BL1 to BL7 are equal. In addition, while the
target line group Bx includes seven target lines in this
example, the number of target lines may be set to any
number as long as it is within a range of 3 or more. In
addition, while an explanation is given by using odd num-
bers in this example for the sake of simplicity, the number
of target lines is of course not limited to odd numbers.

[0107] Inaddition, while each of the observation points Pjj
is present on the target line group Bx, a part or all of
observation points may be set to a position close to the target
line, for example. For example, when i1 and j are variables
indicating orthogonal coordinates, the observation point Pij
can be defined as a point present on a grid in the orthogonal
coordinates defined by the direction (x-direction) in which
the transducers are arranged and the depth direction (z-di-
rection), with the center of each of the transducers being
defined as a grid. With this configuration, there is always a
transducer with a same x-coordinate for each of the obser-
vation points Pij, leading to enhancement of acoustic line
signal quality. In this case, since the target line is not
necessarily parallel to the z-direction, the target line does not
necessarily pass through the grid at a position where the
observation point is to be provided in some cases. In such a
case, the observation point is not directly above the target
line but on a grid close to the target line. For example, the
coordinates of the observation points to be provided on the
target line are rounded such as rounding off at a predeter-
mined number of digits, thereby defining the actual coordi-
nates of the observation points. Specifically, observation
points are determined as follows. In a direction in which the
transducers are aligned (x direction), the number of trans-
ducers of the probe is 192, the position of the transducer at
one end of the transducer array of the probe is x=0, and the
position of the transducer at the other end is x=191. In the
depth direction, the position of the transducer array is set to
z=0, and the deepest point by one transducer of the probe is
set to z=1. When the target line passing through the coor-
dinates (31, 0) is set with the coordinates of the focal point
F as (64, 1000), the target line is represented by the
following mathematical expression.
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2=(1000/33)-(x-31)

[0108] At this time, for example, in case of arranging an
observation point at a depth of z=1500, the coordinates
would be (80.5, 1500). In this case, the observation point
may be (81, 1500). With this configuration, it is possible to
define the transducer with x=81 as a reference in the
delay-and-sum, and it is possible to enhance the quality of
the acoustic line signal. The position at which the observa-
tion point is actually provided is not limited to the above-
described case, and the position may be any position as long
as the observation point to be provided on the target line
group Bx is obtained by rounding a coordinate value to
define a computationally preferable close point as the actual
observation point.

[0109] The set target line group Bx is output to the
transmission time calculation unit 4114, the reception time
calculation unit 4115, and the delay processing unit 4117,
[0110] ii) Receive Aperture Setting Unit 4113

[0111] The receive aperture setting unit 4113 is a circuit
that selects a transducer array (reception transducer array)
corresponding to a part of the plurality of transducers
present in the probe 101 as a reception transducer to set the
receive aperture Rx on the basis of a control signal from the
control unit 108 and information indicating the position of
the transmit aperture Tx from the transmit beamformer unit
103. Note that the “receive aperture Rx” is an array of
transducers that have received the reception signal sequence
as a target of delay-and-sum in order to generate the acoustic
line signal of the on-line observation point PBxij. In the
present embodiment, the receive aperture setting unit 4113
selects the receive aperture Rx transducer array such that the
array center matches a transducer Xk that is spatially closest
to the observation point Pij. FIG. 9 is a schematic diagram
illustrating a relationship between the receive aperture Rx
and the transmit aperture Tx set by the receive aperture
setting unit 4113. As illustrated in FIG. 9, the receive
aperture Rx transducer array is selected such that the array
center of the receive aperture Rx transducer array matches
the transducer Xk which is spatially closest to the observa-
tion point Pij. Accordingly, the position of the receive
aperture Rx is determined by the position of the observation
point Pij, and does not change on the basis of the position of
the transmit aperture Tx varying in synchronization with the
transmission event. That is, even in different transmission
events, in the processing of generating the acoustic line
signals for the observation points Pij located at the same
position, delay-and-sum is performed on the basis of the
reception signals obtained by the reception transducers Rk
within the same receive aperture Rx.

[0112] Moreover, in order to receive reflected waves from
the entire ultrasound main irradiation region Ax, the number
of transducers included in the receive aperture Rx is pref-
erably be set to the number of transducers included in the
transmit aperture Tx in the corresponding transmission
event, or more. The number of transducer arrays constituting
the receive aperture Rx may be 32, 64, 96, 128, 192, or the
like, for example.

[0113] The setting of the receive aperture Rx is performed
at least as many times as the transmission event, correspond-
ing to the transmission event. In addition, the setting of the
receive aperture Rx may be performed progressively in
synchronization with the transmission event, or may be
performed after completion of all transmission events, or the
setting of the receive aperture Rx corresponding to each of
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the transmission events may be performed collectively for
the number of times of transmission events.

[0114] Information indicating the position of the selected
receive aperture Rx is output to the data storage 107 via the
control unit 108.

[0115] The data storage 107 outputs the information indi-
cating the position of the receive aperture Rx and the
reception signal corresponding to the reception transducer to
the transmission time calculation unit 4114, the reception
time calculation unit 4115, the delay processing unit 4117,
and the weight calculation unit 4118.

[0116]

[0117] The transmission time calculation unit 4114 is a
circuit that calculates a transmission time when the trans-
mitted ultrasound wave reaches the observation point Pij in
the subject. Corresponding to the transmission event, the
transmission time calculation unit 4114 calculates a trans-
mission time when the transmitted ultrasound wave reaches
a certain observation point Pij in the subject, the observation
point Pij being present on the target line group Bx, on the
basis of information indicating the position of the transducer
included in the transmit aperture Tx obtained from the data
storage 107 and information indicating the position of the
target line group Bx including the ultrasound main irradia-
tion region Ax obtained from the target line group setting
unit 4112.

[0118] FIGS. 10A and 10B are schematic diagrams illus-
trating propagation paths of an ultrasound wave emitted
from the transmit aperture Tx, reflected on the observation
point Pij at a certain position on the target line group Bx to
reach the reception transducer Rk located within the receive
aperture Rx. FIG. 10A illustrates a case where the depth of
the observation point Pij is the focal depth or more, and FIG.
10B illustrates a case where the observation point Pij is less
deep than the focal depth.

[0119] The transmission wave emitted from the transmit
aperture Tx passes through the path 401 and the wavefront
converges at the transmission focal point F and diffuses
again. The transmission wave reaches the observation point
Pij in the middle of converging or diffusing, and generates
a reflected wave in a case where the acoustic impedance is
changed at the observation point Pij. The reflected wave
returns to the reception transducer Rk within the receive
aperture Rx in the probe 101. Since the transmission focal
point F is defined as a design value of the transmit beam-
former unit 103, the length of the path 402 between the
transmission focal point F and the certain observation point
Pij can be geometrically calculated.

[0120] The method of calculating the transmission time
will be described in more detail below.

[0121] First, the method in a case where the depth of the
observation point Pij is the focal depth or more will be
described with reference to FIG. 10A. When the depth of the
observation point Pijj is the focal depth or more, calculation
is performed assuming that the transmission wave emitted
from the transmit aperture Tx has reached the transmission
focal point F via a path 401, and reached the observation
point Pij from the transmission focal point F via the path
402. Accordingly. the sum of the time of passing of the
transmission wave through the path 401 and the time of
passing through the path 402 is the transmission time. As a
specific calculation method, for example, the transmission
time can be obtained by dividing a total path length obtained

iii) Transmission Time Calculation Unit 4114
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by summing the length of the path 401 and the length of the
path 402 by a propagation speed of the ultrasound wave in
the subject.

[0122] In contrast, a case where the observation point Pijj
is less deep than the focal depth will be described with
reference to FIG. 10B. When the observation point Pij is less
deep than the focal depth, calculation is performed assuming
that a time point at which the transmission wave emitted
from the transmit aperture Tx reaches the transmission focal
point F via the path 401 is equal to a time point at which the
transmission wave reaches the transmission focal point F
from the observation point Pij via the path 402 after arrival
of the wave at the observation point Pij via a path 404. That
is, the value obtained by subtracting the time that the
transmission wave passes through the path 402 from the
time that the transmission wave passes through the path 401
is the transmission time. As a specific calculation method,
for example, the transmission time can be obtained by
dividing a total path length obtained by subtracting the
length of the path 402 from the length of the path 401 by a
propagation speed of the ultrasound wave in the subject.
[0123] The transmission time in a case where the obser-
vation point Pij is the focal depth is calculated with the same
calculation method as in a case where the observation point
Pij is deeper than the focal depth, that is, the method of
adding the time that the transmission wave passes through
the path 401 and the time that the wave passes through the
path 402. Still, the time may be calculated with the same
calculation method as in a case where the observation point
Pij is less deep than the focal depth, that is, the method of
subtracting the time that the transmission wave passes
through the path 402 from the time that the wave passes
through the path 401. This is because the length of the path
402 becomes 0, and the time matches the time of passing
through the path 401 by any of the calculation methods.
[0124] The transmission time calculation unit 4114 calcu-
lates the transmission time when the transmitted ultrasound
waves reach the observation point Pij in the subject with
respect to all the observation points Pij on the target line
group Bx for one transmission event, and outputs the cal-
culated time to the delay amount calculation unit 4116.
[0125] iv) Reception Time Calculation Unit 4115

[0126] The reception time calculation unit 4115 is a circuit
that calculates the reception time when the reflected wave
from the observation point P reaches each of the reception
transducers Rk included in the receive aperture Rx. Corre-
sponding to the transmission event, the reception time
calculation unit 4115 calculates a reception time when the
transmitted ultrasound wave reaches each of the reception
transducers Rk of the receive aperture Rx after being
reflected on a certain observation point Pij in the subject, the
observation point Pij being present on the target line group
Bx, on the basis of information indicating the position of the
reception transducer Rk obtained from the data storage 107
and information indicating the position of the target line
group Bx obtained from the target line group setting unit
4112.

[0127] As described above, the transmission wave that has
reached the observation point Pij generates a reflected wave
in a case where the acoustic impedance is changed at the
observation point Pij. The reflected wave returns to the
reception transducer Rk within the receive aperture Rx in the
probe 101. Since the position information of each of the
reception transducers Rk within the receive aperture Rx is
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obtained from the data storage 107, the length of the path
403 from a certain observation point Pij to each of the
reception transducers Rk can be geometrically calculated.
[0128] The reception time calculation unit 4115 calculates
the reception time when the transmitted ultrasound waves
reach each of the reception transducer Rk after being
reflected on the observation points Pij for all the observation
points Pij present on the target line group Bx for one
transmission event, and outputs the calculated time to the
delay amount calculation unit 4116.

[0129] v) Delay Amount Calculation Unit 4116

[0130] The delay amount calculation unit 4116 is a circuit
that calculates the total propagation time to reach each of the
reception transducers Ri within the receive aperture Rx on
the basis of the transmission time and the reception time and
that calculates a delay time to be applied to a reception
signal sequence corresponding to each of the reception
transducers Rk on the basis of the total propagation time.
The delay amount calculation unit 4116 obtains the trans-
mission time when the ultrasound wave transmitted from the
transmission time calculation unit 4114 reaches the obser-
vation point Pij and the reception time when the ultrasound
wave reflected by the observation point Pij reaches each of
the reception transducers Rk. The delay amount calculation
unit 4116 subsequently calculates the total propagation time
until the transmitted ultrasound wave reaches each of the
reception transducers Rk, and then calculates the delay
amount for each of the reception transducers Rk on the basis
of the difference in the total propagation time for each of the
reception transducers Rk. The delay amount calculation unit
4116 calculates the delay amount to be applied to the
reception signal sequence for each of the reception trans-
ducers Ri on all the observation points Pij present on the
target line group Bx, and outputs the delay amount to the
delay processing unit 4117.

[0131] vi) Delay Processing Unit 4117

[0132] The delay processing unit 4117 is a circuit that
identifies a reception signal corresponding to a delay amount
for each of the reception transducers Rk from a sequence of
reception signals for the reception transducers Rk in the
receive aperture Rx as a reception signal corresponding to
the reception transducer Rk based on the reflected ultra-
sound wave from the observation point Pjj.

[0133] Corresponding to the transmission event, the delay
processing unit 4117 obtains, as inputs: information indi-
cating the position of the reception transducer Rk from the
receive aperture setting unit 4113; a reception signal corre-
sponding to the reception transducer Rk from the data
storage 107; information indicating the position of the target
line group Bx obtained from the target line group setting unit
4112; and the delay amount to be applied to the reception
signal sequence for each of the reception transducers Rk
from the delay amount calculation unit 4116. The delay
processing unit 4117A subsequently identifies the reception
signal corresponding to the time obtained by subtracting the
delay amount for each of the reception transducers Rk from
the reception signal sequence corresponding to each of the
reception transducers Rk as the reception signal based on the
reflected wave from the observation point Pij, and outputs
the signal to the summing part 4119.

[0134] vii) Weight Calculation Unit 4118

[0135] The weight calculation unit 4118 is a circuit that
calculates a weighted numerical sequence (reception
apodization) for each of the reception transducers Rk so as

Oct. 25,2018

to maximize the weight for the transducer positioned at the
center in the array direction of the receive aperture Rx.

[0136] As illustrated in FIG. 9, the weighted numerical
sequence is a sequence of weighting coeflicients to be
applied to the reception signal corresponding to each of the
transducers in the receive aperture Rx. The weighted
numerical sequence has a symmetric distribution around the
transmission focal point F as a center. The shape of the
distribution of the weighted numerical sequence may be a
hamming window, a hanning window, a rectangular window
or the like, and the shape of the distribution is not particu-
larly limited. The weighted numerical sequence is set to
maximize the weight for the transducer located at the center
of the receive aperture Rx in the array direction, and the
central axis of the weight distribution matches a receive
aperture central axis Rxo, with the distribution having a
symmetric shape with respect to the central axis. The weight
calculation unit 4118 calculates a weighted numerical
sequence for each of the reception transducers Rk as infor-
mation indicating the position of the reception transducer Rk
output from the receive aperture setting unit 4113 as an
input, and outputs the result to the summing part 4119.
[0137] viii) Summing Part 4119

[0138] The summing part 4119 is a circuit that sums the
reception signals identified corresponding to each of the
reception transducers Rk output from the delay processing
unit 4117 as inputs to generate a delay-and-summed acoustic
line signals for the observation point Pij. Alternatively, it is
allowable to provide a configuration of obtaining a sum by
using a weighted numerical sequence for each of the recep-
tion transducers Rk output from the weight calculation unit
4118 as an input, and by multiplying the identified reception
signal corresponding to each of the reception transducers Rk
by the weight for each of the reception transducers Rk to
generate the acoustic line signal for the observation point
Pij. With a configuration to employ the processing by the
delay processing unit 4117 to phase the reception signals
detected by the individual reception transducers Rk located
in the receive aperture Rx and then employ the summing
processing by the summing part 4119, it is possible to
superimpose the reception signals received by the individual
reception transducers Rk with each other to increase the
signal S/N ratio on the basis of the reflected wave from the
observation point Pij, enabling extraction of the reception
signal from the observation point Pij.

[0139] With the processing of one transmission event and
the associated processing by the part delay-and-sum part
411_1, it 1s possible to generate the acoustic line signal
partial subframe data ds_1 for all the observation points
PBxij on the target line group Bx among the plurality of
intra-region observation points Pij located in the entire
ultrasound main irradiation region Ax corresponding to each
of the plurality of partial transducer arrays 101a_1.

[0140] 3.2.2.2 Part Folding Part 412

[0141] The part folding part 4121 is a circuit that uses the
acoustic line signal partial subframe data ds_1 correspond-
ing to each of the plurality of partial transducer arrays
101a_1 generated by the part delay-and-sum part 411_1 as
an input to arrange the acoustic line signal ds (i, j) for the
plurality of on-line observation points PBxij with reduced
intervals between the target lines BL constituting the target
line group BX so as to generate acoustic line signal partial
subframe folded data dsc_1s.
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[0142] FIG. 11 is a functional block diagram illustrating a
configuration of the part folding part 412 according to the
embodiment. As illustrated in FIG. 11, the part folding part
412 includes an on-line observation point acoustic line
signal extraction unit 4121, a sequence determination part
4122, and a target line sequence unit 4123.

[0143] 1) On-Line Observation Point Acoustic Line Signal
Extraction Unit 4121

[0144] The on-line observation point acoustic line signal
extraction unit 4121 extracts the acoustic line signal ds (i, j)
for the on-line observation point PBxij using the acoustic
line signal partial subframe data ds_1 as an input.

[0145] FIGS. 12A to 12D are explanatory diagrams illus-
trating operation of the part folding part 412. As illustrated
in FIG. 12A, the part delay-and-sum part 411-1 (for
example, 1=1 or 2) performs delay-and-sum processing with
the on-line observation point PBxij set on the target line
group Bx (BL1 to BL7) located on the entire ultrasound
main irradiation region Ax, from the partial transducer
arrays 101a_1 and 101a_2. At this time, the aspect of the
acoustic line signal partial subframe data ds_1 (1=1 or 2)
generated by the part delay-and-sum part 411_1 or 411_2 is
as illustrated in the schematic diagram of FIG. 12B. The
acoustic line signal partial subframe data ds_1 is a set of
13%29 (in the case of the present example) acoustic line
signal data mapped on an orthogonal coordinate (i, j) (where
1 corresponds to the transducer array direction (x), and j
corresponds to depth (z)) having two axes in the transducer
array direction (x) and the depth (z). Among these, 121
calculated acoustic line signals ds (i, j) (“®” in FIG. 12B)
are interpolated in the on-line observation point PBxij
located in the vicinity of the target line group Bx in FIG.
12B, while a fixed value ds0 (“o” in FIG. 12B) indicating
256 zeros is interpolated in the observation points other than
the on-line observation point PBxij. Each of the acoustic line
signal ds (i, j) includes coordinate information (i, j) indicat-
ing the transducer array direction (x) and the depth (z) in
addition to the information indicating the acoustic line
intensity.

[0146] The on-line observation point acoustic line signal
extraction unit 4121 scans the acoustic line signal partial
subframe data ds_1 at each of positions of j with respect to
each of positions of 1, for example, so as to search for an
acoustic line signal ds (i, j) in the acoustic line signal partial
subframe data ds_1 (7, j). In a case where the acoustic line
signal ds (i, j) (marked with “@” in FIG. 12B) is detected,
an identification number s to identify the target line BL from
the target line group Bx (BL1 to BL7) is assigned to extract
the acoustic line signal ds (i, j) for the on-line observation
point PBxij. In the example illustrated in FIGS. 12A and
12B, identification numbers of s=-2, -1, 0, 1, and 2 are
assigned to the target lines BL1, 2, 3, 4, 5, 6, and 7.
Subsequently, the identification number s is added as addi-
tional information to each of the acoustic line signals ds (j,
7) on the acoustic line signal partial subframe data ds_1.
With this configuration, each of acoustic line signals dsc (s,
J» 1) is a signal containing coordinate information (i, j)
indicating the transducer array direction (x) and the depth
(z), and information indicating the identification number s of
the target line BL in the target line group Bx in addition to
the information indicating the acoustic line intensity.
[0147] 1i) Target Line Sequence Unit 4123

[0148] The target line sequence unit 4123 sequences the
acoustic line signal ds (i, j) for the extracted on-line obser-
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vation point PBxij with reduced intervals between the target
lines BL in the target line group Bx. More specifically, for
example, as illustrated in FIG. 12C, an acoustic line signal
dsc (s, j, 1) to which an identification number s is added is
sequenced on the orthogonal coordinate (s, j) having two
axes of s and j (where s corresponds to the transducer array
direction (x), and j corresponds to depth (z)), so as to
generate acoustic line signal partial subframe folded data
dsc_1 having reduced intervals between the target lines BL.
Alternatively, as illustrated in FIG. 12D, it is allowable to
generate the acoustic line signal partial subframe folded data
dsc_1 by performing sequencing in an orthogonal coordinate
having an absolute value of the identification number s, and
J» as two axes. The orthogonal coordinate (s, j) includes a
sequence of 121 acoustic line signals dsc (s, j, i) for the
on-line observation point PBxij with reduced intervals
between the target lines BL, having values ds0 indicating 24
zeros interpolated in portions other than the acoustic line
signal dsc (s, j, 1).

[0149] As described above, the acoustic line signal partial
subframe folded data dsc_1 is a sequence of the acoustic line
signal ds (i, j) for the on-line observation point PBxij, having
reduced intervals between the target lines BL, making it
possible to reduce the data amount, enabling downscaling of
necessary internal memory capacity and data transmission
capability. Specifically, in the example illustrated in FIGS.
12C and 12D, the acoustic line signal partial subframe
folded data dsc_1 is a set of 5x29 pieces of acoustic line
signal data on the orthogonal coordinate (s, j), and it can be
seen that the data amount is reduced to %13 (about 38.5%) as
compared with the acoustic line signal partial subframe data
ds_1.

[0150]
[0151] On the basis of the information from the control
unit 108, the sequence determination part 4122 determines
sequence information to define a sequence method of the
acoustic line signals on the target line group in the target line
sequence unit 4123 on the basis of various types of infor-
mation indicating ultrasound measurement conditions for
the ultrasound diagnostic apparatus 100, and outputs the
sequence information to the target line sequence unit 4123.
Subsequently, the target line sequence unit 4123 generates
the acoustic line signal partial subframe folded data dsc_1
on the basis of the sequence information. At this time, the
sequence determination part 4122 can utilize, as the ultra-
sound measurement conditions, one or more types of infor-
mation selected from: bandwidth (transmission/reception
frequency range), the number of channels (number of trans-
ducers), a channel pitch (transducer interval), shape infor-
mation (convex, linear etc.), transmit aperture (transmission
transducer array), transmission frequency, focus position,
transmission interval, steering angle, receive aperture (re-
ception transducer array), maximum depth, set sound speed,
mode type (B-mode, C-mode, D-mode, E-mode, and THI),
sampling frequency, resolution, PRF, transmission interval,
density, hardware computation capability, transmission
capability, and the type of operation mode (image quality
priority operation mode, frame rate priority operation mode,
balance operation mode, low power operation mode). This
configuration enables the target line sequence unit 4123 to
sequence acoustic line signal sequence for each of the target
lines in such an aspect as to conform to the ultrasound
measurement conditions, making it possible to reduce the
computation amount in the delay-and-sum and the data

iil) Sequence Determination Part 4122
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amount of the generated acoustic line signal in accordance
with the ultrasound measurement conditions while suppress-
ing degradation in the spatial resolution and the S/N ratio.
[0152] 3.2.2.3 Main Summing Part 413

[0153] The main summing part 413 sums the acoustic line
signal partial subframe folded data dsc_1 corresponding to
each of the plurality of partial transducer arrays 101a_1 on
the basis of the position of the observation point on an
orthogonal coordinate (s, j) having the absolute value of the
identification number s and the depth (z) as two axes so as
to generate the acoustic line signal subframe folded data dsc
and output the data to the data storage 107.

[0154] 3.2.2.4 Re-Sequence Part 414

[0155] The re-sequence part 414 is a circuit that re-
sequences the acoustic line signal dsc (s, j, 1) in acoustic line
signal subframe folded data dsc_sf onto the position of the
on-line observation point PBxij in the ultrasound main
irradiation region Ax to generate acoustic line signal sub-
frame data ds_sf. As described above, the acoustic line
signal dsc (s, j, 1) on the acoustic line signal partial subframe
folded data dsc_1 includes information indicating the acous-
tic line intensity, coordinate information (i, j) indicating the
transducer array direction (x) and the depth (z), and infor-
mation indicating the identification number s of the target
line BL. Therefore, the acoustic line signal dsc (s, j, 1) on the
acoustic line signal subframe folded data dsc obtained by
summing the acoustic line signal partial subframe folded
data dsc_1 also includes information indicating the acoustic
line intensity, coordinate information (i, j) indicating the
transducer array direction (x) and the depth (z), and infor-
mation indicating the identification number s of the target
line BL.

[0156] FIG. 13 is an explanatory diagram illustrating
operation of the re-sequence part 414. Therefore, as illus-
trated in FIG. 13, the re-sequence part 414 uses the acoustic
line signal subframe folded data dsc_sf as an input and
re-sequences the acoustic line signal dsc (s, j, i) onto the
position of the on-line observation point PBxij on the
orthogonal coordinate (i, j) to generate the acoustic line
signal subframe data ds_sf by interpolating fixed value ds0
indicating zero to a potions other than the on-line observa-
tion point PBxij.

[0157] On the basis of the single transmission event and
the accompanying processing, the delay-and-sum part 41
generates acoustic line signal subframe data ds_sf for all the
observation points Pij present on the target line group Bx in
synchronization with the transmission event. The generated
acoustic line signal subframe data ds_sf is output to and
stored in the data storage 107.

[0158] FIG. 6D is a schematic diagram illustrating an
outline of generation of the acoustic line signal subframe
data ds_sf. When the data before/after folding-summing-
unfolding processing in the part folding parts 412_1 and
412_2, the main summing part 413 and the re-sequence part
414 (hereinafter, referred to as “folding-summing-unfolding
processing”) are compared with each other, the acoustic line
signal partial data ds_1 generated by the part delay-and-sum
part 411_1 and the acoustic line signal partial data ds_2
generated by the part delay-and-sum part 411_2 are arith-
metically summed on the basis of the position of the on-line
observation point PBxij so as to generate the acoustic line
signal subframe data ds_sf for all the on-line observation
points PBxij present within the ultrasound main irradiation
region Ax.
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[0159] Specifically, as illustrated in FIG. 6C, the acoustic
line signal partial data ds_1 for the on-line observation
points PBxij(A)_1 and PBxij(B)_1 generated by the part
delay-and-sum part 411_1 and the acoustic line signal partial
data ds_2 for the on-line observation points PBxij(A)_2 and
PBxij(B)_2 generated by the part delay-and-sum part 411_2
are arithmetically summed to generate the acoustic line
signal data ds_1+2 for the on-line observation points PBxij
(A) and PBxij(B). This enables acquisition of the acoustic
line signal data ds_1+2 having sufficient signal intensity in
each of the on-line observation points PBxij (A) and PBxij
(B). Subsequently, such folding-addition-unfolding process-
ing is performed on all the on-line observation points PBxij
to generate the acoustic line signal subframe data ds_sf. The
summing processing is represented by the following equa-
tion.

[Mathematical Expression 3]

ds 10, j)
dsfi, j) = +
ds 20, )

[0160] 3.2.3 Combiner 42

[0161] The acoustic line signal frame data ds_f as com-
bined acoustic line signal for one frame is generated by
repeating the ultrasound transmission while sequentially
moving the transmit aperture Tx in the array direction in
synchronization with the transmission event so as to perform
transmission of the ultrasound waves from all the transduc-
ers 101a present in the probe 101. Hereinafter, the combined
acoustic line signal for each of the observation points,
constituting the acoustic line signal frame data, will be
referred to as a “combined acoustic line signal”.

[0162] The combiner 42 is a circuit that combines the
acoustic line signal subframe data ds_sf generated in syn-
chronization with the transmission event into the acoustic
line signal frame data ds_f. FIG. 14 is a functional block
diagram illustrating the configuration of the combiner 42. As
illustrated in FIG. 14, the combiner 42 includes a summing
processing unit 421 and an amplification processing unit
422.

[0163] Hereinafter, the configuration of each of compo-
nents constituting the combiner 42 will be described.
[0164] 1) Summing Processing Unit 421

[0165] After completion of generation of a series of acous-
tic line signal subframe data ds_sf for combining the acous-
tic line signal frame data, the summing processing unit 421
reads a plurality of pieces of acoustic line signal subframe
data ds_sf held in the data storage 107. Subsequently, by
summing the plurality of pieces of acoustic line signal
subframe data ds_sf with the position of the observation
point Pij where the acoustic line signal included in each of
acoustic line signal subframe data ds_sf is obtained, as an
index, a combined acoustic line signal for each of the
observation points is generated to be combined as the
acoustic line signal frame data ds_f. Therefore, the acoustic
line signals for the observation points at the same position
included in the plurality of acoustic line signal subframe
data ds_sf are summed to generate a combined acoustic line
signal.

[0166] FIG. 15 is a schematic diagram illustrating a pro-
cessing of combining combined acoustic line signals in the



US 2018/0303461 A1l

summing processing unit 421. As described above, ultra-
sound transmission is sequentially performed by changing
the transducer used for the transmission transducer array
(transmit aperture Tx) by one transducer in the transducer
array direction in synchronization with the transmission
event. Accordingly, the positions of the target line group Bx
based on different transmission events also changes by one
transducer in the same direction for each of the transmission
events. By summing a plurality of pieces of acoustic line
signal subframe data ds_sf with the position of the obser-
vation point Pij where the acoustic line signal included in
each of the acoustic line signal subframe data ds_sf was
obtained, as an index, acoustic line signal frame data cov-
ering all the target line groups Bx is combined.

[0167] Moreover, in the case of the observation points Pij
extend over the plurality of target line groups Bx located at
different positions, the values of the acoustic line signals in
the individual acoustic line signal subframe data ds_sf are
summed. Accordingly, the combined acoustic line signals
are very large value depending on the degree of extension.
Hereinafter, the number of times that the observation points
Pij are included in mutually different target line groups Bx
is referred to as the “number of superimpositions”, and the
maximum value of the number of superimpositions in the
transducer array direction will be referred to as a “maximum
superimposition number”.

[0168] FIG. 16A is a schematic diagram illustrating the
maximum number of superimpositions in the combined
acoustic line signals and an outline of amplification pro-
cessing in the amplification processing unit 422. In the
present embodiment, the target line group Bx is present
within the hourglass-shaped region. Therefore, as illustrated
in FIG. 16A, since the number of superimpositions and the
maximum number of superimpositions change in the depth
direction of the subject, the value of the combined acoustic
line signal also changes in the depth direction. Note that in
the embodiment of the present invention, in a case where the
number of target line groups is 11, for example, the maxi-
mum number of superimpositions is consequently limited to
11 at the most.

[0169] When the position of the observation point Pijj
where the acoustic line signal included in each of the
acoustic line signal subframe data ds_sf was obtained is
summed as an index, it is allowable to perform summing
while weighting with the position of the observation point
Pij as an index.

[0170] The combined acoustic line signal frame data ds_f
is output to the amplification processing unit 422.

[0171] 11) Amplification Processing Unit 422

[0172] As described above, the value of the combined
acoustic line signal changes in the depth direction of the
subject. To compensate for this, the amplification processing
unit 422 multiplies each of the combined acoustic line
signals by an amplification factor determined in accordance
with the number of times of summing in combining the
combined acoustic line signals included in the acoustic line
signal frame data ds_f.

[0173] FIG. 16B is a schematic diagram illustrating an
outline of the amplification processing in the amplification
processing unit 422. As illustrated in FIG. 16B, since the
maximum number of superimpositions changes in the depth
direction of the subject, the combined acoustic line signal is
multiplied by an amplification factor that varies in the
subject depth direction determined in accordance with the
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maximum number of superimpositions so as to compensate
for the change. As a result, the factor of variation in the
combined acoustic line signal due to the change in the
number of superimpositions in the depth direction is elimi-
nated, leading to achievement of uniformity in the value of
the combined acoustic line signal after the amplification
processing in the depth direction.

[0174] In addition, it is allowable to perform processing of
multiplying the combined acoustic line signal by an ampli-
fication factor that varies in the transducer array direction
determined in accordance with the number of superimposi-
tions. This eliminates the factor of the variation in a case
where the number of superimpositions changes in the trans-
ducer array direction, leading to achievement of uniformity
in the value of the combined acoustic line signal after the
amplification processing in the transducer array direction.
[0175] Note that a signal obtained by performing ampli-
fication processing on a combined acoustic line signal for
each of the generated observation points may be used as the
acoustic line signal frame data.

[0176] 4. Operation

[0177] Operation of the ultrasound diagnostic apparatus
100 having the above configuration will be described.
[0178] FIGS. 17A and 17B are flowcharts illustrating
beamforming processing operation of the receive beam-
former unit 104.

[0179] In step S101, the transmitter 1031 performs trans-
mission processing (transmission event) of supplying a
transmission signal to each of the transducers included in the
transmit aperture Tx among the plurality of transducers 1014
present in the probe 101, to cause the transducer to transmit
the ultrasound beam.

[0180] Next, in step S102, the receiver 40 generates a
reception signal on the basis of the electric signal obtained
from the reception of the ultrasound reflected wave by the
probe 101, outputs the reception signal to the data storage
107, and stores the generated signal in the data storage 107.
It is determined whether the ultrasound transmission from
all the transducers 101a present in the probe 101 has been
completed (step S103). In a case where it is not completed
(No in step S103), the processing returns to step S101, a
transmission event is performed while moving the transmit
aperture Tx by one transducer in the array direction. In a
case where it is completed (step S103, Yes), the processing
proceeds to step S201.

[0181] Next, in step S210, the target line group setting unit
411_2 sets the target line group Bx on the basis of infor-
mation indicating the position of the transmit aperture Tx in
synchronization with the transmission event. In a first loop,
the target line group Bx obtained from the transmit aperture
Tx in an initial transmission event is set.

[0182] Next, the identification number 1 of the partial
transducer array 101a_1 is set to 1 (step S215).

[0183] Next, the processing proceeds to observation point
synchronized beamforming processing (step S220 (5221 to
S228)). In step S220, a coordinate ij indicating the position
of the observation point Pjj is initialized to the minimum
value on the target line group Bx (steps S221 and S222).
Subsequently, the receive aperture setting unit 4113 selects
the receive aperture Rx transducer array such that an array
center matches the transducer Xk spatially closest to the
observation point Pij (step S223). With this operation, the
part delay-and-sum part 411_1 performs, in the subsequent
beamforming processing (step S220) delay-and-sum pro-
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cessing using a reception signal sequence rf based on the
reflected wave received by the transducer included in the
range overlapping with the receive aperture Rx transducer
array among the partial transducer array 101a_1 from the
subject, as an input signal.

[0184] Next, the beamforming processing (step S220) is
performed to generate an acoustic line signal for the obser-
vation point Pij (step S224).

[0185] Now, operation of generating the acoustic line
signal for the observation point Pij in step S224 will be
described. FIG. 18 is a flowchart illustrating the details of
step S224 in FIG. 17A, and illustrates acoustic line signal
generating operation on the observation point Pij in the
receive beamformer unit 104. FIG. 19 is a schematic dia-
gram illustrating the acoustic line signal generating opera-
tion on the observation point Pij in the receive beamformer
unit 104.

[0186] First, in step S2241, the transmission time calcu-
lation unit 4114 calculates a transmission time when the
transmitted ultrasound wave reaches the observation point
Pij in the subject, for an arbitrary observation point Pjj
present on the target line group Bx. The transmission time
can be calculated as follows. (1) In a case where the depth
of the observation point Pij is the focal depth or more, it is
calculated by dividing a length of a path (401+402) from the
reception transducer Rk in the receive aperture Rx geometri-
cally determined to the observation point Pij via the trans-
mission focal point F by a sound speed cs of the ultrasound
wave. (2) In a case where the observation point Pij is less
deep than the focal depth, it is calculated by dividing a
length of a difference (401-402) between a path from the
reception transducer Rk within the receive aperture Rx to the
transmission focal point F and a path from the observation
point Pij to the focal point by the sound speed cs of the
ultrasound wave.

[0187] Next, a coordinate k indicating the position of the
reception transducer Rk in the receive aperture Rx obtained
from the receive aperture Rx is initialized to a minimum
value in the receive aperture Rx (step S2242). Subsequently,
the reception time calculation unit 4115 calculates a recep-
tion time when the ultrasound wave transmitted and
reflected by the observation point Pij in the subject reaches
the reception transducer Rk of the receive aperture Rx (step
$2243). The reception time can be calculated by dividing the
length of the geometrically determined path 403 from the
observation point Pij to the reception transducer Rk by the
sound speed cs of the ultrasound wave. Furthermore, the
delay amount calculation unit 4116 calculates from the sum
of the transmission time and the reception time the total
propagation time until the ultrasound wave transmitted from
the transmit aperture Tx and reflected by the observation
point Pij reaches the reception transducer Rk (Step S2244)
and calculates the delay amount for each of the reception
transducers Rk by the difference in the total propagation
time for each of the reception transducers Rk within the
receive aperture Rx (step S2245).

[0188] It is determined whether the delay amount calcu-
lation has been completed for all the reception transducers
Rk present in the receive aperture Rx (step S2246). In a case
where it is not completed, the coordinate k is incremented
(step S2247) to continue the delay amount calculation for
the reception transducer Rk (step S2243). In a case where
the calculation is completed, the processing proceeds to step
S2248. At this stage, the delay amount in reflected wave
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arrival from the observation point Pij has been calculated for
all of the reception transducers Rk present in the receive
aperture Rx.

[0189] In step S2248, the delay processing unit 4117
subsequently identifies the reception signal corresponding to
the time obtained by subtracting the delay amount for each
of the reception transducers Rk from the reception signal
sequence corresponding to each of the reception transducers
Rk within the receive aperture Rx as the reception signal
based on the reflected wave from the observation point Pij.
[0190] Next, the weight calculation unit 4118 calculates a
weighted numerical sequence for each of the reception
transducers Rk so as to maximize the weight for the trans-
ducer positioned at the center in the array direction of the
receive aperture Rx (step S2249). The summing part 4119
multiplies the reception signal identified corresponding to
each of the reception transducers Rk by the weight for each
of the reception transducers Rk and sums the result to
generate an acoustic line signal for the observation point Pjj
(step S2250). The acoustic line signal generated for the
observation point Pij, is output to and stored in the data
storage 107 (step S2251).

[0191] Next, returning to FIG. 17, the coordinates 1, j are
incremented to repeat step S224 so as to generate acoustic
line signals for all the observation points Pij (marked with
filled circles “@®” in FIG. 19) located at the coordinates ij on
the target line group Bx. It is determined whether generation
of acoustic line signals has been completed for all the
observation points Pij present on the target line group Bx
(steps S225 and S227). In a case where it is not completed,
the coordinate ij is incremented (step S226 and S228) to
generate an acoustic line signal for the observation point Pijj
(step S224). In a case where it is completed, the processing
proceeds to step S228. At this stage, acoustic line signal
partial subframe data ds_1 for all observation points Pjj
present on the target line group Bx accompanying one
transmission event has been generated, output to and stored
in the data storage 107.

[0192] Next, the part folding part 412_1 performs acoustic
line signal partial subframe folded data generation process-
ing (step S250). FIG. 20 is a flowchart illustrating details of
step S240 in F1G. 17B.

[0193] Values j and j indicating the position of the on-line
observation point PBxij on the target line group Bx are
initialized to the minimum value (steps S2411, S2412), and
the on-line observation point acoustic line signal extraction
unit 4121 reads the signal ds (i, ) located at the coordinates
(, j) on the acoustic line signal partial subframe data ds_1
from the data storage 107 (step S2413), and judges whether
ds (i, j) is a fixed value ds0(0) indicating zero (step S2414).
In a case where it is the fixed value ds0 (0) (No in step
S2414), the processing proceeds to step S2418. In a case
where ds (i, j) is not the fixed value ds0 (0) (Yes in step
S2414), ds (i, j) is determined to be the acoustic line signal
ds (i, j) at the on-line observation point PBxij on the target
line group BX, j), and the acoustic line signal ds (i, j) is
replaced by the acoustic line signal dsc (s, j, 1) obtained by
adding the identification number s for identifying the target
line BL in the target line group Bx to the acoustic line signal
ds (i, j) (step S2415) and outputs the signal to the data
storage 107 (step S2416), and increments the identification
number s (step S2417).

[0194] Next, it is determined whether the processing has
been completed for all i among j and j indicating the position
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(step S2418), and it is determined whether processing has
been completed for all j in the ultrasound main irradiation
region Ax (step S2420). In a case where the processing is not
completed, i and j are incremented (steps S2419 and S2421),
and then, it is determined whether ds (i, ) is a fixed value ds0
(0) (step S2414). In a case where the processing has been
completed for all i and j, the processing proceeds to step
S250 in FIG. 17B.

[0195] At this stage, with respect to the iteration concern-
ing the partial transducer array 101a-1, all the acoustic line
signals ds (i, j) at the on-line observation point PBxij on the
target line group Bx included in the ultrasound main irra-
diation region Ax have been extracted in a state of being
replaced by the acoustic line signals dsc (s, j, 1). With this
operation, the acoustic line signal partial subframe folded
data dsc_1 related to the partial transducer array 101a_1 is
generated. As described in FIGS. 12C and 12D, the acoustic
line signal partial subframe folded data dsc_1 is a sequence
of the acoustic line signal ds (i, j) for the on-line observation
point PBxij, having reduced intervals between the target
lines BL, making it possible to reduce the data amount,
enabling downscaling of necessary internal memory capac-
ity and data transmission capability.

[0196] Next, it is determined whether generation of acous-
tic line signal partial subframe data ds_1 has been completed
for all the partial transducer arrays 101a_1 (step S250). In a
case where it is not completed, 1 is incremented (step S251)
and the processing returns to step S221. In a case where it
is completed, the processing proceeds to step S260.

[0197] At this stage, acoustic line signal partial subframe
folded data dsc_1 is generated for all the partial transducer
arrays 101a_1 accompanying one transmission event, and
output to and stored in the data storage 107.

[0198] Next, the main summing part 413 reads the acous-
tic line signal partial subframe folded data dsc_1 corre-
sponding to each of the plurality of partial transducer arrays
101a_1 from the data storage 107, and sums these on the
basis of the position of the observation point on the orthogo-
nal coordinate (s, j) having an absolute value of the identi-
fication number s and the depth (z) as two axes so as to
generate acoustic line signal subframe folded data dsc (step
S260).

[0199] Subsequently, the re-sequence part 414 re-se-
quences the acoustic line signal dsc (s, j, 1) in the acoustic
line signal subframe folded data dsc_sf onto the position of
the on-line observation point PBxij in the ultrasound main
irradiation region Ax to generate acoustic line signal sub-
frame data ds_sf (step S270). FIG. 21 is a flowchart illus-
trating details of step S270 in FIG. 17B.

[0200] j and j indicating the position on the on-line obser-
vation point PBxij on the target line group Bx are initialized
to the minimum value (steps S271 and S272). The re-
sequence part 414 reads the acoustic line signal dsc (s, j, 1)
located on the coordinate (s, j) on the acoustic line signal
subframe folded data dsc_sf from the data storage 107 and
replaces the acoustic line signal dsc (s, j, 1) to which the
identification number s to identify the target line BL is
added, by the acoustic line signal ds (i, j) (step S273), and
outputs the signal in the data storage 107 (step S274). At this
time, the re-sequence part 414 re-sequences the acoustic line
signal dsc (s, j, 1) to the position of the on-line observation
point PBxij on the orthogonal coordinate (i, j), while inter-
polating the fixed value ds0 indicating zero to the portions
other than the observation point PBxij.
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[0201] Next, it is determined whether the processing has
been completed for all s among identification number s and
j indicating the position (step S275), and it is determined
whether processing has been completed for all j in the
ultrasound main irradiation region Ax (step S277). In a case
where the processing is not completed, s and j are incre-
mented (steps S276 and S277), and then, the acoustic line
signal dsc (s, j, 1) is replaced by the acoustic line signal ds
(1, j) (step S273). In a case where the processing has been
completed for all s and j, the processing proceeds to step
S290 in FIG. 17B.

[0202] At this stage, the re-sequence part 414 uses the
acoustic line signal subframe folded data dsc_sf as an input
to generate the acoustic line signal subframe data ds_sf for
the iteration related to the partial transducer array 101a_1.
[0203] Next, returning to FIG. 17, it is determined whether
generation of the acoustic line signal subframe data ds_sf
has been completed for all the transmission events (step
S290). In a case where it is not completed, the processing
returns to step S210, and the coordinate ij indicating the
position of the observation point Pij is initialized to the
minimum value on the target line group Bx obtained from
the transmit aperture Tx at the subsequent transmission
event (steps S221 and S222) and then, the receive aperture
Rx is set (step S223). In a case where it is completed, the
processing proceeds to step S301.

[0204] Next, in step S301, the summing processing unit
421 reads the plurality of pieces of acoustic line signal
subframe data ds_sf held in the data storage 107 and sums
a plurality of pieces of acoustic line signal subframe data
ds_sf with the position of the observation point Pij as an
index to generate a combined acoustic line signal for each of
the observation points Pij to be combined as the acoustic line
signal frame data ds_f. Next, the amplification processing
unit 422 multiplies each of the combined acoustic line
signals by an amplification factor determined in accordance
with the number of times of summing of each of the
combined acoustic line signals included in the acoustic line
signal frame data ds_f (step S302), and outputs the amplified
acoustic line signal frame data ds_f to the ultrasound image
generator 105 and the data storage 107 (step S303). and the
processing is finished.

[0205] 5. Image Quality Evaluation

[0206] Image quality evaluation of a generated B-mode
image was performed using an example in which the receive
beamformer unit 104 according to the embodiment is
applied and using a comparative example.

[0207] (1) Test Sample

[0208] FIGS. 22A to 22C are ultrasound images obtained
by receive beamforming of an example and comparative
example 1. Specific sample specifications are as follows.
[0209] i) FIG. 22A

[0210] B-mode image based on the acoustic line signal
partial subframe data ds_1 generated by the part delay-and-
sum part 411_1, where the division number n of the partial
transducer array 101a_1 is set to 2.

[0211] 1i) FIG. 22B

[0212] B-mode image based on the acoustic line signal
partial subframe data ds_2 generated by the part delay-and-
sum part 411_2.

[0213] iii) FIG. 22C

[0214] This is a B-mode image based on the acoustic line
signal subframe data ds_sf obtained by arithmetically sum-
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ming the acoustic line signal partial subframe data ds_1 and
acoustic line signal partial subframe data ds_2.

[0215] (2) Evaluation Result

[0216] An image is drawn in the left half in FIG. 22A, an
image is drawn in the right half in FIG. 22B, and an image
of good quality is drawn in FIG. 22C.

[0217] 6. Effect of Receive Beamformer Unit 104

[0218] A configuration and function of the ultrasound
diagnostic apparatus 100 according to examples according
to the present embodiment, mainly of the receive beam-
former unit 104, will be described. Note that the same
configuration as that used for known ultrasound diagnostic
apparatuses can be applied to the configuration other than
the receive beamformer unit 104.

Example 1

[0219] FIG. 23 is a schematic mounting view of the
receive beamformer unit 104 in an ultrasound diagnostic
apparatus 100A according to an example of the present
embodiment. The following is functional arrangement in the
receiver 40, the delay-and-sum part 41, and the combiner 42
implemented in each of the plurality of integrated circuits
constituting the receive beamformer unit 104 when the
division number n of the partial transducer array 101a_1 is
2. As illustrated in FIG. 23, the ultrasound diagnostic
apparatus 100A includes the partial transducer arrays
101a_1 and 101a_2 obtained by dividing the transmission
transducer 101a array formed with 128 transducers into n
(n=2), each including integrated circuits 501_1 and 501_2
connected to 64 transducers (64 channels), and an integrated
circuit 501_3. Each of the plurality of part receivers 401_1
and 401_2, each of the plurality of part delay-and-sum parts
411_1 and 411_2, and each of the plurality of part folding
parts 412_1 and 412 2 are included in each of the two
integrated circuits 501_1 and 501_2, respectively. The main
summing part 413 and the re-sequence part 414 are included
in the integrated circuit 501_3. In this configuration, the
acoustic line signal partial subframe folded data dsc_1 is
transmitted from each of the two integrated circuits 501_1
and 501_2 to the integrated circuit 501_3. Furthermore, the
ultrasound diagnostic apparatus 100A may be configured to
include the combiner 42 in the integrated circuit 501_3.
[0220] As described above, the acoustic line signal partial
subframe folded data dsc_1 is a sequence of the acoustic line
signal ds (i, j) for the on-line observation point PBxij with
reduced intervals between the target lines BL, making it
possible to downscale the data amount to a range of 20% to
80% (in the above example, data amount is downscaled to
%13 (approximately 38.5%), compared with the acoustic line
signal partial subframe data ds_1. In data transfer from the
integrated circuits 501_1 and 501_2 to the integrated circuit
501_3, the data transfer is performed after the acoustic line
signal partial subframe data ds_1 is converted to the acoustic
line signal partial subframe folded data dsc_1 by the part
folding parts 412_1 and 412_2, making it possible to down-
scale the data amount related to the transfer. This makes it
possible to suppress the necessary internal memory capacity
of the integrated circuits 501_1, 501_2, and 501_3 and the
necessary data transmission capability between the inte-
grated circuits 501_1 and 501_2 to the integrated circuit
501_3.

[0221] Moreover, the array of the reception transducer
101q is divided into 1, and the delay-and-sum processing
related to the reception transducer 101a is distributed to the
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plurality of integrated circuits 501_1, 501_2, and 501_3.
This makes it possible to reduce the computation amount per
arithmetic unit by distributing the delay-and-sum processing
to a plurality of arithmetic units. With this configuration, it
is possible to construct the hardware by employing a plu-
rality of small-scale field programmable gate arrays (FP-
GAs) in each of the integrated circuits 501_1 and 501_2
performing the delay-and-sum processing and the folding
processing as preceding-stage processing corresponding to
each of the partial transducer arrays and in the integrated
circuit 501_3 performing the main summing processing,
rearrangement processing, the re-sequence processing, and
the combining processing as succeeding-stage processing.
This makes it possible to drastically reduce the cost of
arithmetic units in hardware.

[0222] The combiner 42 is a circuit that obtains the
acoustic line signal subframe data ds_sf generated in syn-
chronization with the transmission event from the re-se-
quence part 414 to be combined into the acoustic line signal
frame data ds_f, and outputs the frame data to the data
storage 107. The ultrasound diagnostic apparatus 100A has
a configuration in which the integrated circuit 501_3
includes the data storage 107 as an internal memory. The
data storage 107 (internal memory) stores the acoustic line
signal frame data ds_f combined in synchronization with the
previous transmission event. The combiner 42 obtains new
acoustic line signal subframe data ds_sf from the re-se-
quence part 414 for each of transmission events to be
combined into a new acoustic line signal frame data ds_f and
updates the acoustic line signal frame data ds_{ stored in the
data storage 107 to the newly created data. At the same time,
the combiner 42 outputs the acoustic line signal ds corre-
sponding to the difference between the acoustic line signal
frame data ds_{ created at the previous transmission event
and the acoustic line signal frame data ds_f created at the
current transmission event, to the ultrasound image genera-
tor 105. The acoustic line signal ds corresponding to the
difference between transmission events is a sequence of the
acoustic line signals ds extended in the depth direction
corresponding to the width of one transducer 1014, being the
data amount obtained by dividing the data amount of the
acoustic line signal frame data ds_f by the number of
transmission events. In this example, when the number of
transmission events is defined as the total number 128 of
transducers 10qa, the data amount is Y125 of the data amount
of the acoustic line signal frame data ds_f.

[0223] With this configuration, the data to be transferred
from the integrated circuit 501_3 for each of the transmis-
sion events can be reduced to the acoustic line signal ds
corresponding to the difference between the transmission
events out of the acoustic line signal frame data ds_f,
making it possible to downscale the data transmission capa-
bility needed for data transmission to the succeeding stage of
the integrated circuit 501_3.

Example 2

[0224] FIG. 24 is a schematic mounting view of the
receive beamformer unit 104 in an ultrasound diagnostic
apparatus 100B according to another example of the present
embodiment. Again, the division number n of the partial
transducer array 101a_1 is 2. As illustrated in FIG. 24, the
ultrasound diagnostic apparatus 100B has the following
configuration. The partial transducer arrays 101a_1 and
101a_2 obtained by dividing the array of the reception
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transducer 101¢ into n (n=2) includes n integrated circuits
511 and 512. Each of the plurality of part receivers 401_1
and 401_2, each of the plurality of part delay-and-sum parts
411_1 and 411_2, and each of the plurality of part folding
parts 412_1 and 412 2 are included in each of the n
integrated circuits 511 and 512, respectively. The summing
part 413 and the re-sequence part 414 are included in any of
the n integrated circuits 511 and 512. The acoustic line signal
partial subframe folded data dsc_1 is transmitted to the
integrated circuit including the main summing part 413 and
the re-sequence part 414 from each of the other integrated
circuits. Furthermore, the ultrasound diagnostic apparatus
100B may be configured to include the combiner 42 in the
integrated circuit including the main summing part 413 and
the re-sequence part 414.

[0225] With the ultrasound diagnostic apparatus 100B, the
following effects can be further obtained in addition to the
effects indicated by the above-described ultrasound diag-
nostic apparatus 100A. The ultrasound diagnostic apparatus
100A has a configuration of dividing an array of a plurality
of transducers arranged in an ultrasound probe into a plu-
rality of partial transducer arrays, performing delay-and-sum
processing and folding processing at a preceding stage on
the basis of a reception signal obtained for each of the partial
transducer arrays, and performing main summing process-
ing, re-sequence processing, and combining processing on
combining acoustic line signals generated from each of the
delay-and-sum processing, at a succeeding stage. Among
them, the main summing processing, the re-sequence pro-
cessing, and the combining processing performed at the
succeeding stage in the integrated circuit 501_3 need a
smaller computation amount than the delay-and-sum pro-
cessing and the folding processing performed at the preced-
ing stage in the integrated circuits 501_1 and 501_2, and
may be performed by any of the integrated circuits 501_1
and 501_2. The ultrasound diagnostic apparatus 100B is
configured in such a way that the main summing processing,
re-sequence processing, and the combining processing of the
succeeding stage are performed by one of the integrated
circuits 511 and 512 that perform the delay-and-sum pro-
cessing and the folding processing of the preceding stage.
With this configuration, the ultrasound diagnostic apparatus
100B can eliminate the integrated circuits 501_3, making it
possible to further reduce the cost of the arithmetic unit in
the hardware.

[0226] While, for the sake of simplicity, FIG. 24 illustrates
an exemplary case where the transducer array (101a) is
divided into two partial transducer arrays 101a¢_1 and 10a_
2, and the delay-and-sum part 41 is formed with two part
delay-and-sum parts 411_1 and 411_2, the division number
n is of course not limited to 2.

[0227] 7. Modification

[0228] While the ultrasound signal processing apparatus
according to the embodiments has been described above, the
present invention is not limited to the above embodiment at
all, except for substantial characteristic constituents of the
apparatus. For example, other embodiments implemented by
those skilled in the art by applying various modifications to
the embodiment and combining any constituent elements
and functions according to the embodiment without depart-
ing from the scope and spirit of this invention are included
in the present invention. Hereinafter, as an example of such
embodiments, an ultrasound signal processing apparatus
according to a modification will be described.
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[0229] (1) The ultrasound diagnostic apparatus 100
according to the first embodiment has a configuration in
which the receive aperture setting unit 4113 selects the
receive aperture Rx such that the array center matches the
transducer spatially closest to the on-line observation point
PBxij. Alternatively, the configuration of the receive apet-
ture Rx can be modified as appropriate.

[0230] A first modification differs from the first embodi-
ment in that there is provided a transmission synchronous
receive aperture setting unit (hereinafter referred to as a “Tx
receive aperture setting unit”) that selects a receive aperture
Rx transducer array in which the array center matches the
array center of the transmit aperture Tx transducer array. The
configuration other than the Tx receive aperture setting unit
is the same as individual elements illustrated in the first
embodiment, and thus, the description of the same portions
will be omitted.

[0231] FIG. 25 is a schematic diagram illustrating a rela-
tionship between the receive aperture Rx and the transmit
aperture Tx set by the Tx receive aperture setting unit. In the
first modification, the receive aperture Rx transducer array is
selected such that the array center of the receive aperture Rx
transducer array matches the array center of the transmit
aperture Tx transducer array. The position of the central axis
of the receive aperture Rx is the same as the position of the
central axis of the transmit aperture Tx, and the receive
aperture Rx is an aperture symmetric about the transmission
focal point F Accordingly, the position of the receive aper-
ture Rx also moves in synchronization with the position
change of the transmit aperture Tx moving in the array
direction for each of transmission events.

[0232] The weighted numerical sequence (reception
apodization) for each of the reception transducers Rk of the
receive aperture Rx is calculated so as to maximize the
weight for the transducer located on the central axis of the
receive aperture Rx and the central axis of the transmit
aperture Tx. The weighted numerical sequence has a sym-
metric distribution around the transducer Xk. The shape of
the distribution of the weighted numerical sequence may be
a hamming window, a hanning window, a rectangular win-
dow or the like, and the shape of the distribution is not
particularly limited.

[0233] In the ultrasound diagnostic apparatus according to
the first modification, the following effects can be obtained,
instead of the effects except for the observation point syn-
chronous type receive aperture, among the effects described
in the first embodiment. That is, in the first modification, the
Tx receive aperture setting unit selects the transducer array
having the array center matching the array center of the
transducer array included in the transmit aperture Tx corre-
sponding to the transmission event, as the reception trans-
ducer to set the receive aperture Rx. Accordingly, the
position of the central axis of the receive aperture Rx is the
same as the position of the central axis of the transmit
aperture Tx, and the position of the receive aperture Rx also
changes (moves) in synchronization with the position
change of the transmit aperture Tx moving in the array
direction for each of transmission events. This makes it
possible to perform the delay-and-sum at mutually different
receive apertures in synchronization with each of transmis-
sion events, and while the reception time points mutually
differ over the plurality of transmission events, enabling
acquisition of an effect of the reception processing using a
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wider receive aperture, and acquisition of uniform spatial
resolution in a wide observation region.

[0234] (2) While the embodiment is a case where the
target line group Bx has arranged seven target lines at equal
angles, the number of target lines of the target line group Bx
may be three or more. The positional relationship of the
target line is not limited to the case where the two adjacent
target lines form a fixed angle. For example, it is possible to
set the intervals between the observation points on the target
line to be equal at a same depth. Here, a straight line L is a
straight line parallel to the direction in which the transducers
are arranged, and the interval of the intersections of the
straight line L and each of the target lines is fixed.

[0235] Note that the target line group Bx is not limited to
the above-described example and may have any form as
long as: the target line group Bx includes a plurality of target
lines passing through the transmission focal point F; and the
distance between two observation points located on two
adjacent target lines and present at equal distances from the
focal point F or at the same depth is longer than the distance
between two adjacent observation points on a same target
line. Still, as described above, since it is preferable that the
directions of the target lines are not similar to each other, it
is preferable to be uniform in angles or in the direction in
which the transducers are arranged. Moreover, it is prefer-
able to obtain the maximum value of the angle formed by the
two target lines, and it is preferable that the two target lines
match the outline of the ultrasound main irradiation region
Ax. Moreover, it is preferable that one target line is on the
transmit aperture central axis. This is because an acoustic
line signal having the highest signal intensity can be
obtained.

[0236] (3) The ultrasound diagnostic apparatus 100
according to the present embodiment is not limited to the
ultrasound diagnostic apparatus having the configuration
illustrated in FIG. 1. For example, there is no need to provide
the multiplexer unit 102, and the transmit beamformer unit
103 and the receive beamformer unit 104 may be directly
connected to each of the transducers 101a of the probe 101.
Moreover, all or portion of the transmit beamformer unit
103, the receive beamformer unit 104, etc. may be incor-
porated in the probe 101. This also applies to other ultra-
sound diagnostic apparatuses according to other embodi-
ments and modifications described below in addition to the
ultrasound diagnostic apparatus 100 according to the present
embodiment.

[0237] (4) While the present disclosure has been described
on the basis of the above embodiments, the present invention
is not limited to the above embodiments, and the following
cases are also included in the present invention.

[0238] For example, the present invention may be a com-
puter system including a microprocessor and a memory, in
which the memory stores a computer program, and the
microprocessor operates in accordance with the computer
program. For example, the present invention may be a
computer system having a computer program of a diagnostic
method of the ultrasound diagnostic apparatus of the present
invention and configured to operate in accordance with the
program (or directing operation to connected parts).

[0239] Moreover, cases where the whole or a part of the
ultrasound diagnostic apparatus, or the whole or a part of
functions of beamforming is implemented by a computer
system including a recording medium such as a micropro-
cessor, a ROM, a RAM, a hard disk unit, are also included
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in the present invention. The RAM or the hard disk unit
stores a computer program capable of achieving operation
similar to the operation of each of the above-described
apparatus. When the microprocessor operates according to
the computer program, functions of the apparatus are imple-
mented.

[0240] A portion or all of the constituents of each of the
above apparatuses may be constituted by one system large
scale integration (LSI). The system LSI is a super multi-
functional LSI manufactured by integrating a plurality of
constituent parts on one chip, specifically, it is a computer
system including a microprocessor, a ROM, a RAM. These
may be separately formed into one chip, or may be inte-
grated into one chip so as to include some or all of them.
Note that the LSI may be referred to as an IC, a system LS,
a super LSI, or an ultra LSI depending on the degree of
integration. The RAM stores a computer program capable of
achieving operation similar to the operation of each of the
above-described apparatus. When the microprocessor oper-
ates according to the computer program, functions of the
system LSI are implemented. For example, the present
invention includes a case where the beamforming method of
the present invention is stored as a program of the LSI, and
this LSI is inserted in the computer to execute the prede-
termined program (beamforming method).

[0241] Note that the method of circuit integration is not
limited to LSI, and may be implemented by a dedicated
circuit or a general-purpose processor. It is allowable to
employ a field programmable gate array (FPGA) that can be
programmed after LSI fabrication, and a reconfigurable
processor capable of reconfiguring connection and setting of
circuit cells inside the LSL

[0242] Furthermore, in a case where an integrated circuit
technology to replace the LSI emerges with advances in
semiconductor technology or another derivative technology,
functional block integration may of course be performed
using the technology.

[0243] In addition, part or all of the functions of the
ultrasound diagnostic apparatus according to each of the
embodiments may be implemented by execution of a pro-
gram by a processor such as a CPU. The present invention
may be a non-transitory computer readable recording
medium storing a program for implementing a diagnostic
method or the beamforming method of the above-described
ultrasound diagnostic apparatus. Programs and signals may
be recorded on a recording medium and transported to allow
the program to be executed by another independent com-
puter system, and the program may of course be distributed
via a transmission medium such as the Internet.

[0244] Each of constituents of the ultrasound diagnostic
apparatus according to the above embodiment may be
implemented by a programmable device such as a central
processing unit (CPU), a graphics processing unit (GPU),
and a processor, together with software. The latter configu-
ration is also referred to as a general-purpose computing on
graphics processing unit (GPGPU). These constituents can
be formed with a single circuit component or an aggregate
of a plurality of circuit components. In addition, a plurality
of constituents can be combined into a single circuit com-
ponent, or a plurality of circuit components as an aggregate.
[0245] While the ultrasound diagnostic apparatus accord-
ing to the above-described embodiment has a configuration
in which the ultrasound diagnostic apparatus includes a data
storage as a storage device, the storage apparatus is not
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limited to this configuration, and may be configured to allow
a semiconductor memory, a hard disk drive, an optical disk
drive, a magnetic storage device, or the like, to be externally
connected to the ultrasound diagnostic apparatus.

[0246] The division of functional blocks in the block
diagram is illustrative, and it is allowable to configure such
that a plurality of functional blocks serves as one functional
block, one functional block is divided into a plurality of
blocks, or some functions are transferred to another func-
tional block. In addition, it is allowable to cause a single
hardware or software unit to process functions of a plurality
of functional blocks having similar functions in parallel or in
time division.

[0247] Moreover, the execution order of the above-de-
scribed steps is given as an example to specifically illustrate
the present invention, and the order may be another order
other than the example described above. In addition, a
portion of the above-described steps may be executed simul-
taneously (in parallel) with other steps.

[0248] Moreover, while the ultrasound diagnostic appara-
tus has a configuration to be externally connected with the
probe and the display unit, the probe and the display unit
may be integrally provided in the ultrasound diagnostic
apparatus.

[0249] The probe may include a portion of the functions of
the transmitter/receiver in the probe. For example, the probe
may generate inside the probe a transmission electric signal
on the basis of a control signal to generate a transmission
electric signal, output from the transmitter/receiver and may
convert the transmission electric signal into an ultrasound
wave. In addition, it is possible to adopt a configuration of
converting the received reflected ultrasound wave into a
reception electric signal, and generating a reception signal
inside the probe on the basis of the received electric signal.
[0250] In addition, at least a portion of the functions of the
ultrasound diagnostic apparatus according to individual
embodiments and modifications may be combined with each
other. Furthermore, the numbers used above are all examples
for specifically illustrating the present invention, and the
present invention is not limited to the exemplified numbers.
[0251] Moreover, the present invention includes various
modifications to the present embodiment, obtained by modi-
fying the embodiment within the scope conceivable by those
skilled in the art.

[0252] <<Summing-Up>>

[0253] An ultrasound diagnostic apparatus according to an
embodiment is an ultrasound diagnostic apparatus that trans-
mits an ultrasound beam to a subject using an ultrasound
probe including a plurality of transducers and generates
acoustic line signal subframe data on the basis of a reflected
wave obtained from the subject, the ultrasound signal pro-
cessing apparatus including: a transmitter that sets a focal
point defining a converging point of an ultrasound beam in
the subject and causes a plurality of transmission transducer
arrays selected from the plurality of transducers to transmit
the ultrasound beam to converge at the converging point; a
receiver that generates a reception signal sequence for each
of the transducers of the ultrasound probe on the basis of the
reflected wave received by the ultrasound probe from the
subject; and a delay-and-sum part that performs delay-and-
sum operation on the reception signal sequence based on the
reflected wave obtained within an ultrasound beam main
irradiation region to generate acoustic line signal subframe
data for a plurality of on-line observation points present in
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a target line group passing through the focal point among a
plurality of intra-region observation points corresponding to
the position within the main irradiation region, in which the
receiver includes a plurality of part receivers that generates
the reception signal sequence on the basis of the reflected
wave received by each of the transducers included in a
partial transducer array from the subject for each of a
plurality of the partial transducer arrays obtained by dividing
the transmission transducer array, the delay-and-sum part
includes: a plurality of part delay-and-sum parts that per-
forms delay-and-sum on the reception signal sequence cor-
responding to the plurality of partial transducer arrays to
generate an acoustic line signal for the plurality of on-line
observation points so as to generate acoustic line signal
partial subframe data corresponding to each of the plurality
of partial transducer arrays; a plurality of part folding parts
that extracts an acoustic line signal sequence corresponding
to the plurality of on-line observation points from the
acoustic line signal partial subframe data corresponding to
each of the plurality of partial transducer arrays, and that
arranges the acoustic line signals with reduced intervals
between the target lines included in the target line group so
as to generate acoustic line signal partial subframe folded
data; a main summing part that sums the acoustic line signal
partial subframe folded data corresponding to each of the
plurality of partial transducer arrays on the basis of the
positions of the arranged observation points to generate
acoustic line signal subframe folded data; and a re-sequence
part that re-sequences the acoustic line signals in the acous-
tic line signal subframe folded data to the positions of the
on-line observation points in the main irradiation region to
generate the acoustic line signal subframe data.

[0254] With this configuration, it is possible to reduce the
computation amount of the delay-and-sum and the data
amount of the acoustic line signal to be generated while
suppressing the degradation of the spatial resolution and the
S/N ratio, leading to downscaling of the necessary internal
memory capacity and data transmission capability in a
receive beamformer of the ultrasound diagnostic apparatus.
[0255] 1In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, in which
each of the target lines included in the target line group is a
straight line, and a distance between one observation point
on one target line having a distance from the focal point
being a predetermined distance or more and a closest
observation point on the one target line is shorter than a
distance between the one observation point and a closest
observation point present on a target line adjacent to the one
target line.

[0256] With such a configuration, it is possible to reduce
the computation amount of the delay-and-sum and the data
amount of the acoustic line signal to be generated while
suppressing degradation in the spatial resolution and the S/N
ratio.

[0257] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, further
including a combiner that combines a plurality of pieces of
the acoustic line signal subframe data to generate acoustic
line signal frame data, in which the transmitter performs a
transmission event of transmitting the ultrasound beam a
plurality of times while changing the focal point, the
receiver generates the reception signal sequence in synchro-
nization with each of the transmission events, the delay-
and-sum part generates a plurality of pieces of the acoustic
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line signal subframe data in synchronization with each of the
transmission events, and the combiner combines the plural-
ity of pieces of acoustic line signal subframe data generated
in synchronization with each of the transmission events to
generate a plurality of pieces of acoustic line signal frame
data on the basis of a position of the observation point.
[0258] With this configuration, it is possible to suppress
degradation in the spatial resolution and the S/N ratio by
using the synthetic aperture method.

[0259] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, in which
the partial transducer array is obtained by dividing the
transmission transducer array into n, n first integrated cir-
cuits and second integrated circuits are provided, each of the
plurality of part receivers, each of the plurality of part
delay-and-sum parts, and each of the plurality of part folding
parts are included in each of the n first integrated circuits, the
main summing part and the re-sequence part are included in
the second integrated circuit, and the acoustic line signal
partial subframe folded data is transmitted from each of the
n integrated circuits to the second integrated circuit.
[0260] With this configuration, in the data transfer of from
the integrated circuits 501_1 and 501_2 to the integrated
circuit 501_3, it is possible to downscale the data amount
related to the transfer, and possible to suppress the necessary
internal memory capacity of the integrated circuits 501_1,
501_2, and 501_3 and the necessary data transmission
capability between the integrated circuits 501_1 and 501_2
to the integrated circuit 501_3.

[0261] Moreover, the line of the reception transducer 101a
is divided into n, the delay-and-sum processing related to the
reception transducer 101a is distributed to the plurality of
integrated circuits 501_1, 501_2, and 501_3, the delay-and-
sum processing is distributed to a plurality of arithmetic
units It is possible to reduce the computation amount per
arithmetic unit. With this configuration, it is possible to
construct the hardware by employing a plurality of small-
scale field programmable gate arrays (FPGAs) in each of the
integrated circuits 501_1 and 501_2 performing the delay-
and-sum processing and the folding processing as preced-
ing-stage processing corresponding to each of the partial
transducer arrays and in the integrated circuit 501_3 per-
forming the main summing processing, rearrangement pro-
cessing, the re-sequence processing, and the combining
processing as succeeding-stage processing. This makes it
possible to drastically reduce the cost of arithmetic units in
hardware.

[0262] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, in which
the partial transducer array is obtained by dividing the
transmission transducer array into n, n integrated circuits are
provided, each of the plurality of part receivers, each of the
plurality of part delay-and-sum parts, and each of the
plurality of part folding parts are included in each of the n
integrated circuits, the main summing part and the re-
sequence part are included in any of the n integrated circuits,
and the acoustic line signal partial subframe folded data is
transmitted to the integrated circuit including the main
summing part and the re-sequence part from each of the
other integrated circuits.

[0263] With this configuration, in the ultrasound diagnos-
tic apparatus 100B, it is possible to reduce the number of
integrated circuits, and it is possible to further reduce the
cost of the arithmetic unit in the hardware.
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[0264] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, further
including a sequence determination part that determines
sequence information to define a sequence method of the
acoustic line signals on the target line in the acoustic line
signal partial subframe folded data on the basis of various
types of ultrasound measurement conditions, in which the
part folding part sequences the acoustic signal sequences for
each of the target lines to generate the acoustic line signal
partial subframe folded data on the basis of the sequence
information.

[0265] This configuration makes it possible to sequence
the acoustic line signal sequences for each of the target lines
in such an aspect as to conform to the ultrasound measure-
ment conditions, making it possible to reduce the computa-
tion amount in the delay-and-sum and the data amount of the
generated acoustic line signal in accordance with the ultra-
sound measurement conditions while suppressing degrada-
tion in the spatial resolution and the S/N ratio.

[0266] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, in which
the combiner calculates a difference between the acoustic
line signal frame data combined in synchronization with
each of the transmission events and outputs an acoustic line
signal corresponding to the difference in synchronization
with each of the transmission events.

[0267] The acoustic line signal ds corresponding to the
difference between transmission events is a sequence of the
acoustic line signals ds extended in the depth direction
corresponding to the width of one transducer 1014, being the
data amount obtained by dividing the data amount of the
acoustic line signal frame data ds_f by the number of
transmission events.

[0268] With this configuration, the data to be transferred
from the integrated circuit 501_3 for each of the transmis-
sion events can be reduced to the acoustic line signal ds
corresponding to the difference between the transmission
events out of the acoustic line signal frame data ds_f,
making it possible to downscale the data transmission capa-
bility needed for data transmission to the succeeding stage of
the integrated circuit 501_3.

[0269] An ultrasound signal processing method according
to the present embodiment is an ultrasound signal processing
method of transmitting an ultrasound beam to a subject
using an ultrasound probe including a plurality of transduc-
ers and generating acoustic line signal subframe data on the
basis of a reflected wave obtained from the subject, the
ultrasound signal processing method including: a transmit-
ting step of setting a focal point defining a converging point
of an ultrasound beam in a subject and causing a plurality of
transmission transducer arrays selected from the plurality of
transducers to transmit the ultrasound beam to converge at
the converging point; a receiving step of generating the
reception signal sequence for each of the transducers of the
ultrasound probe on the basis of the reflected wave received
by the ultrasound probe from the subject; and a delay-and-
sum step of performing delay-and-sum operation on the
reception signal sequence based on the reflected wave
obtained within an ultrasound beam main irradiation region
to generate acoustic line signal subframe data for a plurality
of on-line observation points present in a target line group
passing through the focal point among a plurality of intra-
region observation points corresponding to the position
within the ultrasound beam main irradiation region, in which
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the receiving step includes a plurality of part receiving
substeps of generating the reception signal sequence on the
basis of the reflected wave received by each of the trans-
ducers included in a partial transducer array from the subject
for each of a plurality of the partial transducer arrays
obtained by dividing the transmission transducer array, the
delay-and-sum step includes: a plurality of part delay-and-
sum substeps of performing delay-and-sum on a reception
signal sequence corresponding to the plurality of partial
transducer arrays to generate an acoustic line signal for the
plurality of on-line observation points so as to generate
acoustic line signal partial subframe data corresponding to
each of the plurality of partial transducer arrays; a plurality
of part folding substeps of extracting an acoustic line signal
sequence corresponding to the plurality of on-line observa-
tion points from the acoustic line signal partial subframe
data corresponding to each of the plurality of partial trans-
ducer arrays, and arranging the acoustic line signals with
reduced intervals between the target lines included in the
target line group to generate acoustic line signal partial
subframe folded data; a main summing substep of summing
the acoustic line signal partial subframe folded data corre-
sponding to each of the plurality of partial transducer arrays
on the basis of the positions of the arranged observation
points to generate acoustic line signal subframe folded data;
and a re-sequence substep of re-sequencing the acoustic line
signals in the acoustic line signal subframe folded data to the
positions of the on-line observation points in the main
irradiation region to generate the acoustic line signal sub-
frame data.

[0270] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, in which
each of the target lines included in the target line group is a
straight line, and a distance between one observation point
on one target line having a distance from the focal point
being a predetermined distance or more and a closest
observation point on the one target line is shorter than a
distance between the one observation point and a closest
observation point present on a target line adjacent to the one
target line.

[0271] With such a configuration, it is possible to provide
an ultrasound signal processing method capable of down-
scaling necessary internal memory capacity and data trans-
mission capability of a receive beamformer of an ultrasound
diagnostic apparatus, and an ultrasound diagnostic apparatus
using this method.

[0272] With such a configuration, it is possible to reduce
the computation amount of the delay-and-sum and the data
amount of the acoustic line signal to be generated while
suppressing degradation in the spatial resolution and the S/N
ratio.

[0273] In another aspect, it is allowable to have a con-
figuration in any of the above-described aspects, further
including a combining step of combining a plurality of
pieces of the acoustic line signal subframe data to generate
acoustic line signal frame data, in which the transmitting
step performs a transmission event of transmitting the ultra-
sound beam a plurality of times while changing the focal
point, the receiving step generates the reception signal
sequence in synchronization with each of the transmission
events, the delay-and-sum step generates a plurality of
pieces of the acoustic line signal subframe data in synchro-
nization with each of the transmission events, and the
combining step combines the plurality of pieces of acoustic
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line signal subframe data generated in synchronization with
each of the transmission events to generate a plurality of
pieces of acoustic line signal frame data on the basis of a
position of the observation point.

[0274] With this configuration, it is possible to suppress
degradation in the spatial resolution and the S/N ratio by
using the synthetic aperture method.

[0275] <<Addendum>>

[0276] Each of the above-described embodiments illus-
trates a preferable specific example of the present invention.
Numerical values, shapes, materials, constituents elements,
arrangement positions and connection modes of constitu-
ents, steps and order of steps, or the like, illustrated in the
embodiments are illustrative and are not intended to limit the
present invention. Moreover, among the constituents in the
embodiments, steps not described in the independent claims
illustrating the top level concept of the present invention are
described as optional constituents enabling a more prefer-
able form.

[0277] Moreover, the execution order of the above-de-
scribed steps is given as an example to specifically illustrate
the present invention, and the order may be another order
other than the example described above. Moreover, a part of
the above steps may be executed simultaneously (in parallel)
with the other steps.

[0278] Note that the scales of the constituents in each of
the figures described in the above embodiments are different
from the actual scale in some cases to facilitate understand-
ing of the invention. Moreover, the present invention is not
limited by the description of each of the above-described
embodiments, and can be appropriately modified without
departing from the scope and spirits of the present invention.
[0279] Theultrasound signal processing method and ultra-
sound diagnostic apparatus according to the present disclo-
sure are useful in enhancement of performance of a con-
ventional ultrasound diagnostic apparatus, in particular,
enhancement of the framerate by reduced cost of a comput-
ing apparatus and reduced computational load, and down-
scaling of memory capacity and data transmission capabil-
ity. Moreover, the present disclosure can also be applied to
other devices such as a sensor using a plurality of array
elements, in addition to ultrasound applications.

[0280] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

What is claimed is:

1. An ultrasound diagnostic apparatus that transmits an
ultrasound beam to a subject using an ultrasound probe
including a plurality of transducers and generates acoustic
line signal subframe data on the basis of a reflected wave
obtained from the subject, the ultrasound diagnostic appa-
ratus comprising:

a transmitter that sets a focal point defining a converging

point of an ultrasound beam in the subject and causes
a plurality of transmission transducer arrays selected
from the plurality of transducers to transmit the ultra-
sound beam to converge at the converging point;

a receiver that generates a reception signal sequence for
each of the transducers of the ultrasound probe on the
basis of the reflected wave received by the ultrasound
probe from the subject; and
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a delay-and-sum part that performs delay-and-sum opera-
tion on the reception signal sequence based on the
reflected wave obtained within an ultrasound beam
main irradiation region to generate acoustic line signal
subframe data for a plurality of on-line observation
points present in a target line group passing through the
focal point among a plurality of intra-region observa-
tion points corresponding to the position within the
ultrasound beam main irradiation region,

wherein the receiver includes a plurality of part receivers
that generates the reception signal sequence on the
basis of the reflected wave received by each of the
transducers included in a partial transducer array from
the subject for each of a plurality of the partial trans-
ducer arrays obtained by dividing the transmission
transducer array,

the delay-and-sum part includes:

a plurality of part delay-and-sum parts that performs
delay-and-sum on the reception signal sequence cor-
responding to the plurality of partial transducer
arrays to generate an acoustic line signal for the
plurality of on-line observation points so as to gen-
erate acoustic line signal partial subframe data cor-
responding to each of the plurality of partial trans-
ducer arrays,;

a plurality of part folding parts that extracts an acoustic
line signal sequence corresponding to the plurality of
on-line observation points from the acoustic line
signal partial subframe data corresponding to each of
the plurality of partial transducer arrays, and that
arranges the acoustic line signals with reduced inter-
vals between the target lines included in the target
line group to generate acoustic line signal partial
subframe folded data;

a main summing part that sums the acoustic line signal
partial subframe folded data corresponding to each
of the plurality of partial transducer arrays on the
basis of the positions of the arranged observation
points to generate acoustic line signal subframe
folded data; and

a re-sequence part that re-sequences the acoustic line
signals in the acoustic line signal subframe folded
data to the positions of the on-line observation points
in the main irradiation region to generate the acoustic
line signal subframe data.

2. The ultrasound diagnostic apparatus according to claim
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wherein each of the target lines included in the target line
group is a straight line, and a distance between one
observation point on one target line having a distance
from the focal point being a predetermined distance or
more and the closest observation point on the one target
line is shorter than a distance between the one obser-
vation point and a closest observation point present on
a target line adjacent to the one target line.

3. The ultrasound diagnostic apparatus according to claim

1, further comprising

a combiner that combines a plurality of pieces of the
acoustic line signal subframe data to generate acoustic
line signal frame data,

wherein the transmitter performs a transmission event of
transmitting the ultrasound beam a plurality of times
while changing the focal point,
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the receiver generates the reception signal sequence in
synchronization with each of the transmission events,
the delay-and-sum part generates a plurality of pieces of
the acoustic line signal subframe data in synchroniza-
tion with each of the transmission events, and
the combiner combines the plurality of pieces of acoustic
line signal subframe data generated in synchronization
with each of the transmission events to generate a
plurality of pieces of acoustic line signal frame data on
the basis of a position of the observation point.
4. The ultrasound diagnostic apparatus according to claim
15
wherein the partial transducer array is obtained by divid-
ing the transmission transducer array into n (n is a
natural number larger than one),
n first integrated circuits and second integrated circuits are
provided,
each of the plurality of part receivers, each of the plurality
of part delay-and-sum parts, and each of the plurality of
part folding parts are included in each of the n first
integrated circuits,
the main summing part and the re-sequence part are
included in the second integrated circuit, and
the acoustic line signal partial subframe folded data is
transmitted from each of the n integrated circuits to the
second integrated circuit.
5. The ultrasound diagnostic apparatus according to claim
15
wherein the partial transducer array is obtained by divid-
ing the transmission transducer array into n (n is a
natural number larger than 1),
n integrated circuits are provided,
each of the plurality of part receivers, each of the plurality
of part delay-and-sum parts, and each of the plurality of
part folding parts are included in each of the n inte-
grated circuits,
the main summing part and the re-sequence part are
included in any of the n integrated circuits, and
the acoustic line signal partial subframe folded data is
transmitted to the integrated circuit including the main
sunning part and the re-sequence part from each of the
other integrated circuits.
6. The ultrasound diagnostic apparatus according to claim
1, further comprising
a sequence determination part that determines sequence
information to define a sequence method of the acoustic
line signals on the target line in the acoustic line signal
partial subframe folded data on the basis of various
types of ultrasound measurement conditions,
wherein the part folding part sequences the acoustic line
signal sequences for each of the target lines to generate
the acoustic line signal partial subframe folded data on
the basis of the sequence information.
7. The ultrasound diagnostic apparatus according to claim
4,
wherein the combiner calculates a difference between the
acoustic line signal frame data combined in synchro-
nization with each of the transmission events and
outputs an acoustic line signal corresponding to the
difference in synchronization with each of the trans-
mission evers.
8. An ultrasound signal processing method of transmitting
an ultrasound beam to a subject using an ultrasound probe
including a plurality of transducers and generating acoustic
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line signal subframe data on the basis of a reflected wave
obtained from the subject, the ultrasound signal processing
method comprising:
setting a focal point defining a converging point of an
ultrasound beam in a subject and causing a plurality of
transmission transducer arrays selected from the plu-
rality of transducers to transmit the ultrasound beam to
converge at the converging point;
generating the reception signal sequence for each of the
transducers of the ultrasound probe on the basis of the
reflected wave received by the ultrasound probe from
the subject; and
performing delay-and-sum operation on the reception
signal sequence based on the reflected wave obtained
within an ultrasound beam main irradiation region to
generate acoustic line signal subframe data for a plu-
rality of on-line observation points present in a target
line group passing through the focal point among a
plurality of intra-region observation points correspond-
ing to the position within the ultrasound beam main
irradiation region,
wherein the setting includes generating the reception
signal sequence on the basis of the reflected wave
received by each of the transducers included in a partial
transducer array from the subject for each of a plurality
of the partial transducer arrays obtained by dividing the
transmission transducer array,
the performing includes:
performing delay-and-sum on a reception signal sequence
corresponding to the plurality of partial transducer
arrays to generate an acoustic line signal for the plu-
rality of on-line observation points so as to generate
acoustic line signal partial subframe data correspond-
ing to each of the plurality of partial transducer arrays;
extracting an acoustic line signal sequence corresponding
to the plurality of on-line observation points from the
acoustic line signal partial subframe data correspond-
ing to each of the plurality of partial transducer arrays,
and arranging the acoustic line signals with reduced
intervals between the target lines included in the target
line group to generate acoustic line signal partial sub-
frame folded data;
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summing the acoustic line signal partial subframe folded
data corresponding to each of the plurality of partial
transducer arrays on the basis of the positions of the
arranged observation points to generate acoustic line
signal subframe folded data; and

re-sequencing the acoustic line signals in the acoustic line
signal subframe folded data to the positions of the
on-line observation points in the main irradiation

region to generate the acoustic line signal subframe
data.

9. The ultrasound signal processing method according to
claim 8,

wherein each of the target lines included in the target line
group is a straight line, and a distance between one
observation point on one target line having a distance
from the focal point being a predetermined distance or
more and the closest observation point on the one target
line is shorter than a distance between the one obser-
vation point and a closest observation point present on
a target line adjacent to the one target line.

10. The ultrasound signal processing method according to
claim 8, further comprising

combining a plurality of pieces of the acoustic line signal
subframe data to generate acoustic line signal frame
data,

wherein the setting performs a transmission event of
transmitting the ultrasound beam a plurality of times
while changing the focal point,

the generating generates the reception signal sequence in
synchronization with each of the transmission events,

the performing generates a plurality of pieces of the
acoustic line signal subframe data in synchronization
with each of the transmission events, and

the combining combines the plurality of pieces of acoustic
line signal subframe data generated in synchronization
with each of the transmission events to generate a
plurality of pieces of acoustic line signal frame data on
the basis of a position of the observation point.
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