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(7) ABSTRACT

An ultrasound signal processing device including: a trans-
mitter 103 that causes transducers 101a to transmit an
ultrasound beam; a receiver 1041 that, based on reflected
waves received by reception transducers Rwk, generates
reception signal sequences RFk corresponding to the recep-
tion transducers Rwk; and a delay-and-sum section 1043
that, for a reference observation point PRjj in a region of
interest, calculates delay times of reflected wave arrival to
each of the reception transducers Rwk from the reference
observation point PRij as reference delay times Atk, and
generates acoustic line signals DS by using the reference
delay times Atk corresponding to the reception transducers
Rwk, and for one or more dependent observation points PFij
in the region of interest that are contiguous in a depth
direction from the reference observation point PRij, genet-
ates acoustic line signals DS by applying the reference delay
times Atk corresponding to the reception transducers Rwk.
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ULTRASOUND SIGNAL PROCESSING
DEVICE AND ULTRASOUND SIGNAL
PROCESSING METHOD

[0001] This application claims priority to Japanese Patent
Application No. 2017-223158, filed Nov. 20, 2017, the
contents of which are hereby incorporated by reference in
their entirety.

BACKGROUND OF THE DISCLOSURE

Technical Field

[0002] The present disclosure relates to ultrasound signal
processing devices and ultrasound signal processing meth-
ods, and in particular to reception beamforming processing
methods in ultrasound diagnostic devices.

Description of the Related Art

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

[0004] For example, according to a conventional ultra-
sound diagnostic device described in “Ultrasound Diagnos-
tic Devices” Corona Publishing Co., Ltd., Aug. 26, 2002,
co-authored by Masayasu Ito and Tsuyoshi Mochizuki, a
typical delay-and-sum method is described in pages 42 to 45
as a signal reception beamforming method based on
received reflected ultrasound.

[0005] FIG. 23 is a schematic diagram illustrating a recep-
tion beamforming method of a conventional ultrasound
diagnostic device. The conventional ultrasound diagnostic
device includes a probe 201 that includes a plurality of
ultrasound transducers 201a (hereinafter also referred to as
transducers) that receive ultrasound reflected from inside a
subject, and a reception beamformer 202 that electrically
converts reflected ultrasound received by the transducers
201a to an electric signal and performs delay-and-sum
processing on the electric signal. The reception beamformer
202 performs amplification, analogue to digital (A/D) con-
version, and delay processing at a delay section 2021 for
each of the transducers 201a on an electric signal based on
reflected ultrasound obtained by the transducer 201a, then
performs summing at a summing section 2022, outputting a
result as an acoustic line signals. Delay amounts calculated
by the delay section 2021 are calculated based on distances
between a transducer located on a central axis of a trans-
mission ultrasound beam and the transducers 201a. Specifi-
cally, when P is an arbitrary observation point located on the
central axis of the transmission ultrasound beam in a subject,
¢ is a transducer closest to the observation point P, dc is a
distance between transducer ¢ and observation point P, m is
another transducer, dm is a distance between the observation
point P and the transducer m, and Cs0 is a reference value
of ultrasound acoustic velocity, ultrasound reflected from the
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observation point P reaches the transducer m with a delay of
(d/Cs0=dm/Cs0-dc/Cs0) from the time when the reflected
wave reaches the transducer ¢ from the observation point P
(FIG. 24A). Calculate arrival time of a reflected wave from
an observation point P at an arbitrary depth to a transducer
¢, and an arrival time of the reflected wave to a transducer
m can be derived from an arrival time difference (d/Cs0)
between transducers. The delay section 2021 identifies
reception signals at each transducer taking into account
arrival time difference, and the summing section 2022 sums
identified reception signals to generate an acoustic line
signal (FIG. 24B).

SUMMARY

[0006] However, when increasing spatial resolution to
achieve high resolution, the number of observation points
included increases in proportion to the resolution, and there-
fore regarding delay-and-sum processing in view of trans-
mission and reception delay, an amount of calculation
increases. For this reason, hardware with high calculation
processing capacity is required for high speed delay-and-
sum calculation processing, which causes a problem of the
cost of an ultrasound diagnostic device increasing. On the
other hand, if the number of observation points is simply
reduced, spatial resolution and signal to noise ratio may be
insufficiently improved.

[0007] The present disclosure is made in view of these
problems, and it is an object of the present disclosure to
describe an ultrasound signal processing device capable of
reducing a calculation amount in delay-and-sum processing
while suppressing a decrease in spatial resolution and signal
to noise ratio of an acoustic line signal, and an ultrasound
diagnostic device using the ultrasound signal processing
device.

[0008] To achieve at least one of the abovementioned
objects, according to an aspect of the present disclosure, an
ultrasound signal processing device reflecting one aspect of
the present disclosure transmits an ultrasound beam into a
subject by using an ultrasound probe in which transducers
are arranged along an azimuth direction and generates
acoustic line signals based on reflected waves obtained from
the subject, the ultrasound signal processing device com-
prising: ultrasound signal processing circuitry, the ultra-
sound signal processing circuitry comprising: a transmitter
that causes an array of transmission transducers selected
from the transducers to transmit the ultrasound beam; a
receiver that, based on reflected waves received by an array
of reception transducers selected from the transducers, gen-
erates reception signal sequences corresponding to the
reception transducers; and a delay-and-sum section that, for
a reference observation point selected from observation
points in a region of interest corresponding to an analysis
target range of the subject, (i) calculates delay times of
reflected wave arrival to each of the reception transducers
from the reference observation point as reference delay
times, and (ii) generates acoustic line signals by using the
reference delay times corresponding to the reception trans-
ducers, and for one or more dependent observation points in
the region of interest that are contiguous in a depth direction
from the reference observation point, (iii) generates acoustic
line signals by applying the reference delay times corre-
sponding to the reception transducers.
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BRIEF DESCRIPTION OF DRAWINGS

[0009] These and other objects, advantages, and features
provided by one or more embodiments of the disclosure will
become more fully understood from the detailed description
given hereinbelow and the appended drawings which are
given by way of illustration only, and thus are not intended
as a definition of the limits of the present invention.
[0010] FIG. 1 is a function block diagram illustrating
structure of an ultrasound diagnostic device 100 pertaining
to an embodiment.

[0011] FIG. 2 is a schematic diagram illustrating a propa-
gation path of an ultrasound transmission according to a
transmission beamformer 103.

[0012] FIG. 3 is a function block diagram illustrating
structure of a reception beamformer 104 of the ultrasound
diagnostic device 100.

[0013] FIG. 4 is a schematic diagram for describing gen-
eration of a radio frequency signal sequence based on
ultrasound reflected from an ultrasound primary irradiation
region Ax.

[0014] FIG. 51is a schematic diagram for describing acous-
tic line signal generation regarding a reference observation
point PR in reception beamformer 104.

[0015] FIG. 6 is a schematic diagram for describing an
operation of acoustic line signal generation regarding depen-
dent observation points PF in delay-and-sum section 1043.
[0016] FIG. 7 is a schematic diagram for describing an
operation of acoustic line signal generation regarding depen-
dent observation points PF in delay-and-sum section 1043.
[0017] FIG. 8 is a schematic diagram illustrating a differ-
ence Ad in path length between a reception transducer Rwk
and observation points P(0,)) and P(0,j+1) that are adjacent
to each other in the depth direction.

[0018] FIG. 9 is a distribution diagram illustrating distri-
bution of the difference Ad in path length between a recep-
tion transducer Rwk and observation points P(0,j) and
P(0+1) that are adjacent to each other in the depth direc-
tion, in which the vertical axis is depth direction coordinate
Y of an observation point P(0,j) and the horizontal axis is an
azimuth direction coordinate X of a reception transducer
Rw.

[0019] FIG. 10 is an enlargement of a range of depth
direction coordinates of FIG. 9 from 0 to 2000, in which Ad
values equal to or greater than 0.5 are increased to 1.
[0020] FIGS. 11A, 11B, 11C are distribution diagrams in
which Ad values equal to or greater than 0.5 are increased to
1; FIG. 11 A illustrates a difference in path length between a
reception transducer Rwk and observation points P(0,j) and
P(0,j+1) that are adjacent to each other in the depth direc-
tion, FIG. 11B illustrates a difference in path length between
a reception transducer Rwk and observation points P(0,))
and P(0,j+4) that are 4 away from each other in the depth
direction, and FIG. 11C illustrates a difference in path length
between a reception transducer Rwk and observation points
P(0) and P(0,j+8) that are 8 away from each other in the
depth direction.

[0021] FIG. 12 is a flowchart illustrating processing in an
ultrasound signal processing device 150.

[0022] FIG. 13 is a flowchart illustrating details of delay-
and-sum processing (step S50) in FIG. 12.

[0023] FIG. 14 is a schematic diagram for describing an
operation of acoustic line signal generation regarding depen-
dent observation points PF in delay-and-sum section 1043.
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[0024] FIG. 15 is a schematic diagram illustrating a rela-
tionship between a transmission aperture Tx and a reception
aperture Rx set by the reception beamformer 104 of an
ultrasound signal processing device pertaining to Embodi-
ment 2.

[0025] FIGS. 16A and 16B are schematic diagrams for
describing propagation paths of ultrasound emitted from a
transmission aperture Tx, reflected at an observation point
Pij at any position in a calculation target region Bx, and
arriving at a reception transducer Rk located in a reception
aperture Rx, as calculated by a delay time calculator 10431
pertaining to Embodiment 2.

[0026] FIG. 17 is a schematic diagram for describing
acoustic line signal generation regarding a reference obser-
vation point PRij in reception beamformer 104 pertaining to
Embodiment 2.

[0027] FIG. 18 is a flowchart illustrating processing in an
ultrasound signal processing device pertaining to Embodi-
ment 2.

[0028] FIG. 19 is a flowchart illustrating details of delay-
and-sum processing (step S50) in FIG. 18.

[0029] FIG. 20 is a schematic diagram for describing an
operation of acoustic line signal generation regarding depen-
dent observation points PF in delay-and-sum section 1043
pertaining to Embodiment 2.

[0030] FIG. 21 is a schematic diagram illustrating synthe-
sized acoustic line signal synthesis processing by a synthe-
sizer 10435 pertaining to Embodiment 2.

[0031] FIG. 22 is a schematic plan view diagram illustrat-
ing an aspect of transducers 101Ba of a probe 101B used in
an ultrasound signal processing device pertaining to Modi-
fication 1.

[0032] FIG. 23 is a schematic diagram for describing
delay-and-sum processing in a conventional ultrasound sig-
nal processing device.

[0033] FIGS. 24A and 24B are schematic diagrams for
describing influence of acoustic velocity changes on delay-
and-sum processing in a conventional ultrasound signal
processing device.

DETAILED DESCRIPTION

[0034] Hereinafter, one or more embodiments of the pres-
ent disclosure will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

<QOverall Configuration>

[0035] The following is a description of an ultrasound
diagnostic device 100 pertaining to at least one embodiment,
described with reference to the drawings.

[0036] FIG. 11is a function block diagram of an ultrasound
diagnostic system 1000 pertaining to at least one embodi-
ment. In FIG. 1, the ultrasound diagnostic system 1000
includes a probe 101 that has transducers 101a provided to
an end surface of the probe 101 that transmit ultrasound
towards a subject and receive reflected waves, the ultrasound
diagnostic device 100 that causes the probe 101 to transmit
and receive ultrasound and generates ultrasound images
based on output signals from the probe 101, and a display
106 that displays an ultrasound image on a screen. The probe
101 and the display 106 are each connectable to the ultra-
sound diagnostic device 100. FIG. 1 illustrates the probe 101
and the display 106 connected to the ultrasound diagnostic
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device 100. The probe 101 and the display 106 may be
incorporated in the ultrasound diagnostic device 100.

<Configuration of Ultrasound Diagnostic Device 100>

[0037] The ultrasound diagnostic device 100 includes a
multiplexer 102 that selects transducers used for transmis-
sion or reception among the transducers 101a of the probe
101 and secures input/output of selected transducers, a
transmission beamformer 103 that controls timing of high
voltage application to the transducers 101a of the probe 101
in order to perform ultrasound transmission, and a reception
beamformer 104 that amplifies and A/D converts electric
signals obtained by the transducers 101a based on reflected
ultrasound received by the probe 101, and performs recep-
tion beamforming to generate an acoustic line signal. Fur-
ther, the ultrasound diagnostic device 100 includes an ultra-
sound image generator 105 that executes processing such as
envelope detection and logarithmic compression with
respect to acoustic line signals, which are output signals
from the reception beamformer 104, in order to perform
luminance conversion, in order to perform a coordinate
transformation on the luminance signals to an orthogonal
coordinate system, in order to generate an ultrasound image
(B mode image), a data storage 107 that stores acoustic line
signals output by the reception beamformer 104 and ultra-
sound images output by the ultrasound image generator 105,
and a controller 108 that controls each component element
of the ultrasound diagnostic device 100.

[0038] Of these, the multiplexer 102, the transmission
beamformer 103, the reception beamformer 104, and the
ultrasound image generator are included in the ultrasound
signal processing device 150.

[0039] Elements of the ultrasound diagnostic device 100,
for example the multiplexer 102, the transmission beam-
former 103, the reception beamformer 104, ultrasound
image generator 105, and the controller 108 are each imple-
mented as a hardware circuit such as a field programmable
gate array (FPGA), an application specific integrated circuit
(ASIC), or the like. Alternatively, each element may be
implemented by a programmable device such as a central
processing unit (CPU), a general-purpose graphics process-
ing unit (GPGPU), a processor, or the like, and software.
These component elements can each be a single circuit
component or an assembly of circuit components. Further, a
plurality of comporent elements can be combined into a
single circuit component or can be an aggregate of a
plurality of circuit components.

[0040] The data storage 107 is a computer-readable stor-
age medium, and may be a flexible disk, a hard disk,
magneto-optical (MO), a digital versatile disc (DVD), digi-
tal versatile disc random access memory (DVD-RAM),
semiconductor memory, or the like. Further, the data storage
107 may be a storage device that is external and connectable
to the ultrasound diagnostic device 100.

[0041] The ultrasound diagnostic device 100 pertaining to
the present embodiment is not limited to the ultrasound
diagnostic device configuration illustrated in FIG. 1. For
example, the ultrasound diagnostic device 100 may be
configured without the multiplexer 102, and the probe 101
may incorporate the transmission beamformer 103 and/or
the reception beamformer 104, or any portion thereof.
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<Configuration of Elements of Ultrasound Diagnostic
Device 100>

[0042] The ultrasound diagnostic device 100 pertaining to
at least one embodiment is characterized by the reception
beamformer 104 that generates an acoustic line signal for
generating an ultrasound image by performing calculations
related to an electric signal obtained from reception of
reflected ultrasound by the probe 101. Thus, the present
description largely focuses on description of structure and
function of the reception beamformer 104 and the transmis-
sion beamformer 103 that causes ultrasound transmission
from the transducers 101a of the probe 101. Structure other
than that of the transmission beamformer 103 and the
reception beamformer 104 may be the same as that used in
publicly known ultrasound diagnostic devices, and it is
possible to replace a beamformer of a publicly known
ultrasound diagnostic device with a beamformer pertaining
to the present embodiment.

[0043] The following is a description of structure of the
transmission beamformer 103 and the reception beamformer
104.

1. Transmission Beamformer 103

[0044] The transmission beamformer 103 is connected to
the probe 101 via the multiplexer 102 and controls timing of
high voltage application to each of a plurality of transducers
included in a transmission aperture Tx consisting of a
transmission transducer array of all or a plurality of the
transducers 101a of the probe 101 for transmitting ultra-
sound from the probe 101. The transmission beamformer
103 includes a transmitter 1031.

[0045] Based on a transmission control signal from the
controller 108, the transmitter 1031 performs transmission
processing to supply a pulsed transmission signal for caus-
ing transducers included in the transmission aperture Tx
among the transducers 101a of the probe 101 to transmit an
ultrasound beam. [n transmission processing, a delay time is
set for ultrasound beam transmission timing for each trans-
ducer, delaying ultrasound beam transmission by the delay
time in order to focus an ultrasound beam.

[0046] The transmitter 1031 repeats ultrasound transmis-
sion while gradually shifting the transmission aperture Tx in
an array direction for each ultrasound transmission, pet-
forming ultrasound transmission from all of the transducers
101a of the probe 101. Information indicating position of
transducers included in the transmission aperture Tx is
outputted to the data storage 107 via the controller 108. For
example, when a total number of the transducers 101a of the
probe 101 is 192, a number of transducers in the transmis-
sion aperture Tx may be selected from 20 to 100, for
example, and gradually shifted per ultrasound transmission
performed. Hereinafter, ultrasound transmission performed
from the same transmission aperture Tx by the transmitter
1031 is also referred to as a “transmission event”.

[0047] FIG. 2 is a schematic diagram illustrating a propa-
gation path of an ultrasound transmission according to a
transmission beamformer 103. In a given transmission
event, an array of the transducers 101a contributing to
ultrasound transmission are illustrated in FIG. 2. As illus-
trated in FIG. 2 and in the present description, the array
direction (azimuth direction) of the transducers 101a is an X
direction, and a depth direction in a subject normal to the
azimuth direction is a Y direction.
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[0048] By controlling transmission timing of each trans-
ducer so that transmission timing is delayed more the nearer
a transducer is to a center of the transmission aperture Tx,
the transmission beamformer 103 makes a wavefront of an
ultrasound transmission transmitted from a transducer array
in the transmission aperture Tx converge at a transmission
focal point F at a certain depth in the subject. A focal depth
of a transmission focal point F can be set arbitrarily. A
wavefront converging at the transmission focal point F
diffuses again and the ultrasound transmission propagates in
an hourglass-shaped space delimited by two straight lines
intersecting at the transmission focal point F with the
transmission aperture Tx as the base. The hourglass-shaped
region (indicated by hatching with diagonal lines) is referred
to as an ultrasound primary irradiation region Ax.

2. Reception Beamformer 104

[0049] The reception beamformer 104 generates an acous-
tic line signal from an electrical signal obtained by a
plurality of the transducers 101a based on reflected ultra-
sound received by the probe 101. An “acoustic line signal”
is a reception signal with respect to an observation point
after delay-and-sum processing is performed. Delay-and-
sum processing is described in more detail later. FIG. 3 is a
function block diagram illustrating structure of the reception
beamformer 104. In FIG. 3, the reception beamformer 104
includes a receiver 1041, a reception signal holding section
1042, and a delay-and-sum section 1043.

[0050] The following describes structure of each element
of the reception beamformer 104.

(1) Receiver 1041

[0051] The receiver 1041 is connected to the multiplexer
102 via the probe 101, and is a circuit that generates an
analog-to-digital (AD) converted reception signal (radio
frequency (RF) signal) after amplifying an electrical signal
obtained by reception of reflected ultrasound by the probe
101 in correspondence with a transmission event. Reception
signals are generated in a time sequence in transmission
event order and outputted to the reception signal holding
section 1042, which holds the reception signals.

[0052] Here, a reception signal (RF signal) is a digital
signal obtained through AD conversion of an electrical
signal converted from reflected ultrasound received by trans-
ducers, and forms a signal sequence in a direction of
transmission (depth direction of subject) of ultrasound
received by the transducers.

[0053] FIG. 4 is a schematic diagram for describing gen-
eration of an RF signal sequence based on ultrasound
reflected from the ultrasound primary irradiation region Ax.
The receiver 1041 generates a reception signal sequence
with respect to each reception transducer Rw, based on
reflected ultrasound obtained by each reception transducer
Rw arranged in an array of all or a plurality of the N
transducers 101a of the probe 101, in correspondence with
a transmission event. The reception transducers Rw are
selected by the multiplexer 102. According to the present
embodiment, an array center of an array Rwx of reception
transducers Rw is selected so as to coincide with an array
center of a transmission transducer array (transmission aper-
ture Tx). It is beneficial if a number M of reception trans-
ducers Rw is the same as a number of transmission trans-
ducers or greater than the number of transmission
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transducers. Further, the number of the reception transducers
Rw may be equal to the total number N of the transducers
101a.

[0054] The transmitter 1031 repeats ultrasound transmis-
sion while gradually shifting the transmission aperture Tx in
an array direction in correspondence with transmission
events, performing ultrasound transmission from all of the
transducers 101a of the probe 101. The receiver 1041
generates a sequence of reception signals for each reception
transducer Rw in correspondence with transmission events,
and generated reception signal sequences are stored by the
reception signal holding section 1042.

(2) Reception Signal Holding Section 1042

[0055] The reception signal holding section 1042 is a
computer-readable storage medium and may be, for
example, a semiconductor memory ot the like. The reception
signal holding section 1042 accepts as input a reception
signal sequence for each reception transducer from the
transmitter 1031 in correspondence with transmission
events, and may hold these sequences until an ultrasound
image is generated. Further, the reception signal holding
section 1042 may be, for example, a hard disk, MO, DVD,
DVD-RAM, or the like. Further, the reception signal holding
section 1042 may be a storage device that is external and
connectable to the ultrasound diagnostic device 100. Fur-
ther, the reception signal holding section 1042 may be a
portion of the data storage 107.

(3) Delay-and-Sum Section 1043

[0056] The delay-and-sum section 1043 is a circuit that
generates acoustic line signals by performing delay-and-sum
processing with respect to reception signal sequerces
received by reception transducers from observation points,
with respect to a plurality of observation points in a calcu-
lation target region Bx in a subject, corresponding to trans-
mission events. Here, the “calculation target region Bx” is a
region for which an acoustic line signal is generated, cor-
responding to one transmission event. Thus, the delay-and-
sum section 1043 is a circuit that generates an acoustic line
signal of one frame by synthesizing acoustic line signals of
observation points in a plurality of calculation target regions
Bx generated corresponding to a plurality of transmission
events. Here, “frame” refers to a unit of one coherent signal
necessary for constructing one ultrasound image. One frame
worth of synthesized acoustic line signals is referred to as a
“frame acoustic line signal”. According to the present
embodiment, the calculation target region Bx for which an
acoustic line signal is generated in correspondence with a
transmission event is a straight line region having a width of
one transducer, perpendicular to the transducer array and
passing through an array center of the reception aperture Rx.
However, the calculation target region Bx is not limited to
this example, and may be set as any region included in the
ultrasound primary irradiation region Ax.

[0057] InFIG. 3, the delay-and-sum section 1043 includes
a delay time calculator 10431, a delay time application
number determiner 10432, a delay processor 10433, a sum-
mer 10434, and a synthesizer 10435. The following
describes structure of each element.

1) Delay Time Calculator 10431

[0058] The delay time calculator 10431 is a circuit that
calculates each delay time for reflected ultrasound to arrive
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at a reception transducer from a reference observation point
PR as a reference delay time, the reference observation point
PR being selected from a plurality of observation points P in
aregion of interest corresponding to an analysis target range
in a subject. Here, the “reference observation point PR” is an
observation point among observation points P that is a target
for delay time calculation. An acoustic line signal with
reference to the reference observation point PR is calculated
based on a delay time calculated with reference to the
observation point. On the other hand, a “dependent obset-
vation point PF” is an observation point among observation
points P for which a corresponding acoustic line signal is
calculated by performing delay-and-sum processing by
applying a delay time calculated with respect to the refer-
ence observation point PR. In the present description, where
observation points P, PR, PF are referenced with indices i, j
corresponding to coordinates in an X direction and a Y
direction, the notation Pij, PRij, PFij may be used.

[0059] FIG. 5is a schematic diagram for describing acous-
tic line signal generation regarding the reference observation
point PR in the delay-and-sum section 1043. A transmission
wave radiated from the transmission aperture Tx propagates
along path 401, a wavefront therecof converging at the
transmission focal point F diffusing again to arrive at obser-
vation point P, where a change in acoustic impedance at the
observation point P generates a reflected wave, the reflected
wave returning to reception transducers Rw of the reception
aperture Rx of the probe 101. A length of paths 401+402 to
an observation point P via the transmission focal point F, and
a length of a path 403 from the observation point P to each
reception transducer Rw can be geometrically calculated.
[0060] More specifically, the following is a calculation of
delay time with respect to the reference observation point
PR.

[0061] The delay time calculator 10431 calculates an
arrival time difference (delay) of reflected ultrasound to each
reception transducer Rw by dividing a distance between the
reference observation point PR and each reception trans-
ducer Rw by a sound velocity value Cs, for each of a
plurality of the reference observation points PR in the
calculation target region Bx, from reception signal
sequences with respect to reception transducers Rw in the
reception aperture Rx. More specifically, as illustrated in
FIG. 5, the delay time calculator 10431 geometrically cal-
culates length of paths from the reference observation point
PR to each reception transducer Rwk (k=1 to kmax), based
on information indicating position of the reception trans-
ducer Rw and information indicating position of the refer-
ence observation point PR, in correspondence with a trans-
mission event. A difference Adk of path length from the
reference observation point PR to each reception transducer
Rwk is divided by the sound velocity value Cs to calculate,
for each reception transducer Rwk, a delay time Atk of a
reflected wave arriving at each reception transducer Rw
from any reference observation point PR.

ii) Delay Time Application Number Determiner 10432

[0062] The delay-and-sum section 1043 generates an
acoustic line signal by applying a reference delay time to
each of the reception transducers Rw with respect to the
reference observation point PR and one or more dependent
observation points PF that are contiguous with the reference
observation point PR in the depth direction. At this time, the
reference delay time calculated for the reference observation
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point PR is applied to the dependent observation points PF
that are contiguous with the reference observation point PR
in the depth direction. The delay time application number
determiner 10432 (hereinafter, also referred to as “applica-
tion number determiner 10432”) determines the number of
dependent observation points PF to which the reference
delay time of one reference observation point PR is applied.
[0063] FIG. 6 and FIG. 7 are schematic diagrams for
describing an operation of acoustic line signal generation
regarding observation points P in the delay-and-sum section
1043. In the example illustrated in FIG. 6, the application
number determiner 10432 determines the number of depen-
dent observation points PF such that the reference delay time
calculated for the reference observation point PR is applied
to three dependent observation points PF. In this case, the
reference observation points PR and the dependent obser-
vation points PF are arranged alternating in the depth
direction of the subject in the region of interest. Alterna-
tively, as illustrated in FIG. 7, the application number
determiner 10432 may determine the number of dependent
observation points PF such that the greater the depth of the
subject, the greater the number of dependent observation
points PF with respect to one reference observation point
PR. In FIG. 7, the reference delay time is applied to one,
three, or seven dependent observation points PF in descend-
ing order of depth at depths equal to or greater than threshold
depths D1, D2, and D3. In this case, the application numbers
are 1, 3, and 7. A reason for increasing the number of
observation points to which the reference delay time is
applied in deeper regions is that as a distance difference from
the reference observation point PR to each reception trans-
ducer Rwk (k=1 to kmax), i.e., a delay difference, becomes
smaller and in a deeper region reflected wave attenuation
leads to lower signal to noise ratios than at shallower depths,
therefore, even when high density delay-and-sum processing
is performed, it becomes difficult to recognize effects of
image quality improvement hidden by image quality dete-
rioration due to the attenuation.

[0064] In the following description, where operations are
described indicating X, Y coordinates of observation points
P, PR, PF corresponding to indices i, j, for convenience, the
notation P(i,j) may be used without distinguishing between
Pij, PRij, and PFij.

[0065] FIG. 8 is a schematic diagram illustrating a differ-
ence Ad in path length between a reception transducer Rwk
and observation points P(0,)) and P(0,j+1) that are adjacent
to each other in the depth direction. As an example, the
number of reception transducers Rw in the azimuth direction
is 128, and a pitch thereof is from 0.2 mm to 0.3 mm.
Further, a distance Aa between the observation point P(0,))
and the observation point P(0,j+1) with 60 MHz sampling is,
for example, approximately 0.026 mm, and a position of a
deepest observation point P is approximately 400 mm. In
this case, the larger the depth of the observation points
P(0;). P(0,j+1), the more the difference Ad of path length
between the reception transducers Rwk approaches the
distance Aa in the depth direction between the observation
points P(0,j), P(0,j+1), and delay amount and sampling
period have corresponding magnitudes.

[0066] FIG. 9 is a distribution diagram illustrating distri-
bution of the difference Ad in path length between a recep-
tion transducer Rwk and observation points P(0,) and
P(0,j+1) that are adjacent to each other in the depth direc-
tion, in which the vertical axis is depth direction coordinates
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Y of an observation point P(0.j) and the horizontal axis is
azimuth direction coordinates X of a reception transducer
Rw. The azimuth direction indicates an element number
when X=0 at an array center of the reception transducers
Rw, and the depth direction indicates a sampling number at
60 MHz. Scale of Ad is normalized by the sampling period,
Ad=1 meaning a delay time At of 0, and Ad=0 meaning a
delay time At corresponding to one sampling period. It can
be seen that Ad=1.0 for all reception transducers Rw at
depths beyond approximately sample 5500.

[0067] FIG. 10 is an enlargement of a range of depth
direction coordinates of FIG. 9 from sample 0 to sample
2000, in which Ad values equal to or greater than 0.5
sampling period are increased to 1. As illustrated in FIG. 10,
it can be seen that Ad is increased to 1 for all reception
transducers Rw at depths beyond approximately sample 600.
In this case, even if delay processing calculation is per-
formed for each of observation points P(0,j), P(0,j+1) adja-
cent in the depth direction, calculation results cannot be
reflected in the output. In FIG. 10, DM is a line indicating
a typical relationship between depth and the reception
aperture Rx in a case in which a dynamic aperture is used
that makes size of the reception aperture Rx different accord-
ing to depth. Thus, it can be seen that in a dynamic aperture
use-case, at all depths, for all reception transducers Rw, Ad
is increased to 1, and even if delay processing calculation is
performed for each observation point P(0,j), P(0,j+1), cal-
culation results cannot be reflected in the output.

[0068] FIGS. 11A, 11B, 11C are distribution diagrams in
which Ad values equal to or greater than a Y2 sample period
are increased to 1; FIG. 11A illustrates a difference in path
length between a reception transducer Rwk and observation
points P(0,j) and P(0,j+1) that are adjacent to each other in
the depth direction, FIG. 11B illustrates a difference in path
length between a reception transducer Rwk and observation
points P(0,)) and P(0,j+4) that are 4 away from each other in
the depth direction, and FIG. 11C illustrates a difference in
path length between a reception transducer Rwk and obser-
vation points P(0,j) and P(0,j+8) that are 8 away from each
other in the depth direction. That is, FIG. 11A is of a 1
sample period, FIG. 11B is of a 2 sample period, and FIG.
11C is of a 4 sample period. In FIG. 11A, FIG. 11B, and FIG.
11C, DM is a line indicating a typical relationship between
depth and the reception aperture Rx in a case in which a
dynamic aperture is used.

[0069] As can be seen in FIG. 11C, for portions deeper
than approximately sample 2700, for all reception transduc-
ers, Ad is increased to 8, and even if delay processing
calculation is performed for each observation point P(0.j),
P(0,j+8) separated by 8 samples in the depth direction,
calculation results cannot be reflected in the output.

[0070] Similarly, as can be seen in FIG. 11B, for portions
deeper than approximately sample 1800, for all reception
transducers, Ad is increased to 4, and even if delay process-
ing calculation is performed for each observation point
P(0), P(0,j+4) separated by 4 samples in the depth direc-
tion, calculation results cannot be reflected in the output.

[0071] Similarly, as can be seen in FIG. 11A, for portions
deeper than approximately sample 600, for all reception
transducers, Ad is increased to 1, and even if delay process-
ing calculation is performed for each observation point
P(0,), P(0,j+1) separated by 1 sample in the depth direction,
calculation results cannot be reflected in the output.
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[0072] From the above results, in the depth direction,
sampling is performed at every 1 sampling period in a range
from 0 to sample 600, every 2 sampling period in a range
from approximately sample 600 to sample 1800, every 4
sampling period in a range from approximately sample 1800
to sample 2700, every 8 sampling period in a range from
approximately sample 2700 onwards, thereby enabling
delay processing calculation results to be reflected in the
output without excess or shortfall.

[0073] In other words, it is beneficial to gradually increase
the sampling period as depth increases to reduce frequency
of reference observation points. Thus, it is possible to
prevent the inefficiency of calculation results not being
reflected in output even when delay processing calculation is
performed with respect to each observation point adjacent in
the depth direction, and delay processing calculation results
can be reflected in the output without excess or shortfall.
ii1) Delay Processor 10433

[0074] The delay processor 10433 is a circuit that gener-
ates an acoustic line signal DS for the reference observation
point PR by using the reference delay time with respect to
each reception transducer Rw, and also generates an acoustic
line signal DS for each of one or more dependent observa-
tion points PF that are contiguous in the depth direction from
the reference observation point PR by applying the reference
delay time with respect to each reception transducer Rw.
[0075] First, specification of reception signal values with
respect to reference observation points PR is performed as
follows.

[0076] Based on the arrival time difference (delay) calcu-
lated by the delay time calculator 10431, the delay time
calculator 10431 calculates an arrival time of a reflected
wave from each reference observation point PR to each
reception transducer Rw, and the delay processor 10433
identifies a reception signal corresponding to each reception
transducer Rw based on arrival times of the reflected wave.
More specifically, the delay time calculator 10431 calculates
an ultrasound round-trip time to and from the reference
observation point PR and a reception transducer Rw nearest
to the reference observation point PR, then adds an arrival
time difference (delay) calculated by the delay time calcu-
lator 10431 in order to calculate an arrival time of the
reflected wave to each reception transducer Rw. The delay
processor 10433 then reads a reception signal sequence RFk
from the reception signal holding section 1042 and specifies
reception signal values corresponding to arrival times of the
reflected wave to each of the reception transducers Rw.
Thus, reception signal values are specified for each of the
reception transducers Rwk. The delay processor 10433
performs this processing for all of a plurality of reference
observation points PR included in the calculation target
region Bx, calculates a delay Atk for each reception trans-
ducer Rwk, and specifies reception signals.

[0077] Next, specification of reception signal values with
respect to dependent observation points PF is performed as
follows.

[0078] In the generation of an acoustic line signal with
respect to a dependent observation point PF, a delay time of
arrival of a reflected wave from the dependent observation
point PF to each reception transducer Rw is not calculated.
According to the present embodiment, reception signal
values corresponding to the reference delay time Atk are
specified with respect to each reception transducer Rwk
from a plurality of reception signal sequences RFk corre-
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sponding to the reception transducers Rwk, and summing is
performed for a plurality of reception transducers Rwk (k=1
to kmax).

[0079] More specifically, an ultrasound round-trip time
between the dependent observation point PF and a reception
transducer Rw nearest to the dependent observation point PF
is calculated, and approximated reflected wave arrival times
are calculated by adding a reference delay time Atk for each
reception transducer Rwk to the ultrasound round-trip time.
The delay processor 10433 then reads a reception signal
sequence RFk from the reception signal holding section
1042 and specifies reception signal values corresponding to
approximated reflected wave arrival times from a plurality
of reception signal sequences RFk corresponding to the
reception transducers Rw. Thus, reception signal values are
specified for each of the reception transducers Rwk. At this
time, calculation of the ultrasound round-trip time between
the dependent observation point PF and the reception trans-
ducer Rw nearest to the dependent observation point PF may
be performed by adding or subtracting an ultrasound round-
trip time between the reference observation point PR and the
dependent observation point PF to or from the ultrasound
round-trip time between the reference observation point PR
and the reception transducer Rw nearest the reference obser-
vation point PR. Further, an ultrasound round-trip time
between two points may be calculated as a round-trip
distance between two points divided by a sound velocity
value Cs. This processing is performed for all reception
transducers Rwk, and a reception signal is specified for each
reception transducer Rwk.

[0080] Details of operations of the delay processor 10433
are described later.

iv) Summer 10434

[0081] The summer 10434 is a circuit that accepts as input
reception signals identified as corresponding to reception
transducers Rwk outputted from the delay processor 10433
and sums the reception signals to generate acoustic line
signals subject to delay-and-sum processing with respect to
observation points P. Alternatively, a configuration may be
used in which reception signals identified as corresponding
to reception transducers Rw are multiplied by a weighting
sequence with respect to the reception transducers Rw
(reception apodization) and summed to generate acoustic
line signals with respect to observation points P. In this case,
it is beneficial that the weighting sequence has a symmetric
distribution centered on the transmission focal point F so
that weight of a transducer located at a center in the array
direction of the reception aperture Rx is a maximum weight.
A distribution shape of the weighting sequence can use a
Hamming window, a Hann window, a rectangular window,
or the like, and the distribution shape is not limited in any
particular way.

[0082] The delay processor 10433 compensates for delay
times of reception signals detected by reception transducers
Rw located in the reception aperture Rx and the summer
10434 performs summing processing, and therefore recep-
tion signals received by the reception transducers Rw based
on a reflected wave from an observation point P are super-
imposed, increasing signal to noise ratio, and reception
signals from the observation point P can be extracted.
[0083] Itis possible to generate acoustic line signals for all
observation points P in the target calculation region Bx from
the processing accompanying one transmission event. In
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correspondence with transmission events, the transmission
aperture Tx is gradually shifted in the array direction while
ultrasound transmission is repeatedly performed, so that
ultrasound transmission is performed from all of the trans-
ducers 101a of the probe 101, and acoustic line signals of the
calculation target regions Bx generated in correspondence
with the transmission events are gradually outputted to the
synthesizer 10435.

v) Synthesizer 10435

[0084] The synthesizer 10435 is a circuit that synthesizes
a frame acoustic line signal from acoustic line signals of the
calculation target region Bx generated in correspondence
with transmission events. The synthesizer 10435 gradually
inputs from the summer 10434 acoustic line signals gener-
ated with respect to a plurality of observation points P in the
calculation target region Bx in correspondence with trans-
mission events, and superimposes the acoustic line signals
with respect to each observation point P by using position of
the observation points P for which acoustic line signals are
acquired as indices, in order to synthesize a frame acoustic
line signal. As described above, ultrasound transmission is
sequentially performed by gradually shifting the transducers
used in the transmission transducer array (transmission
aperture Tx) in correspondence with transmission events.
Thus, the calculation target region Bx based on different
transmission events also gradually shifts position in the
same direction each transmission event. By superimposition
with positions of observation points P for which acoustic
line signals are acquired as indices, a frame acoustic line
signal is synthesized that covers all calculation target
regions Bx.

[0085] A synthesized frame acoustic line signal is output-
ted to the ultrasound image generator 105.

<Operations™>

[0086] The following describes operations of the ultra-
sound signal processing device 150 configured as described
above.

[0087] FIG. 12 is a flowchart illustrating processing in the
ultrasound signal processing device 150.

[0088] First, after the start of ultrasound examination,
when generating a first frame ultrasound image, an index 1
representing a transmission event number is initialized (step
S10).

[0089] Next, in step S20, the transmitter 1031 performs
transmission processing supplying a transmission signal for
causing transmission of an ultrasound beam to each trans-
ducer included in a transmission aperture Tx among the
transducers 101a of the probe 101 (a transmission event).
[0090] Next, in step 830, the receiver 1041 generates
reception signals based on electrical signals obtained from
reception of a reflected ultrasound wave by the probe 101
and outputs to the reception signal holding section 1042,
which holds the reception signals.

[0091] Next, in step S50, the delay-and-sum section 1043
generates one frame of acoustic line signals by generating
acoustic line signals for all observation points in a region of
interest in the subject for which an ultrasound image is to be
generated.

[0092] The following describes in detail the processing of
step S50. FIG. 13 is a flowchart illustrating details of
delay-and-sum processing (step S50). FIG. 14 is a schematic
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diagram for describing an operation of acoustic line signal
generation regarding dependent observation points PF in the
delay-and-sum section 1043.

[0093] In this example, it is assumed that the array center
of the transmission aperture Tx and the array center of the
reception aperture Rx coincide, and in the region of interest
corresponding to an analysis target range of the subject,
where X represents an azimuth direction coordinate and Y
represents a depth direction coordinate, an observation point
P(0,Y) is set on a beam center line parallel to the depth
direction and passing through a center of the reception
aperture Rx for each transmission event, in order to calculate
acoustic line signals.

[0094] First, in step S510, an index j representing the
depth direction coordinate Y of the observation point P(0,))
is set to an initial value (1), and a reference arrival time t(j)
is calculated (step S520). The reference arrival time t(j) is
the time required for ultrasound to make a round-trip
between the observation point P(0,j) and the reception
transducer Rw positioned at an array center of the reception
aperture Rx.

[0095] Next, a maximum value Smax(j) of a delay time
application number S is set (step S530). The delay time
application number S is the number of times the reference
delay time t(j) calculated for the observation point P(0,)) is
applied with respect to observation points P(0,j+S) that are
contiguous in the depth direction from the observation point
P(0,j). At this time, the maximum value Smax(j) of the delay
time application number S may be set differently according
to a value of depth j of the subject. For example, Smax(j)
may be set larger as the value of j is larger. Further, a
threshold for j may be provided, and when j exceeds the
threshold, Smax(j) may be increased.

[0096] Next, an index k for identifying the reception
transducers Rw is set to an initial value (step S540). In this
example, the initial value is set to a minimum value kmin of
reception transducers Rw(kmin to kmax) included in the
reception aperture Rx.

[0097] Next, the delay time calculator 10431 calculates
the delay time Atk for arrival of a reflected wave from the
observation point P(0.j) to the reception transducer Rwk.
More specifically. as illustrated in FIG. 5, the delay time
calculator 10431 geometrically calculates a path length from
the observation point P(0,j) to the reception transducers
Rwk, based on information indicating position of the recep-
tion transducers Rwk and information indicating position of
the observation point P(0,j). Then, the delay time calculator
10431 divides path length differences Adk from the obser-
vation point P(0.j) to the reception transducers Rwk by the
sound velocity value Cs, to calculate the delay time Atk for
the reflected wave to arrive at each reception transducer
Rwk from the observation point P(0,)).

[0098] Next, the delay processor 10433 sets the delay time
application number S to an initial value (0) (step S560),
reads a reception signal sequence RF(k) from the reception
signal holding section 1042 (step S570), specifies a recep-
tion signal value RF(k,t(j)+(2-S-Aa)/Cs+Atk) in the reception
signal sequence RF(k), and sets it as a reception signal value
RF(J+S) (step S575). Here, Aa, as illustrated in FIG. 14, is
a path length difference between observation point P(0.j+
S-1) and observation point P(0,j+S). This example is of a
first iteration, and therefore S=0, and therefore RF(j+S) is set
as RF(k.t(j)+Atk).
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[0099] Next, the summer 10434 is also processing the first
iteration, and therefore the reception signal value RF(j+S) is
replaced by an acoustic line signal DS(j+S) (step S580), and
the acoustic line signal DS(j+S) is stored in the summing
register (step S590).

[0100] Then, whether or not the delay time application
number S is the maximum value Smax is determined (step
S600), and if not the maximum value Smax, S is incre-
mented (step S610) and processing returns to step S575. In
step S575, a reception signal value RF(k,t(j)+(2-S-Aa)/Cs+
Atk) in the reception signal sequence RF(k) is specified and
set as a reception signal value RF(j+S), and a sum of the
reception signal value RF(j+S) the acoustic line signal
DS(j+S) stored in the summing register is calculated (step
S580), the new acoustic line signal DS(j+S) being stored in
the summing register (step S590).

[0101] In step S600, if the delay time application number
S is the maximum value Smax, whether or not the index k
identifying a reception transducer Rw is the maximum value
kmax is determined (step S620), and if not the maximum
value kmax, k is incremented (step S630) and processing
returns to step S550. At this stage, acoustic line signal
DS(j+S) (S=0 to Smax) is stored. In step S550, by specifying
a reception signal value RF(j+S) (S=0 to Smax) for an
adjacent reception transducer Rwk+1, the acoustic line sig-
nal DS(+S) (S=0 to Smax) is updated (step S590).

[0102] In step S620, if k is the maximum value kmax of
reception transducers Rw in the reception aperture Rx, the
acoustic line signal DS(j+S) (S=0 to Smax) with respect to
the observation point P (0,j+S) (S=0 to Smax) is calculated,
j is replaced by j+Smax (step S640), and whether or not j
exceeds a maximum value jmax is determined (step S640).
If j does not exceed the maximum value jmax, j is incre-
mented (step S660) and processing returns to step S520. If
] exceeds the maximum value jmax, processing returns to
step S50.

[0103] Next, returning to FIG. 12, whether or not the
transmission event number 1 is equal to a maximum value
Imax 1s determined (step S70), in order to judge whether or
not ultrasound transmission is complete from all the trans-
ducers 101a of the probe 101. If not complete, 1 is incre-
mented (step S75), processing returns to step S20, and a
transmission event is performed with a gradual shift in the
array direction of the transmission aperture Tx. If complete,
processing proceeds to step S80.

[0104] Next, in step S80, the ultrasound image generator
105 subjects one frame of acoustic line signals outputted
from the delay-and-sum section 1043 to processing such as
envelope detection, logarithmic compression, and the like to
perform luminance conversion, and subjects a resulting
luminance signal to coordinate transformation into an
orthogonal coordinate system in order to generate an ultra-
sound image (B mode image) of one frame.

[0105] Next, in step S90, the display 106 displays on a
display screen the ultrasound image of one frame outputted
from the ultrasound image generator 105, and the ultrasound
signal processing operation is complete.

<Brief Summary>

[0106] The ultrasound signal processing device 150 per-
taining to Embodiment 1 as described above includes: the
transmitter 103 that causes an array of transmission trans-
ducers Tx selected from the transducers 101a to transmit
ultrasound beams; the receiver 1041 that, based on reflected
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waves received received by an array of reception transducers
Rwk, generates reception signal sequences RFk correspond-
ing to the reception transducers Rwk; and a delay-and-sum
section 1043 that, for a reference observation point PRjj
selected from observation points Pij in a region of interest
corresponding to an analysis target range of the subject, (i)
calculates delay times of reflected wave arrival to each of the
reception transducers Rwk from the reference observation
point PRij as reference delay times Atk, and (ii) generates
acoustic line signals DS by using the reference delay times
Atk corresponding to the reception transducers Rwk, and for
one or more dependent observation points PFij in the region
of interest that are contiguous in a depth direction from the
reference observation point PRij, (iii) generates acoustic line
signals DS by applying the reference delay times Atk
corresponding to the reception transducers Rwk.

[0107] According to this configuration, a calculation load
of delay processing in delay-and-sum processing can be
reduced while suppressing a decrease in spatial resolution
and signal to noise ratio of a frame acoustic line signal. As
a result, it is possible to reduce a calculation load of delay
time calculation processing, which is a relatively large
portion of delay-and-sum processing, thereby reducing an
overall calculation load of the delay-and-sum processing.
[0108] According to at least one embodiment, the delay-
and-sum section 1043 generates the acoustic line signals
with respect to the reference observation point PRij by
specifying reception signal values corresponding to the
reference delay times Atk corresponding to the reception
transducers Rwk from reception signal sequences RFk cor-
responding to the reception transducers Rwk, and perform-
ing summing with respect to the reception transducers Rwk,
and the delay-and-sum section 1043 generates the acoustic
line signals with respect to the one or more dependent
observation points PFij by specifying reception signal values
corresponding to the reference delay times Atk correspond-
ing to the reception transducers Rwk from reception signal
sequences RFk corresponding to the reception transducers
Rwk, and performing summing with respect to the reception
transducers Rwk.

[0109] According to this configuration, it is possible to
reduce a calculation load required for delay time calculation
with respect to a dependent observation point.

[0110] According to at least one embodiment, the delay-
and-sum section 1043 generates the acoustic line signals DS
with respect to the reference observation point PRij by
calculating a reference ultrasound round-trip time between
the reference observation point PRij and a reception trans-
ducer Rwk nearest to the reference observation point PRij,
calculating reflected wave arrival times that are each a sum
of the reference ultrasound round-trip time and the reference
delay time Atk corresponding to the reception transducer
Rwk, specifying reception signal values obtained from the
reflected wave arrival times from reception signal sequences
RFk corresponding to the reception transducers Rwk, and
performing summing with respect to the reception transduc-
ers Rwk, and the delay-and-sum section 1043 generates the
acoustic line signals DS with respect to each of the one or
more dependent observation points PFij by calculating an
ultrasound round-trip time between the dependent observa-
tion point PFij and a reception transducer Rwk nearest to the
dependent observation point PFij, calculating approximate
reflected wave arrival times that are each a sum of the
reference ultrasound round-trip time and the reference delay
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time Atk corresponding to the reception transducer Rwk,
specifying reception signal values obtained from the
approximate reflected wave arrival time from reception
signal sequences RFk corresponding to the reception trans-
ducers Rwk, and performing summing with respect to the
reception transducers Rwk.

[0111] According to this configuration, it is possible to
realize a simple calculation method of applying a reference
delay time to delay times of dependent observation points,
and to configure an ultrasound signal processing device that
can reduce a calculation load of delay processing with
respect to the dependent observation points.

Embodiment 2

[0112] According to the ultrasound signal processing
device 150 pertaining to Embodiment 1, the delay-and-sum
section 1043, in correspondence with a transmission event,
is configured to set a calculation target region Bx as a
rectilinear region that passes through an array center of the
reception aperture Rx, is perpendicular to the transducer
array, and has a width of a single transducer. Further, the
delay-and-sum section 1043 is configured to generate acous-
tic line signals by performing delay-and-sum with respect to
reception signal sequences received by reception transduc-
ers from a plurality of observation points in the calculation
target region Bx. However, the calculation target region Bx
is not limited to this example, and may be set as any region
included in the ultrasound primary irradiation region Ax.
According to the ultrasound signal processing device per-
taining to Embodiment 2, the calculation target range Bx is
set to a range substantially equal to the ultrasound primary
irradiation region Ax, which has an hourglass shape, and
acoustic line signals are generated in correspondence with a
transmission event for a plurality of observation points
distributed in the calculation target region Bx that has an
hourglass shape, which is a different configuration from that
of Embodiment 1. According to this method, by performing
delay control taking into account both a propagation path of
transmitted ultrasound and an arrival time of a reflected
wave propagating according to the propagation path to a
transducer, reception beamforming can be performed that
reflects ultrasound reflected from the ultrasound primary
radiation region from positions outside the immediate vicin-
ity of a transmission focal point. As a result, acoustic line
signals can be generated with respect to an entire ultrasound
primary irradiation region from one ultrasound transmission
event. Further, in the ultrasound signal processing device
pertaining to Embodiment 2, a configuration is adopted of
using a synthetic aperture method to generate one frame of
acoustic line signals by synthesizing a plurality of reception
signals with respect to the same observation point, obtained
from a plurality of transmission events, by using coordinates
of observation points as a reference. Thus, a high spatial
resolution and high signal to noise ratio ultrasound image
can be obtained.

<Overview>

[0113] The ultrasound signal processing device pertaining
to Embodiment 2 is different from the ultrasound signal
processing device 150 pertaining to Embodiment 1 in terms
of processing operations in a delay-and-sum section, but has
the same structure as the ultrasound signal processing device
150 illustrated in FIG. 1 and FIG. 3.
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[0114] The following is an overview of differences in
processing in the delay-and-sum section of the ultrasound
signal processing device pertaining to Embodiment 2.
[0115] According to the transmitter 1031 pertaining to
Embodiment 2, the ultrasound primary irradiation region Ax
irradiated by an ultrasound beam in a subject is the same as
the region of the ultrasound signal processing device 150
illustrated in FIG. 2.

[0116] According to the ultrasound signal processing
device pertaining to Embodiment 2, a range of the calcula-
tion target region Bx for which acoustic line signals are
generated each transmission event is different from a region
according to the ultrasound signal processing device 150 as
illustrated in FIG. 5. The delay-and-sum section 1043 per-
taining to Embodiment 2 generates acoustic line signals with
respect to a plurality of observation points Pij in the calcu-
lation target region Bx that has the same range as the
ultrasound primary irradiation region Ax for each transmis-
sion event.

[0117] Further, according to the delay-and-sum section
1043 pertaining to Embodiment 2, observation points Pij are
classified into reference observation points PRij that are
targets for reference delay time calculation and dependent
observation points PFij to which the reference delay time is
applied in delay-and-sum processing.

1. Delay-and-Sum Processing with Respect to Reference
Observation Point PR

[0118] The delay-and-sum section 1043 performs delay-
and-sum processing with respect to a reference observation
point PRij in order to calculate a reference delay time. At this
time, the delay-and-sum section 1043 selects a reception
aperture Rx transducer array so that an array center coin-
cides with the reception transducer Rwk that is spatially
closest to the observation point PRij. FIG. 15 is a schematic
diagram illustrating a relationship between a reception aper-
ture Rx and a transmission aperture Tx as set in Embodiment
2. As illustrated in FIG. 15, a transducer array constituting
the reception aperture Rx transducer array is selected such
that an array center of the reception aperture Rx transducer
array coincides with a reception transducer Rwk that is
spatially closest to an observation point PRij. Thus, even for
different transmission events, in processing generating
acoustic line signals for an observation point PRij in the
same position, delay-and-sum is performed based on recep-
tion signals acquired by the same reception transducer Rwk
in the reception aperture Rx.

[0119] FIGS. 16A and 16B are schematic diagrams for
describing propagation paths of ultrasound emitted from a
transmission aperture Tx, reflected at an observation point
PRjj at any position in a calculation target region Bx, and
arriving at a reception transducer Rk located in a reception
aperture Rx, as calculated by the delay time calculator 10431
pertaining to Embodiment 2. FIG. 16A illustrating an obser-
vation point PRij deeper than a focal depth, and FIG. 16B
illustrating an observation point PRij at a depth equal to or
less than the focal depth.

[0120] First, a transmitted wave emitted from the trans-
mission aperture Tx has a wavefront that propagates along
a path 401 and converges at a transmission focal point F,
then diffuses again. The transmitted wave reaches an obser-
vation point PRij while converging or diffusing, a reflected
wave is generated at the observation point PRij if there is a
change in acoustic impedance, and the reflected wave
returns to a reception transducer Rk in the reception aperture
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Rx of the probe 110. The transmission focal point F is
defined as a design value of the transmission beamformer
103, and therefore length of a path 402 between the trans-
mission focal point F and any observation point PRij can be
geometrically calculated.

[0121] A method of calculating transmission time is
described in more detail below.

[0122] Initially, as illustrated in FIG. 16A, when the
observation point PRij is deeper than the focal depth, a
transmission wave radiated from the transmission aperture
Tx is calculated as having reached the transmission focal
point F via the path 401 and the observation point PRij from
the transmission focal point F via the path 402. Accordingly,
the transmission time is a sum of time taken for the trans-
mission wave to propagate along the path 401 and to
propagate along the path 402. More specifically, for
example, the transmission time can be obtained by dividing
a sum of length of the path 401 and length of the path 402
by a propagation speed of ultrasound in a subject.

[0123] On the other hand, as illustrated in FIG. 16B, when
the depth of the observation point PRij is equal to or less
than the focal depth, calculation is performed assuming that
for a transmission wave radiated from the transmission
aperture Tx, a time at which the transmission wave arrives
at the transmission focal point F via the path 401 is the same
as a time at which the transmission wave arrives at the
transmission focal point F from the observation point PRjj
via the path 402 after arriving at the observation point PRjj
via a path 404. That is, a value obtained by subtracting the
time for a transmission wave to propagate along the path 402
from the time to propagate along the path 401 becomes the
transmission time. More specifically, for example, the trans-
mission time can be obtained by dividing a path length
difference obtained by subtracting length of the path 402
from length of the path 401 by a propagation speed of
ultrasound in a subject.

[0124] Next is a description of a method of calculating
reception time.
[0125] FIG. 17 is a schematic diagram for describing an

operation of acoustic line signal generation regarding a
reference observation point PRij in the delay-and-sum sec-
tion 1043. A transmission wave radiated from the transmis-
sion aperture Tx propagates along path 401, a wavefront
thereof converging at the transmission focal point F diffus-
ing again to arrive at the reference observation point PRij,
where a change in acoustic impedance at the reference
observation point PRij generates a reflected wave, the
reflected wave returning to reception transducers Rwk of the
reception aperture Rx of the probe 101. A length of the paths
401+402 to the reference observation point PRij via the
transmission focal point F, and a length of the path 403 from
the reference observation point PRij to each reception trans-
ducer Rwk can be geometrically calculated. More specifi-
cally, regarding delay time with respect to the reference
observation point PR, as illustrated in FIG. 17, the delay
time calculator 10431 geometrically calculates length of
paths from the reference observation point PR to each
reception transducer Rwk (k=1 to kmax), based on infor-
mation indicating position of the reception transducer Rw
and information indicating position of the reference obser-
vation point PR, in correspondence with a transmission
event. A difference Adk of path length from the reference
observation point PR to each reception transducer Rwk is
divided by the sound velocity value Cs to calculate, for each
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reception transducer Rwk, a delay time Atk of a reflected
wave arriving at each reception transducer Rw from any
reference observation point PR.

2. Application of Reference Delay Time to Dependent
Observation Point PF

[0126] The delay-and-sum section 1043 pertaining to
Embodiment 2 also generates an acoustic line signal by
applying a reference delay time to each of the reception
transducers Rw with respect to the reference observation
point PR and one or more dependent observation points PF
that are contiguous with the reference observation point PR
in the depth direction. At this time, the reference delay time
calculated for the reference observation point PR is applied
to the dependent observation points PF that are contiguous
with the reference observation point PR in the depth direc-
tion. Details of a method of applying reference delay time to
dependent observation points PF are provided later.

<Operations™>

[0127] The following is a description of operations of an
ultrasound signal processing device pertaining to Embodi-
ment 2, with reference to the drawings. FIG. 18 is a
flowchart illustrating processing in an ultrasound signal
processing device pertaining to Embodiment 2. Operations
that are the same as in FIG. 12 are assigned the same step
numbers, and description thereof is not repeated here.
[0128] First, an index 1 representing a transmission event
number is initialized (step S10).

[0129] Next, in step S20, the transmitter 1031 performs
transmission processing supplying a transmission signal for
causing transmission of an ultrasound beam to each trans-
ducer included in a transmission aperture Tx (a transmission
event).

[0130] Next, in step S30, the receiver 1041 generates
reception signals based on reception of a reflected wave, and
the reception signals are stored by the reception signal
holding section 1042.

[0131] Next, in step S50A, the delay-and-sum section
1043 generates one frame of acoustic line signals with
respect to all observation points in a region of interest in the
subject for which an ultrasound image is to be generated.
[0132] The following describes details of processing in
step SS50A. FIG. 19 is a flowchart illustrating details of
delay-and-sum processing (step S50A). FIG. 20 is a sche-
matic diagram for describing an operation of acoustic line
signal generation regarding dependent observation points PF
in the delay-and-sum section 1043.

[0133] Operations that are the same as in FIG. 13 are
assigned the same step numbers, and description thereof is
not repeated here.

[0134] First, an index j representing the depth direction
coordinate Y of the observation point P(i,j) is set to an initial
value (1) (step S510), an index i representing the azimuth
direction coordinate X of the observation point P(i,j) is set
to an initial value (imin) (step S515A), and a reference delay
time t(j) is calculated (step S520).

[0135] Next, a maximum value Smax(j) of a delay time
application number S is set (step S530). An index k for
identifying the reception transducers Rw is set to an initial
value, and is here set to kmin, as one example (step S540).
[0136] Next, the delay time calculator 10431 calculates
the delay time Atk for arrival of a reflected wave from the

May 23, 2019

observation point P(i,j) to the reception transducer Rwk.
More specifically, as illustrated in FIG. 17, the delay time
calculator 10431 geometrically calculates length of a path
from the observation point P(i,j) to the reception transducer
Rwk, based on information indicating position of the recep-
tion transducer Rwk and information indicating position of
the observation point P(i,j), and calculates the delay time Atk
for arrival of a reflected wave to each reception transducer
Rwk from the observation point P(i,j) by dividing a path
length difference Adk from the observation point P(i,j) to the
reception transducers Rwk by the sound velocity value Cs.
[0137] Next, the delay processor 10433 sets the delay time
application number S to an initial value (0) (step S560),
reads a reception signal sequence RF(k) from the reception
signal holding section 1042 (step S570), specifies a recep-
tion signal value RF(k,t(j)+Atk) in the reception signal
sequence RF(k), and sets it as a reception signal value
RF(G+S) (step S575).

[0138] Next, the summer 10434 the reception signal value
RF(j+S) is replaced by an acoustic line signal DS(j+S) (step
S580), and the acoustic line signal DS(j+S) is stored in the
summing register (step S590).

[0139] Then, whether or not the delay time application
number S is the maximum value Smax is determined (step
S600), and if not the maximum value Smax, S is incre-
mented (step S610) and processing returns to step S575,
where a reception signal value RF(k,t(j)+(2-S-Aa)/Cs+Atk) is
specified and set as a reception signal value RF(j+S), and a
sum of the reception signal value RF(j+S) and an acoustic
line signal DS(j+S) stored in the summing register (step
S580) is stored in the summing register (step S590).
[0140] In step S600, if the delay time application number
S is the maximum value Smax, whether or not the index k
identifying a reception transducer Rw is the maximum value
kmax is determined (step S620), and if not the maximum
value kmax, k is incremented (step S630) and processing
returns to step S550. In step S620, when k is the maximum
value kmax of the reception transducers Rw in the reception
aperture Rx, whether or not i the maximum value imax is
determined (step S632A). When i is not the maximum value
imax, i is incremented (step S634A), and processing returns
to step S520. When i is the maximum value imax, an
acoustic line signal DS(i,j+S) (i=1 to imax, S=0 to Smax) is
calculated with respect to an observation point P (i,j+S) (8=0
to Smax), j is replaced by j+Smax (step S640), and whether
or not j exceeds a maximum value jmax is determined (step
S650). If j does not exceed the maximum value jmax, j is
incremented (step S660) and processing returns to step
S515A. If j exceeds the maximum value jmax, an acoustic
line signal DS(1,j) (i=1 to imax, j=1 to jmax) is calculated,
and processing returns to step S50A.

[0141] Next, returning to FIG. 18, whether or not the
transmission event number 1 is equal to a maximum value
Imax is determined (step S70), in order to judge whether or
not ultrasound transmission is complete from all the trans-
ducers 101a of the probe 101. If not complete, 1 is incre-
mented (step S75), processing returns to step S20, and a
transmission event is performed with a gradual shift in the
array direction of the transmission aperture Tx. If complete,
processing proceeds to step S7T5A.

[0142] Next, in step S75A, the synthesizer 10435 sums a
plurality of acoustic line signals DS(i,j) using position of
observation points Pij for which acoustic line signals
included in the acoustic line signals DS(i,j) are acquired as
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an index, thereby generating a synthesized acoustic line
signal with respect to each observation point Pij.

[0143] FIG. 21 is a schematic diagram illustrating synthe-
sized acoustic line signal synthesis processing by the syn-
thesizer 10435. As described above, ultrasound transmission
is sequentially performed by shifting the transducers used in
the transmission transducer array (transmission aperture Tx)
one transducer in the transducer array direction each time, in
correspondence with transmission events. Thus, a position
of the calculation target region Bx based on different trans-
mission events also differs by one transducer in the same
direction for each transmission event. By summing a plu-
rality of acoustic line signals DS(i,j) with position of obser-
vation points Pij for which acoustic line signals were
acquired as an index, one frame of acoustic line signals
covering all of a region of interest is synthesized.

[0144] Further, regarding observation points Pij present
across a plurality of calculation target regions Bx having
different positions each transmission event, values of acous-
tic line signals DS(i,j) calculated for each transmission event
are summed, and therefore a synthesized acoustic line signal
indicates a larger value the greater the number of calculation
target regions Bx corresponding to transmission events an
observation point Pij is in. Here, a number of times an
observation point Pij is included in a calculation target
region Bx is defined as a “superposition number” and a
maximum value of superposition in the transducer array
direction is defined as a “maximum superposition number”.
[0145] Next, in step S80, the ultrasound image generator
105 subjects one frame of acoustic line signals outputted
from the delay-and-sum section 1043 to processing such as
envelope detection, logarithmic compression, and the like to
perform luminance conversion, and subjects a resulting
luminance signal to coordinate transformation into an
orthogonal coordinate system in order to generate an ultra-
sound image (B mode image) of one frame.

[0146] Next, in step S90, the display 106 displays on a
display screen the ultrasound image of one frame outputted
from the ultrasound image generator 105, and the ultrasound
signal processing operation is complete.

<Brief Summary>

[0147] In the ultrasound signal processing device 150
pertaining to Embodiment 2 as described above, in addition
to the structure described pertaining to Embodiment 1, the
delay-and-sum section 1043 generates the acoustic line
signals by performing delay-and-sum processing with
respect to the reception signal sequences RFk based on
reflected waves obtained from the ultrasound primary irra-
diation region Ax, with respect to observation points Pijj
corresponding to positions in the ultrasound primary irra-
diation region AX.

[0148] According to this configuration, a simple calcula-
tion method can be implemented of applying the reference
delay time to dependent observation points PFij even when
delay-and-sum processing is performed with respect to a
large number of dependent observation points PFij, and an
acoustic line signal can be generated in one transmission
event with respect to observation points distributed in an
ultrasound primary irradiation region AX.

[0149] According to at least one embodiment, the delay-
and-sum section 1043, in the calculating of the ultrasound
round-trip time between the dependent observation point
PFij and the reception transducer Rwk nearest to the depen-
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dent observation point PFij, performs summing of the ref-
erence ultrasound round-trip time between the reference
observation point PRij and the reception transducer Rwk
nearest to the reference observation point PRij and an
ultrasound round-trip time between the reference observa-
tion point PRij and the dependent observation point PFij.
[0150] According to this configuration, a simple calcula-
tion method can be implemented of applying the reference
delay time to dependent observation points even when a
synthetic aperture method should be applied to delay-and-
sum processing with respect to a large number of observa-
tion points, and it is possible to specifically configure an
ultrasound signal processing device capable of reducing
calculation load of delay processing with respect to depen-
dent observation points.

[0151] According to at least one embodiment, the trans-
mitter 103 repeatedly performs a transmission event of
transmitting the ultrasound beam, and shifts the array of the
transmission transducers Tx in the azimuth direction for
each of the transmission events, and the ultrasound signal
processing device 150 further comprises a synthesizer 105
that generates a synthesized acoustic line signal by synthe-
sizing a plurality of acoustic line signals DS by using
positions of observation points Pij as a reference, based on
reflected ultrasound received from the subject in correspon-
dence with each of the transmission events.

[0152] According to this configuration, with respect to a
synthetic aperture method of generating and synthesizing
acoustic line signals with respect to an entire ultrasound
primary irradiation region from one ultrasound transmission
event by using convergent transmission beamforming, a
calculation load for calculating delay time for each obser-
vation point can be reduced. As a result, calculation load for
acoustic line signal generation can be reduced while sup-
pressing a reduction in spatial resolution and signal to noise
ratio.

[0153] At this time, in a range deeper than the focal point
F in the depth direction in the region of interest, the greater
the number of acoustic line signals DS superposed with
respect to the same observation point Pij having the same
position in the azimuth direction and the depth direction, the
greater the number of the dependent observation points PFij
with respect to the reference observation point PRij.
[0154] According to this configuration, the reduction in
calculation load pertaining to delay time calculation with
respect to observation points can be adjusted according to a
number of superposed acoustic line signals DS.

«Modification 1»

[0155] According to at least one embodiment, a probe
configuration is illustrated in which the transducers 101a are
arranged along a one-dimensional direction. However, con-
figuration of the probe 101 is not limited to this. For
example, a two-dimensional transducer array in which the
transducers 101a are arrayed on a two-dimensional plane or
a rocking-type probe that acquires a three-dimensional
tomographic image by mechanical rocking of a plurality of
transducers arranged along a one-dimensional direction may
be used as appropriate, depending on measurement require-
ments.

[0156] FIG. 22 is a schematic plan view diagram illustrat-
ing an aspect of transducers 101Ba of a probe 101B used in
an ultrasound signal processing device pertaining to Modi-
fication 1. In the probe 101B, the transducers 101Ba are
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arranged in two dimensions (X1, X2), and by individually
changing timing of voltage application and voltage values
applied to the transducers 101Ba, it is possible to control
irradiation position and direction of a transmitted ultrasound
beam in three dimensions (X1, X2, Y).

[0157] According to the ultrasound signal processing
device pertaining to Modification 1, beamforming in an X1
direction uses a one-dimensional transducer array 101BaX1
positioned centrally in an X2 direction to perform process-
ing that is the same as for the transmission beamformer 103
and the reception beamformer 104 described for Embodi-
ment 1 or Embodiment 2.

[0158] On the other hand, beamforming in the X2 direc-
tion employs a configuration in which a simple process is
applied to delay time calculated based on transmission and
reception from the transducer array 101BaX1 positioned
centrally in the X2 direction.

[0159] More specifically, for example, the delay time Atk
that is calculated as if transducers 101Bal that are central in
the X2 direction are the reception transducers Rwk is
applied to transducers 101Ba2 that are adjacent to the
transducers 101Bal; and regarding transducers 101Ba3 that
are positioned on the outside in the X2 direction, processing
that is the same as for transmission beamformer 103 and the
reception beamformer 104 described for Embodiment 1 or
Embodiment 2 is performed by using a one-dimensional
transducer array in the X1 direction positioned on the
outside in the X2 direction. According to this configuration,
the calculation load for delay-and-sum processing can be
reduced to 2/5.

[0160] Alternatively, the delay time Atk calculated treating
the transducers 101Bal as reception transducers Rwk may
also be applied to the transducers 101Ba3 positioned on the
outside in the X2 direction. Alternatively, a delay time Atk
that is longer than the delay time Atk applied to the trans-
ducers 101Bal by a certain time may be applied. In this case,
the calculation load of delay-and-sum processing can be
reduced to 1/5.

[0161] As described above, according to a configuration
pertaining to Modification 1, in beamforming in a direction
orthogonal to an azimuth direction of a two-dimensional
probe, simple processing can be adopted such that a delay
time calculated based on transmission and reception from a
transducer array 101BaX1 positioned centrally in the azi-
muth direction can also be applied to the transducers 101B2
and the transducers 101Ba3, and therefore even when using
a two-dimensional probe for which calculation load is
relatively large, the calculation load of delay-and-sum pro-
cessing can be reduced.

«Modification 2»

[0162] According to the ultrasound diagnostic device 100
pertaining to at least one embodiment, the delay-and-sum
section 1043, with respect to a reference observation point
PRjj selected from observation points in a region of interest
corresponding to an analysis target range of a subject,
calculates a delay time of arrival of a reflected wave from the
reference observation point PRij to each reception trans-
ducer Rwk as a reference delay time Atk and generates
acoustic line signals DS by using the reference delay time
Atk for each reception transducer Rwk. Further, with respect
to one or more dependent observation points PFij that are
contiguous in the depth direction from the reference obser-
vation point PRij, the delay-and-sum section 1043 generates
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acoustic line signals DS by using the reference delay time
Atk with respect to each of the reception transducers Rwk.

[0163] However, according to an ultrasound signal pro-
cessing device pertaining to Modification 2, the reference
observation point is set as a first reference observation point
PRij, and a second reference observation point PRij that is
contiguous with the first reference observation point PRjj in
the depth direction is selected, and a delay time of arrival of
areflected wave from the second reference observation point
PRjj to each reception transducer Rwk is calculated as a
second reference delay time Atk, and acoustic line signals
DS are generated for each reception transducer Rwk by
using the second reference delay time Atk. Further, with
respect to one or more dependent observation points PFij
that are contiguous in the depth direction from the first and
second reference observation points PRij, acoustic line sig-
nals DS are generated by application of an interpolated delay
time Atk calculated by interpolation based on the first
reference delay time Atk and the second reference delay time
Atk

[0164] In this case, according to the ultrasound signal
processing device pertaining to Modification 2, immediately
after an iteration calculating the first reference delay time
Atk with respect to the first reference observation point PRij,
an iteration is performed calculating the second reference
delay time Atk with respect to the second reference obser-
vation point PRij, and therefore calculation of the first and
second reference delay time with respect to both reference
observation points PRij can be performed before delay-and-
sum processing with respect to a dependent observation
point PFij. Thus, the interpolated delay time used in delay-
and-sum processing with respect to the dependent observa-
tion point PFij can be calculated appropriately.

[0165] Further, calculation of the interpolated delay time,
with respect to a dependent observation point PFij, the first
reference delay time and the second reference delay time
Atk, can be performed by interpolation based on a distance
between a dependent observation point PFij and the first
reference observation point PRij or the second reference
observation point PRij. Then acoustic line signals can be
generated by applying the interpolated delay time to each
reception transducer with respect to dependent observation
points PRij. According to this configuration, even when a
region of interest is positioned where a refractive index of
tissue of the subject rapidly changes, a more accurate
interpolated delay time can be applied to delay-and-sum
processing with respect to a dependent observation point
PFij.

[0166] As described above, according to an ultrasound
signal processing device and an ultrasound signal processing
method pertaining to aspects of the present disclosure, it is
possible to reduce a calculation load of delay time calcula-
tion processing, which is a relatively large portion of delay-
and-sum processing, thereby reducing an overall calculation
load of the delay-and-sum processing, while suppressing a
decrease in spatial resolution and signal to noise ratio of
acoustic line signals.

«Other Modifications»

[0167] In the ultrasound diagnostic device 100 pertaining
to at least one embodiment, configuration of the transmis-
sion beamformer 103 and the reception beamformer 104 can
be changed as appropriate.
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[0168] For example, according to at least one embodi-
ment, the transmitter 1031 sets a transmission aperture Tx
that is an array of transmission transducers corresponding to
a plurality of the transducers 101a of the probe 101, and
repeats ultrasound transmission while gradually shifting the
transmission aperture Tx in the array direction with each
ultrasound transmission in order to perform ultrasound
transmission from all of the transducers 101a of the probe
101.

[0169] However, the transmitter 1031 may be configured
to perform ultrasound transmission from all of the transduc-
ers 101¢ of the probe 101. Without repeating ultrasound
transmission, reflected ultrasound can be received from an
entirety of the ultrasound primary irradiation region Ax from
one ultrasound transmission.

[0170] Further, according to at least one embodiment, the
calculation target region Bx is a straight line region having
a width of one transducer, perpendicular to the transducer
array and passing through an array center of the reception
aperture Rx.

[0171] However, the calculation target region Bx is not
limited to this example, and may be set as any region
included in the ultrasound primary irradiation region Ax. For
example, a rectangular region having a width of a plurality
of transducers, extending in a straight line perpendicular to
the transducer array and passing through an array center of
the reception aperture Rx may be used. Further, an hour-
glass-shaped region similar to the ultrasound primary irra-
diation region Ax may be used. Further, the calculation
target regions Bx set for each transmission event may be set
to overlap in the transducer array direction. It is possible to
improve the signal to noise ratio of ultrasound images
generated by synthesizing acoustic line signals of regions
that overlap, according to a synthetic aperture method.
[0172] Further, the present disclosure describes the
embodiments above, but the present disclosure is not limited
to these embodiments, and the following examples are also
included in the scope of the present invention.

[0173] For example, the present invention may be a com-
puter system including a microprocessor and a memory, the
memory storing a computer program and the microprocessor
operating according to the computer program. For example,
the present invention may be a computer system that oper-
ates (or instructs operation of connected elements) according
to a computer program of a diagnostic method of an ultra-
sound diagnostic device of the present invention.

[0174] Further, examples in which all or part of the
ultrasound diagnostic device, or all or part of a beamforming
section are constituted by a computer system including a
microprocessor, a storage medium such as ROM, RAM, etc.,
a hard disk unit, and the like, are included in the present
invention. A computer program for achieving the same
operations as the devices described above may be stored in
RAM or a hard disk unit; the microprocessor operating
according to the computer program, thereby realizing the
functions of each device.

[0175] Further, all or part of the elements of each device
may be configured as one system large scale integration
(LSI). A system LSI is an ultra-multifunctional LSI manu-
factured by integrating a plurality of elements on one chip,
and more specifically is a computer system including a
microprocessor, ROM, RAM, and the like. The plurality of
elements can be integrated on one chip, or a portion may be
integrated on one chip. Here, LSI may refer to an integrated
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circuit, a system LSI, a super LSI, or an ultra LS, depending
on the level of integration. A computer program for achiev-
ing the same operation as the devices described above may
be stored in the RAM; the microprocessor operating accord-
ing to the computer program, the system LSI thereby real-
izing the functions of each device. For example, a case of the
beamforming method of the present invention stored as a
program of an LSI, the LSI being inserted into a computer
and a defined program (beamforming method) being
executed is also included in the present invention.

[0176] Note that methods of circuit integration are not
limited to LSI, and implementation may be achieved by a
dedicated circuit or general-purpose processor. After LSI
manufacture, a field programmable gate array (FPGA) or a
reconfigurable processor, in which circuit cell connections
and settings in the LSI can be reconfigured, may be used.

[0177] Further, if a circuit integration technology is intro-
duced that replaces LSI due to advances in semiconductor
technology or another derivative technology, such technol-
ogy may of course be used to integrate the function blocks.

[0178] Further, all or part of the functions of an ultrasonic
diagnostic device pertaining to at least one embodiment may
be implemented by execution of a program by a processor
such as a CPU. The present invention may be a non-
transitory computer-readable storage medium on which a
program is stored that causes execution of an MTI filter or
velocity analysis of an ultrasound diagnostic device
described above. A program and signals may be recorded
and transferred on a storage medium so that the program
may be executed by another independent computer system,
or the program may of course be distributed via a transmis-
sion medium such as the Internet.

[0179] Alternatively, each component element of an ultra-
sound diagnostic device pertaining to an embodiment may
be implemented by a programmable device such as a central
processing unit (CPU), a graphics processing unit (GPU), a
processor, or the like, and software. A configuration using a
GPU may be referred to as general-purpose computing on a
graphics processing unit (GPGPU). These component ele-
ments can each be a single circuit component or an assembly
of circuit components. Further, a plurality of component
elements can be combined into a single circuit component or
can be an aggregate of a plurality of circuit components.

[0180] According to an ultrasound diagnostic device per-
taining to at least one embodiment, the ultrasound diagnostic
device includes a data storage as a storage device. However,
the storage device is not limited to this example and may be
a semiconductor memory, hard disk drive, optical disk drive,
magnetic storage device, or the like that is externally con-
nectable to the ultrasound diagnostic device.

[0181] Further, the division of function blocks in the block
diagrams is merely an example, and a plurality of function
blocks may be implemented as one function block, one
function block may be divided into a plurality, and a portion
of a function may be transferred to another function block.
Further, a single hardware or software element may process
the functions of a plurality of function blocks having similar
functions in parallel or by time division.

[0182] Further, the order in which steps described above
are executed is for illustrative purposes, and the steps may
be in an order other than described above. Further, a portion
of the steps described above may be executed simultane-
ously (in parallel) with another step.
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[0183] Further, the ultrasound diagnostic device is
described as having an externally connected probe and
display, but may be configured with an integral probe and/or
display.

[0184] Further, a portion of functions of transmitters and
receivers may be included in the probe. For example, a
transmission electrical signal may be generated and con-
verted to ultrasound in the probe, based on a control signal
for generating a transmission electrical signal outputted
from the transmitter. It is possible to use a configuration that
converts received reflected ultrasound into a reception elec-
trical signal and generates a reception signal based on the
reception electrical signal in the probe.

[0185] Further, at least a portion of functions of each
ultrasound diagnostic device pertaining to an embodiment,
and each modification thereof, may be combined. Further,
the numbers used above are all illustrative, for the purpose
of explaining the present invention in detail, and the present
invention is not limited to the example numbers used above.
[0186] Further, the present invention includes various
modifications that are within the scope of conceivable ideas
by a person skilled in the art.

«Review»

[0187] The ultrasound signal processing device pertaining
to at least one embodiment is an ultrasound signal process-
ing device that transmits an ultrasound beam into a subject
by using an ultrasound probe in which transducers are
arranged along an azimuth direction and generates acoustic
line signals based on reflected waves obtained from the
subject, the ultrasound signal processing device comprising:
ultrasound signal processing circuitry, the ultrasound signal
processing circuitry comprising: a transmitter that causes an
array of transmission transducers selected from the trans-
ducers to transmit the ultrasound beam; a receiver that,
based on reflected waves received by an array of reception
transducers selected from the transducers, generates recep-
tion signal sequences corresponding to the reception trans-
ducers; and a delay-and-sum section that, for a reference
observation point selected from observation points in a
region of interest corresponding to an analysis target range
of the subject, (1) calculates delay times of reflected wave
arrival to each of the reception transducers from the refer-
ence observation point as reference delay times, and (ii)
generates acoustic line signals by using the reference delay
times corresponding to the reception transducers, and for
one or more dependent observation points in the region of
interest that are contiguous in a depth direction from the
reference observation point, (iii) generates acoustic line
signals by applying the reference delay times corresponding
to the reception transducers.

[0188] According to this configuration, it is possible to
reduce a calculation load of delay time calculation process-
ing, which is a relatively large portion of delay-and-sum
processing, thereby reducing an overall calculation load of
the delay-and-sum processing, while suppressing a decrease
in spatial resolution and signal to noise ratio of frame
acoustic line signals.

[0189] According to at least one embodiment, the delay-
and-sum section generates the acoustic line signals with
respect to the reference observation point by specifying
reception signal values corresponding to the reference delay
times corresponding to the reception transducers from recep-
tion signal sequences corresponding to the reception trans-
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ducers, and performing summing with respect to the recep-
tion transducers, and the delay-and-sum section generates
the acoustic line signals with respect to the one or more
dependent observation points by specifying reception signal
values corresponding to the reference delay times corre-
sponding to the reception transducers from reception signal
sequences corresponding to the reception transducers, and
performing summing with respect to the reception transduc-
ers.

[0190] According to this configuration, it is possible to
reduce a calculation load required for delay time calculation
with respect to a dependent observation point.

[0191] According to at least one embodiment, the delay-
and-sum section generates the acoustic line signals with
respect to the reference observation point by calculating a
reference ultrasound round-trip time between the reference
observation point and a reception transducer nearest to the
reference observation point, calculating reflected wave
arrival times that are each a sum of the reference ultrasound
round-trip time and the reference delay time corresponding
to the reception transducer, specifying reception signal val-
ues obtained from the reflected wave arrival times from
reception signal sequences corresponding to the reception
transducers, and performing summing with respect to the
reception transducers, and the delay-and-sum section gen-
erates the acoustic line signals with respect to each of the
one or more dependent observation points by calculating an
ultrasound round-trip time between the dependent observa-
tion point and a reception transducer nearest to the depen-
dent observation point, calculating approximate reflected
wave arrival times that are each a sum of the reference
ultrasound round-trip time and the reference delay time
corresponding to the reception transducer, specifying recep-
tion signal values obtained from the approximate reflected
wave arrival time from reception signal sequences corre-
sponding to the reception transducers, and performing sum-
ming with respect to the reception transducers.

[0192] According to this configuration, it is possible to
realize a simple calculation method of applying a reference
delay time to delay times of dependent observation points,
and to configure an ultrasound signal processing device that
can reduce a calculation load of delay processing with
respect to the dependent observation points.

[0193] According to at least one embodiment, the delay-
and-sum section, in the calculating of the ultrasound round-
trip time between the dependent observation point and the
reception transducer nearest to the dependent observation
point, performs summing of the ultrasound round-trip time
between the reference observation point and the reception
transducer nearest to the reference observation point and an
ultrasound round-trip time between the reference observa-
tion point and the dependent observation point.

[0194] According to this configuration, a simple calcula-
tion method can be implemented of applying the reference
delay time to dependent observation points even when a
synthetic aperture method should be applied to delay-and-
sum processing with respect to a large number of observa-
tion points, and it is possible to specifically configure an
ultrasound signal processing device capable of reducing
calculation load of delay processing with respect to depen-
dent observation points.
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[0195] According to at least one embodiment, the greater
the depth in the subject, the greater the number of the
dependent observation points with respect to the reference
observation point.

[0196] According to this configuration, for example, as
depth increases, a sampling period increases in steps to
reduce reference observation point occurrence frequency,
thereby making it possible to prevent the inefliciency of
calculation results not being reflected in output even when
delay processing calculation is performed with respect to
each observation point adjacent in the depth direction, and
delay processing calculation results can be reflected in the
output without excess or shortfall.

[0197] According to at least one embodiment, in the
region of interest, a plurality of sets of the reference obser-
vation point and the one or more dependent observation
points alternate in the depth direction of the subject.
[0198] According to at least one embodiment, the trans-
mitter sets a focal point defining a point which the ultra-
sound beam converges towards in the subject, and causes the
transmission to be performed such that the ultrasound beam
converges towards the focal point from the array of the
transmission transducers in an ultrasound primary irradia-
tion region defined as a range between two straight lines that
cross at the focal point and connect to transducers at ends of
the array of the transmission transducers. Further, according
to at least one embodiment, the delay-and-sum section
generates the acoustic line signals by performing delay-and-
sum processing with respect to the reception signal
sequences based on reflected waves obtained from the
ultrasound primary irradiation region, with respect to obser-
vation points positioned on a line parallel to the depth
direction passing through the focal point among observation
points corresponding to positions in the ultrasound primary
irradiation region.

[0199] Further, according to at least one embodiment, the
delay-and-sum section generates the acoustic line signals by
performing delay-and-sum processing with respect to the
reception signal sequences based on reflected waves
obtained from the ultrasound primary irradiation region,
with respect to observation points corresponding to posi-
tions in the ultrasound primary irradiation region.

[0200] According to this configuration, a simple calcula-
tion method can be implemented of applying the reference
delay time to dependent observation points even when
delay-and-sum processing is performed with respect to a
large number of dependent observation points, and an acous-
tic line signal can be generated in one transmission event
with respect to observation points distributed in an ultra-
sound primary irradiation region Ax.

[0201] According to at least one embodiment, the trans-
mitter repeatedly perfornis a transmission event of transmit-
ting the ultrasound beam, and shifts the array of the trans-
mission transducers in the azimuth direction for each of the
transmission events, and the ultrasound signal processing
device further comprises a synthesizer that generates a
synthesized acoustic line signal by synthesizing a plurality
of acoustic line signals by using positions of observation
points as a reference, based on reflected ultrasound received
from the subject in correspondence with each of the trans-
mission events.

[0202] According to this configuration, with respect to a
synthetic aperture method of generating and synthesizing
acoustic line signals with respect to an entire ultrasound
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primary irradiation region from one ultrasound transmission
event by using convergent transmission beamforming, a
calculation load for calculating delay time for each obser-
vation point can be reduced. As a result, calculation load for
acoustic line signal generation can be reduced while sup-
pressing a reduction in spatial resolution and signal to noise
ratio.

[0203] According to at least one embodiment, in a range
deeper than the focal point in the depth direction in the
region of interest, the greater the number of acoustic line
signals superposed with respect to the same observation
point having the same position in the azimuth direction and
the depth direction, the greater the number of the dependent
observation points with respect to the reference observation
point.

[0204] According to this configuration, the reduction in
calculation load pertaining to delay time calculation with
respect to observation points can be adjusted according to a
number of superposed acoustic line signals DS.

[0205] According to at least one embodiment, when an
array of transducers arranged along the azimuth direction is
a first transducer array, a plurality of second transducer
arrays parallel to the first transducer array are arranged
sandwiching the first transducer array, and the delay-and-
sum section, when generating acoustic line signals with
respect to the same observation point having the same
position in the azimuth direction and the depth direction, (i)
applies the reflected wave arrival times corresponding to the
first transducer array to the second transducer arrays that are
nearest to the first transducer array among the plurality of the
second transducer arrays, and (ii) applies reflected wave
arrival times longer than the reflected wave arrival times
corresponding to first transducer array to the second trans-
ducer arrays farther from the first transducer array than the
second transducer arrays that are nearest to the first trans-
ducer array.

[0206] According to this configuration, regarding beam-
forming in a direction perpendicular to the azimuth direction
of a two-dimensional probe, a configuration is adopted that
performs simple processing applying a delay time calculated
based on transmission and reception from a transducer array
positioned centrally in the azimuth direction to a transducer
positioned towards an end of the array in the azimuth
direction, and therefore a calculation load of delay-and-sum
processing can be reduced even when using a two-dimen-
sional probe for which the calculation load is relatively high.

[0207] According to at least one embodiment, when the
reference observation point is a first reference observation
point, the delay-and-sum section further selects a second
reference observation point contiguous in the depth direction
from the first reference observation point, calculates delay
times of reflected wave arrival to each of the reception
transducers from the second reference observation point as
second reference delay times, and generates acoustic line
signals by using the second reference delay times corre-
sponding to the reception transducers, and with respect to
each of the one or more dependent observation points,
calculates interpolated delay times by interpolation of the
reference delay times and the second reference delay times
based on a distance between the dependent observation point
and the first reference observation point or the second
reference observation point, and with respect to each of the
one or more dependent observation points, generates the



US 2019/0150888 A1

acoustic line signals by applying the interpolated delay times
corresponding to the reception transducers.

[0208] According to this configuration, even when a
region of interest is positioned where a refractive index of
tissue of the subject rapidly changes, a more accurate
interpolated delay time can be applied to delay-and-sum
processing with respect to a dependent observation point
PFij.

[0209] According to at least one embodiment, the number
of transducers included in the array of the transmission
transducers increases as depth in the subject increases, in a
range corresponding to a defined distance from a surface of
the subject in the region of interest.

[0210] According to this configuration, it is possible to cut
down on processing for a region in which spatial resolution
and signal to noise ratio are low and reflected wave utiliza-
tion efficiency is low, thereby suppressing execution of
wasteful calculation with a low contribution to image quality

improvement, enabling efficient use of calculation
resources.
[0211] According to at least one embodiment, in the

generating of the acoustic line signals with respect to the one
or more dependent observation points, the delay times of
reflected wave arrival to each of the reception transducers
from the one or more dependent observation points are not
calculated. Further, according to at least one embodiment, an
ultrasound round-trip time between two points is a time
obtained by dividing a round-trip distance between two
points by a sound velocity value.

[0212] An ultrasound signal processing method pertaining
to at least one embodiment is an ultrasound signal process-
ing method of transmitting an ultrasound beam into a subject
by using an ultrasound probe in which transducers are
arranged along an azimuth direction and generating acoustic
line signals based on reflected waves obtained from the
subject, the ultrasound signal processing method compris-
ing: causing an array of transmission transducers selected
from the transducers to transmit the ultrasound beam; based
on reflected waves received by an array of reception trans-
ducers selected from the transducers, generating reception
signal sequences corresponding to the reception transducers;
and for a reference observation point selected from obset-
vation points in a region of interest corresponding to an
analysis target range of the subject, (i) calculating delay
times of reflected wave arrival to each of the reception
transducers from the reference observation point as refer-
ence delay times, and (ii) generating acoustic line signals by
using the reference delay times corresponding to the recep-
tion transducers, and for one or more dependent observation
points in the region of interest that are contiguous in a depth
direction from the reference observation point, (iii) gener-
ating acoustic line signals by applying the reference delay
times corresponding to the reception transducers.

[0213] According to at least one embodiment, the gener-
ating of the acoustic line signals with respect to the reference
observation point is performed by calculating ultrasound
round-trip time between the reference observation point and
a reception transducer nearest to the reference observation
point, calculating reflected wave arrival times that are each
a sum of the ultrasound round-trip time and the reference
delay time corresponding to the reception transducer, speci-
fying reception signal values obtained from the reflected
wave arrival times from reception signal sequences corre-
sponding to the reception transducers, and performing sum-
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ming with respect to the reception transducers, and the
generating of the acoustic line signals with respect to each
of the one or more dependent observation points is pet-
formed by calculating ultrasound round-trip time between
the dependent observation point and a reception transducer
nearest to the dependent observation point, calculating
approximate reflected wave arrival times that are each a sum
of the ultrasound round-trip time and the reference delay
time corresponding to the reception transducer, specifying
reception signal values obtained from the approximate
reflected wave arrival time from reception signal sequences
corresponding to the reception transducers, and performing
summing with respect to the reception transducers.

[0214] According to this configuration, it is possible to
realize a simple calculation method of applying a reference
delay time to delay times of dependent observation points,
and to realize ultrasound signal processing that can reduce a
calculation load of delay processing with respect to the
dependent observation points.

«Supplement»

[0215] Embodiments described above illustrate beneficial
specific examples of the present invention. Numerical val-
ues, shapes, materials, constituent elements, positions and
connections of constituent elements, processes, order of
processes, and the like illustrated in embodiments are
merely examples and are not intended to limit the present
invention. Further, among constituent elements of embodi-
ments, constituent elements not described in independent
claims representing top level concepts of the present inven-
tion are described as constituent elements of a more ben-
eficial form.

[0216] Further, in order to facilitate understanding of the
invention, constituent elements of each drawing referenced
in the description of an embodiment may be drawn not to
scale. Further, the present invention is not limited by the
description of any embodiment above, and can be appropri-
ately changed without departing from the spirit of the
present invention.

[0217] Further, members such as circuit components, lead
wires and the like on a substrate are present in the ultrasound
diagnostic device, but various aspects of the present inven-
tion can be realized based on ordinary knowledge in the
technical fields concerning electrical wiring and electrical
circuits, and therefore description of such members is not
directly relevant to description of the present invention, and
has been omitted. Note that each of the drawings described
above is a schematic diagram, and is not necessarily a
precise representation.

[0218] Although the technology pertaining to the present
disclosure has been fully described by way of examples with
reference to the accompanying drawings, various changes
and modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present disclosure, they should be
construed as being included therein.

What is claimed is:

1. An ultrasound signal processing device that transmits
an ultrasound beam into a subject by using an ultrasound
probe in which transducers are arranged along an azimuth
direction and generates acoustic line signals based on
reflected waves obtained from the subject, the ultrasound
signal processing device comprising:
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ultrasound signal processing circuitry, the ultrasound sig-
nal processing circuitry comprising:

a transmitter that causes an array of transmission trans-
ducers selected from the transducers to transmit the
ultrasound beam;

a receiver that, based on reflected waves received by an
array of reception transducers selected from the trans-
ducers, generates reception signal sequences corre-
sponding to the reception transducers; and

a delay-and-sum section that,

for a reference observation point selected from observa-
tion points in a region of interest corresponding to an
analysis target range of the subject, (i) calculates delay
times of reflected wave arrival to each of the reception
transducers from the reference observation point as
reference delay times, and (ii) generates acoustic line
signals by using the reference delay times correspond-
ing to the reception transducers, and

for one or more dependent observation points in the
region of interest that are contiguous in a depth direc-
tion from the reference observation point, (iii) genet-
ates acoustic line signals by applying the reference
delay times corresponding to the reception transducers.

2. The ultrasound signal processing device of claim 1,

wherein

the delay-and-sum section generates the acoustic line
signals with respect to the reference observation point
by specifying reception signal values corresponding to
the reference delay times corresponding to the recep-
tion transducers from reception signal sequences cor-
responding to the reception transducers, and perform-
ing summing with respect to the reception transducers,
and

the delay-and-sum section generates the acoustic line
signals with respect to the one or more dependent
observation points by specifying reception signal val-
ues corresponding to the reference delay times corre-
sponding to the reception transducers from reception
signal sequences corresponding to the reception trans-
ducers, and performing summing with respect to the
reception transducers.

3. The ultrasound signal processing device of claim 1,

wherein

the delay-and-sum section generates the acoustic line
signals with respect to the reference observation point
by calculating a reference ultrasound round-trip time
between the reference observation point and a reception
transducer nearest to the reference observation point,
calculating reflected wave arrival times that are each a
sum of the reference ultrasound round-trip time and the
reference delay time corresponding to the reception
transducer, specifying reception signal values obtained
from the reflected wave arrival times from reception
signal sequences corresponding to the reception trans-
ducers, and performing summing with respect to the
reception transducers, and

the delay-and-sum section generates the acoustic line
signals with respect to each of the one or more depen-
dent observation points by calculating an ultrasound
round-trip time between the dependent observation
point and a reception transducer nearest to the depen-
dent observation point, calculating approximate
reflected wave arrival times that are each a sum of the
reference ultrasound round-trip time and the reference
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delay time corresponding to the reception transducer,
specifying reception signal values obtained from the
approximate reflected wave arrival time from reception
signal sequences corresponding to the reception trans-
ducers, and performing summing with respect to the
reception transducers.

4. The ultrasound signal processing device of claim 3,

wherein

the delay-and-sum section, in the calculating of the ultra-
sound round-trip time between the dependent observa-
tion point and the reception transducer nearest to the
dependent observation point, performs summing of the
reference ultrasound round-trip time between the ref-
erence observation point and the reception transducer
nearest to the reference observation point and an ultra-
sound round-trip time between the reference observa-
tion point and the dependent observation point.

5. The ultrasound signal processing device of claim 1,

wherein

the greater the depth in the subject, the greater the number
of the dependent observation points with respect to the
reference observation point.

6. The ultrasound signal processing device of claim 1,

wherein

in the region of interest, a plurality of sets of the reference
observation point and the one or more dependent
observation points alternate in the depth direction of the
subject.

7. The ultrasound signal processing device of claim 1,

wherein

the transmitter sets a focal point defining a point which the
ultrasound beam converges towards in the subject, and
causes the transmission to be performed such that the
ultrasound beam converges towards the focal point
from the array of the transmission transducers in an
ultrasound primary irradiation region defined as a range
between two straight lines that cross at the focal point
and connect to transducers at ends of the array of the
transmission transducers.

8. The ultrasound signal processing device of claim 7,

wherein

the delay-and-sum section generates the acoustic line
signals by performing delay-and-sum processing with
respect to the reception signal sequences based on
reflected waves obtained from the ultrasound primary
irradiation region, with respect to observation points
positioned on a line parallel to the depth direction
passing through the focal point among observation
points corresponding to positions in the ultrasound
primary irradiation region.

9. The ultrasound signal processing device of claim 7,

wherein

the delay-and-sum section generates the acoustic line
signals by performing delay-and-sum processing with
respect to the reception signal sequences based on
reflected waves obtained from the ultrasound primary
irradiation region, with respect to observation points
corresponding to positions in the ultrasound primary
irradiation region.

10. The ultrasound signal processing device of claim 8,

wherein

the transmitter repeatedly performs a transmission event
of transmitting the ultrasound beam, and shifts the
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array of the transmission transducers in the azimuth
direction for each of the transmission events, and

the ultrasound signal processing device further comprises
a synthesizer that generates a synthesized acoustic line
signal by synthesizing a plurality of acoustic line
signals by using positions of observation points as a
reference, based on reflected ultrasound received from
the subject in correspondence with each of the trans-
mission events.

11. The ultrasound signal processing device of claim 10,

wherein

in a range deeper than the focal point in the depth
direction in the region of interest, the greater the
number of acoustic line signals superposed with respect
to the same observation point having the same position
in the azimuth direction and the depth direction, the
greater the number of the dependent observation points
with respect to the reference observation point.

12. The ultrasound signal processing device of claim 1,

wherein

when an array of transducers arranged along the azimuth
direction is a first transducer array,

a plurality of second transducer arrays parallel to the first
transducer array are arranged sandwiching the first
transducer array, and

the delay-and-sum section, when generating acoustic line
signals with respect to the same observation point
having the same position in the azimuth direction and
the depth direction,

(1) applies the reflected wave arrival times corresponding
to the first transducer array to the second transducer
arrays that are nearest to the first transducer array
among the plurality of the second transducer arrays,
and

(1) applies reflected wave arrival times longer than the
reflected wave arrival times corresponding to first
transducer array to the second transducer arrays farther
from the first transducer array than the second trans-
ducer arrays that are nearest to the first transducer array.

13. The ultrasound signal processing device of claim 1,

wherein

when the reference observation point is a first reference
observation point, the delay-and-sum section further
selects a second reference observation point contiguous
in the depth direction from the first reference observa-
tion point, calculates delay times of reflected wave
arrival to each of the reception transducers from the
second reference observation point as second reference
delay times, and generates acoustic line signals by
using the second reference delay times corresponding
to the reception transducers, and

with respect to each of the one or more dependent
observation points, calculates interpolated delay times
by interpolation of the reference delay times and the
second reference delay times based on a distance
between the dependent observation point and the first
reference observation point or the second reference
observation point, and

with respect to each of the one or more dependent
observation points, generates the acoustic line signals
by applying the interpolated delay times corresponding
to the reception transducers.

14. The ultrasound signal processing device of claim 1,

wherein
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the number of transducers included in the array of the
transmission transducers increases as depth in the sub-
ject increases, in a range corresponding to a defined
distance from a surface of the subject in the region of
interest.

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

in the generating of the acoustic line signals with respect

to the one or more dependent observation points, the
delay times of reflected wave arrival to each of the
reception transducers from the one or more dependent
observation points are not calculated.

16. The ultrasound signal processing device of claim 3,
wherein

an ultrasound round-trip time between two points is a time

obtained by dividing a round-trip distance between two
points by a sound velocity value.
17. An ultrasound signal processing method of transmit-
ting an ultrasound beam into a subject by using an ultra-
sound probe in which transducers are arranged along an
azimuth direction and generating acoustic line signals based
on reflected waves obtained from the subject, the ultrasound
signal processing method comprising:
causing an array of transmission transducers selected
from the transducers to transmit the ultrasound beam;

based on reflected waves received by an array of reception
transducers selected from the transducers, generating
reception signal sequences corresponding to the recep-
tion transducers; and

for a reference observation point selected from observa-

tion points in a region of interest corresponding to an
analysis target range of the subject, (i) calculating delay
times of reflected wave arrival to each of the reception
transducers from the reference observation point as
reference delay times, and (ii) generating acoustic line
signals by using the reference delay times correspond-
ing to the reception transducers, and

for one or more dependent observation points in the

region of interest that are contiguous in a depth direc-
tion from the reference observation point, (iii) gener-
ating acoustic line signals by applying the reference
delay times corresponding to the reception transducers.

18. The ultrasound signal processing method of claim 17,
wherein

the generating of the acoustic line signals with respect to

the reference observation point is performed by calcu-
lating ultrasound round-trip time between the reference
observation point and a reception transducer nearest to
the reference observation point, calculating reflected
wave arrival times that are each a sum of the ultrasound
round-trip time and the reference delay time corre-
sponding to the reception transducer, specifying recep-
tion signal values obtained from the reflected wave
arrival times from reception signal sequences corre-
sponding to the reception transducers, and performing
summing with respect to the reception transducers, and
the generating of the acoustic line signals with respect to
each of the one or more dependent observation points
is performed by calculating ultrasound round-trip time
between the dependent observation point and a recep-
tion transducer nearest to the dependent observation
point, calculating approximate reflected wave arrival
times that are each a sum of the ultrasound round-trip
time and the reference delay time corresponding to the
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reception transducer, specifying reception signal values
obtained from the approximate reflected wave arrival
time from reception signal sequences corresponding to
the reception transducers, and performing summing
with respect to the reception transducers.
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