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ULTRASOUND SIGNAL PROCESSING
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2018-151742 filed Aug. 10, 2018, the
contents of which are hereby incorporated by reference in
their entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to ultrasound signal
processing devices and ultrasound diagnostic devices using
same, and in particular to reception beamforming processing
in uvltrasound signal processing devices.

Description of the Related Art

[0003] An ultrasound diagnostic device transmits ultra-
sound to the inside of a subject from an ultrasound probe,
receives reflected waves of ultrasound generated from dif-
ferences in acoustic impedance of tissue in the subject, and
generates and displays an ultrasound tomographic image
indicating shapes of the tissue in the subject, based on
obtained electric signals.

[0004] In conventional ultrasound diagnostic devices,
delay-and-sum methods are used as reception beamforming
methods based on received reflected waves (for example, see
“Ultrasound Diagnostic Equipment”, T. Ito and M. Tsuyoshi,
Corona Publishing Co. Ltd, Aug. 26, 2002, pp 42-45).
According to this method, an ultrasound beam is transmitted
from a plurality of transducers to focus at a certain depth in
a subject and generate an acoustic line signal on a central
axis of the ultrasound beam.

[0005] As a method for obtaining a high spatial resolution,
high-quality image in a region other than in close vicinity to
a transmission focal point, a reception beamforming method
using a synthetic aperture method has been proposed (for
example, see “Virtual Ultrasound Sources in High Resolu-
tion Ultrasound Imaging”, S. I. Nikolov and J. A. Jensen,
SPIE—Progress in Biomedical Optics and Imaging, vol. 3,
2002, pp 395-405). According to the synthetic aperture
method it is possible to generate acoustic line signals for an
entirety of an ultrasound primary irradiation region that
includes the close vicinity of a transmission focal point for
one ultrasound transmission, by performing a delay control
that takes into account both travel time to an observation
point according to ultrasound transmission propagation
paths and arrival times of reflected waves to transducers via
the propagation paths. Further, according to the synthetic
aperture method, spatial resolution and signal-to-noise ratio
can be improved by superimposing a plurality of acoustic
line signals for the same observation point obtained from a
plurality of ultrasound transmissions. On the other hand,
according to the synthetic aperture method, the number of
observation points in a target area for which an acoustic line
signal is generated by one ultrasound transmission increases
and synthesis processing is performed superposing acoustic
line signals with respect to one observation point obtained
from multiple ultrasound transmissions and receptions, and
therefore, when compared to a delay-and-sum method,

Feb. 13,2020

expanded memory capacity for storing acoustic line signals
is required and expanded data transmission capability is
required.

[0006] As described above, reception beamforming meth-
ods in ultrasound diagnosis include delay-and-sum beam-
forming that has a small calculation load and synthetic
aperture beamforming that has a large calculation load but
excellent image quality. Both methods are functionally
complementary and therefore there is a perceived need to
implement both functions from the viewpoint of functional
compatibility. For example, JP 2000-126176 proposed an
ultrasound diagnostic device in which, after a signal
obtained by a mechanically scanning ultrasound probe is
subjected to multiple echo cancellation processing by a
delay-and-sum unit, synthetic aperture processing is pet-
formed by the same delay-and-sum unit, and that an elec-
tronic operation type of ultrasound probe is connected to the
ultrasound diagnostic device, and a delay-and-sum operation
is performed with respect to signals obtained by the ultra-
sound probe by the delay-and-sum unit.

SUMMARY

[0007] An ultrasound signal processing device pertaining
to one aspect of the present disclosure is an ultrasound signal
processing device comprising ultrasound signal processing
circuitry, the ultrasound signal processing circuitry compris-
ing a reception beamformer that executes processing
selected from first reception beamforming processing and
second reception beamforming processing. The first recep-
tion beamforming processing includes generating, for each
transmission event, a set of acoustic line signal line data
including acoustic line signals associated with observation
points where a portion of the observation points associated
with one set have a same position as a portion of the
observation points associated with another set, and synthe-
sizing acoustic line signal line data by summing acoustic
line signals that are associated with the observation points
having same positions. The second reception beamforming
processing includes generating, for each transmission event,
a set of acoustic line signal line data including one or more
acoustic line signals associated with the observation points,
where positions of the observation points are different for
each transmission event. Numbers of lines of the acoustic
line signals generated per transmission event are different
between the first reception beamforming processing and the
second reception beamforming processing, and the reception
beamformer includes a delay-and-sum unit that performs
delay-and-sum processing with respect to reception signal
sequences from multiple channels based on reflected ultra-
sound to calculate the acoustic line signal line data. The
delay-and-sum unit, in the first reception beamforming
processing, synthesizes the acoustic line signal line data
calculated in the delay-and-sum processing by summing the
acoustic line signals associated with the observation points
having the same positions, and in the second reception
beamforming processing, outputs the acoustic line signal
data calculated in the delay-and-sum processing as is. Time
taken by the delay-and-sum unit to generate the acoustic line
signal line data per set of acoustic line signal line data is
equal or approximately equal in the first reception beam-
forming processing and the second reception beamforming
processing.
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BRIEF DESCRIPTION OF DRAWINGS

[0008] These and other objects, advantages, and features
of the technology pertaining to the present disclosure will
become apparent from the following description thereof
taken in conjunction with the accompanying drawings,
which illustrate at least one embodiment of the technology
pertaining to the present disclosure.

[0009] FIG.1 is a function block diagram of an ultrasound
diagnostic device 100 pertaining to Embodiment 1.

[0010] FIG. 2 is a diagram illustrating propagation paths
of transmitted ultrasound beams according to a transmission
beamformer 130 pertaining to Embodiment 1.

[0011] FIG. 3 is a function block diagram of a reception
beamformer 140 pertaining to Embodiment 1.

[0012] FIG. 4 is a function block diagram illustrating a
receiver 141 and a delay-and-sum unit 142.

[0013] FIG. 5 is a function block diagram illustrating a
main summing unit 143.

[0014] FIG. 6A is a schematic diagram illustrating gen-
eration of an RF signal sequence based on reflected ultra-
sound from an ultrasound primary irradiation region Ax, and
FIG. 6B is a schematic diagram illustrating correspondence
between RF signal sequences in a receiver 141 and
addresses of an RF signal storage 1412.

[0015] FIG. 7 is a schematic diagram illustrating a maxi-
mum range of a target region Bx that can be set in a first
reception beamforming processing.

[0016] FIG. 8A is a schematic diagram illustrating an
example of positions of observation points Pij for acquiring
acoustic line signals to generate line data ds(q) in the first
reception beamforming processing, and FIG. 8B and FIG.
8C are schematic diagrams illustrating examples of positions
of observation points Pij for acquiring acoustic line signals
to generate line data ds(q) in a second reception beamform-
ing processing.

[0017] FIG. 9 is a schematic diagram illustrating a posi-
tional relationship between a reception aperture Rx and an
observation point Pij.

[0018] FIG. 10A and FIG. 10B are schematic diagrams
illustrating propagation paths of ultrasound arriving at
reception transducer Rk from transmission aperture Tx via
observation point Pij.

[0019] FIG. 11 is a schematic diagram illustrating a rela-
tionship between position of observation points Pij for
acquiring an acoustic line signal to generate line data ds(q)
and an array ids[q] of azimuth direction coordinates of
observation points Pij in the first reception beamforming
processing.

[0020] FIG. 12 is a schematic diagram illustrating a rela-
tionship between position of observation points Pij for
acquiring an acoustic line signal to generate line data ds(q)
and an array ids[q] of azimuth direction coordinates of
observation points Pij in the second reception beamforming
processing.

[0021] FIG. 13A is a schematic diagram illustrating a
positional relationship of coordinates at which acoustic line
signal line data dsij is acquired in sequential transmission
events 1 and 1+1 in the first reception beamforming pro-
cessing, and FIG. 13B is a schematic diagram illustrating a
positional relationship of coordinates at which acoustic line
signal line data dsij is acquired in sequential transmission
events 1 and 1+1 in the second reception beamforming
processing.
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[0022] FIG. 14A and FIG. 14B are schematic diagrams
illustrating generation of acoustic line signal line data ds(q)
and timing of output from frame memory in sequential
transmission events 1 and 1+1 in the first reception beam-
forming processing.

[0023] FIG. 15A and FIG. 15B are schematic diagrams
illustrating generation of acoustic line signal line data ds(q)
and timing of output from frame memory in sequential
transmission events 1 and 1+1 in the second reception
beamforming processing.

[0024] FIG. 16 is a function block diagram illustrating a
reception beamformer 140 in the first reception beamform-
ing processing.

[0025] FIG. 17 is a function block diagram illustrating the
reception beamformer 140 in the second reception beam-
forming processing.

[0026] FIG. 18 is a flowchart illustrating beamforming
processing of the reception beamformer 140 pertaining to
Embodiment 1.

[0027] FIG. 19 is a flowchart illustrating beamforming
processing of the reception beamformer 140 pertaining to
Embodiment 1.

[0028] FIG. 20 is a flowchart illustrating beamforming
processing of the reception beamformer 140 pertaining to
Embodiment 1.

[0029] FIG. 21 is a function block diagram of a reception
beamformer 140A pertaining to Modification 1.

[0030] FIG. 22 is a function block diagram of a reception
beamformer 140B pertaining to Modification 2.

DETAILED DESCRIPTION

Developments Leading to Embodiments

[0031] According to a conventional ultrasound diagnostic
device, when a reception beamforming circuit is structured
to simply implement both a delay-and-sum beamforming
function and a synthetic aperture beamforming function,
there is a technical problem that in a simple implementation
transfer rates between circuit modules are made different,
interface specifications between circuit modules in the
reception beamforming circuit and required specifications of
circuit modules in subsequent stages become high, and
therefore hardware costs of the reception beamforming
circuit become high.

[0032] Further, in JP 2000-126176, there is no description
that transfer rates are different between performing delay-
and-sum beamforming processing and synthetic aperture
beamforming processing.

[0033] The present disclosure is made in view of the above
technical problems, and describes a structure in which
transfer rates between circuit modules are equal or approxi-
mately equal between the first reception beamforming pro-
cessing by a synthetic aperture method and the second
reception beamforming processing by a simple delay-and-
sum method. Thus, an object of the present disclosure is to
provide an ultrasound signal processing device including a
reception beamforming circuit inexpensively implementing
both a delay-and-sum beamforming processing function and
a synthetic aperture beamforming processing function, and
an ultrasound diagnostic device including same.
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Embodiment 1

<QOverall Configuration>

[0034] The following is a description of an ultrasound
diagnostic device 100 pertaining to Embodiment 1,
described with reference to the drawings.

[0035] FIG. 1 is a function block diagram of an ultrasound
diagnostic system 1000 pertaining to Embodiment 1. In FIG.
1, the ultrasound diagnostic system 1000 includes a probe
110 that has transducers 110¢ that transmit ultrasound
towards a subject and receive reflected waves, the ultrasound
diagnostic device 100 that causes the probe 110 to transmit
and receive ultrasound and generates ultrasound images
based on output signals from the probe 110, and a display
160 that displays an ultrasound image on a screen. The probe
110 and the display 160 are each connectable to the ultra-
sound diagnostic device 100.

<Configuration of Ultrasound Diagnostic Device 100>

[0036] The ultrasound diagnostic device 100 includes a
multiplexer 120 for securing input and output for each
transducer used in transmission and reception among the
transducers 110a of the probe 110, a transmission beam-
former 130 that controls timing of high voltage application
to the transducers 110a of the probe 110 for performing
ultrasound transmission, and a reception beamformer 140
that amplifies, A/D converts, and performs reception beam-
forming on electric signals obtained by the transducers 110a
based on reflected ultrasound received by the probe 110, in
order to generate acoustic line signals (delay-and-sum data
(DAS data)). Further, the ultrasound diagnostic device 100
includes an ultrasound image generator 150 that generates
ultrasound images (B mode images) based on output signals
from the reception beamformer 140, a data storage 170 that
stores ultrasound images output by the ultrasound image
generator 150, and a controller 180 that controls each
element. Among these elements, the multiplexer 120, the
transmission beamformer 130, the reception beamformer
140, and the ultrasound image generator 150 constitute an
ultrasound signal processing device 500.

[0037] Elements of the ultrasound diagnostic device 100,
for example the multiplexer 120, the transmission beam-
former 130, the reception beamformer 140, the ultrasound
image generator 150, and the controller 180 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, these elements may be
implemented through software and a programmable device
such as a processor. As a processor, a central processing unit
(CPU) or a graphics processing unit (GPU) can be used, and
in the case of a GPU may be referred to as general-purpose
computing on a graphics processing unit (GPGPU). These
elements can each be a single circuit component or an
assembly of circuit components. Further, a plurality of
elements can be combined into a single circuit component or
can be an aggregate of a plurality of circuit components.

[0038] The data storage 170 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), a
Blu-ray Disc (BD), semiconductor memory, or the like.
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Further, the data storage 170 may be a storage device that is
external and connectable to the ultrasound diagnostic device
100.

<Configuration of Elements of Ultrasound Diagnostic
Device 100>

[0039] The ultrasound diagnostic device 100 pertaining to
Embodiment 1 is characterized by the transmission beam-
former 130 that causes ultrasound beam transmission from
the transducers 110z of the probe 110 and the reception
beamformer 140 that performs operations on electric signals
obtained from ultrasound reflections received by the probe
110 in order to generate acoustic line signals for generating
an ultrasound image. Thus, the present description primarily
describes configuration and function of the transmission
beamformer 130 and the reception beamformer 140. Note
that configuration of the ultrasound diagnostic device 100
other than that of the transmission beamformer 130 and the
reception beamformer 140 may be the same as that used in
a known ultrasound diagnostic device, and a beamformer of
a known ultrasound diagnostic device may be replaced by a
beamformer pertaining to the present embodiment.

[0040] The following is a description of the transmission
beamformer 130 and the reception beamformer 140.

1. Transmission Beamformer 130

[0041] The transmission beamformer 130 is connected to
the probe 110 via the multiplexer 120 and controls timing of
high voltage application to each of a plurality of transducers
included in a transmission aperture Tx made up of all or
some of the N (where N is a natural number and 2 or more)
transducers 110a of the probe 110 in order to perform
ultrasound transmission from the probe 110. The transmis-
sion beamformer 130 includes a transmitter 131.

[0042] Based on a transmission control signal from the
controller 180, the transmitter 131 performs transmission
processing supplying a pulsed transmit signal to each trans-
ducer included in the transmission aperture Tx among the
transducers 110a of the probe 110, in order to cause trans-
mission of an ultrasound beam. More specifically, the trans-
mitter 131 includes, for example, a clock generator circuit,
a pulse generator circuit, and a delay circuit. A clock
generator circuit is a circuit that generates a clock signal for
determining transmission timing of an ultrasound beam. A
pulse generator circuit is a circuit for generating a pulse
signal that drives a transducer. A delay circuit is a circuit for
setting a delay time for each transducer for ultrasound beam
transmission timing, delaying ultrasound beam transmission
by the delay time in order to perform ultrasound beamform-
ing.

[0043] The transmitter 131 repeatedly transmits ultra-
sound while shifting the transmission aperture Tx in the
array direction by a movement pitch Mp (where Mp is a
natural number) for each ultrasound transmission, perform-
ing ultrasound transmission from all the transducers 110a of
the probe 110. According to the present embodiment, the
movement pitch Mp is equivalent to one transducer, and
therefore the transmission aperture Tx shifts by one trans-
ducer every ultrasound transmission. The movement pitch
Mp is not limited to being equivalent to one transducer and
may be equivalent to two or more transducers. Information
indicating positions of transducers included in the transmis-
sion aperture Tx is outputted to the data storage 170 via the
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controller 180. For example, if the number N of the trans-
ducers 1104 of the probe 110 is 192, a number of transducers
that constitute the transmission aperture Tx may be selected
from 20 to 100, for example, and may be shifted by one
transducer per ultrasound transmission, for example. Here-
inafter, ultrasound transmission performed from a given
transmission aperture Tx by the transmitter 131 may be
referred to as a “transmission event”.

[0044] FIG. 2 is a schematic diagram illustrating propa-
gation paths of ultrasound transmission according to the
transmission beamformer 130. In a given transmission
event, an array of M (where M is a natural number)
transducers (transmission transducer array) included in the
N transducers 110a arranged in an array contributing to
ultrasound transmission is illustrated as the transmission
aperture Tx. Further, array length of the transmission apet-
ture Tx may be referred to as transmission aperture length.
Further, the movement pitch Mp of the transmission trans-
ducer array each transmission event is less than the number
M of the transducers included in the transmission transducer
array.

[0045] In the transmission beamformer 130, transmission
timing of each transducer is controlled so that the more
central a transducer is in the transmission aperture Tx, the
more transmission timing is delayed. As a result, a wave-
front of an ultrasound transmission wave transmitted from
the transducer array in the transmission aperture Tx is
focused (converges) at a transmission focal point F at a focal
depth in a subject. Focal depth of the transmission focal
point F can be set arbitrarily. Here, the focal depth is the
depth at which an ultrasound transmission wave reaches
maximum convergence in an azimuth direction of the trans-
ducers (x direction in FIG. 2), that is, the depth at which the
width of an ultrasound beam in the x direction is narrowest,
and the transmission focal point F is a central position in the
x direction of the ultrasound beam at the focal depth.
However, the focal depth is constant during multiple trans-
mission events pertaining to one frame. That is, a relation-
ship between the transmission aperture Tx and the transmis-
sion focal point F relative to each other does not change in
a plurality of transmission events pertaining to one frame. A
wavefront converging at the transmission focal point F
diffuses again and an ultrasound transmission wave propa-
gates in an hourglass-shaped space bounded by two straight
lines intersecting at the transmission focal point F with the
transmission aperture Tx as a base. That is, an ultrasound
wave radiated at the transmission aperture Tx propagates
such that it gradually reduces in width in space (horizontal
axis in the drawings) to a minimum width at the transmission
focal point F, then as it progresses deeper (upwards in the
drawings), it diffuses as the width increases. An area of this
hourglass shape is an ultrasound primary irradiation region
Ax.

2. Reception Beamformer 140 Configuration

2.1. Overall Configuration

[0046] The reception beamformer 140 generates acoustic
line signals from electrical signals obtained by the transduc-
ers 110a, based on reflected ultrasound received by the probe
110.

[0047] As described above, in ultrasound diagnosis, beam-
forming methods include delay-and-sum beamforming that
has a small calculation load and synthetic aperture beam-
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forming that has a large calculation load but excellent image
quality, and both methods are functionally complementary
and therefore there is a need to implement both functions
from the view of functional compatibility. The reception
beamformer 140 implements a synthetic aperture beam-
forming method (also referred to as “first reception beam-
forming method”) and a delay-and-sum beamforming
method (also referred to as “second reception beamforming
method™), and can selectively execute either beamforming
method based on various operation conditions in ultrasound
measurement.

[0048] Here, “acoustic line signals” are signals after
delay-and-sum processing with respect to a given observa-
tion point. Delay-and-sum processing is described in more
detail later. FIG. 3 is a function block diagram illustrating
configuration of the transmission beamformer 140. The
reception beamformer 140 pertaining to the present disclo-
sure executes a program of the ultrasound signal processing
method pertaining to the present disclosure on an FPGA
based on input of an operation condition obtained from an
operation input unit (not illustrated) such as a keyboard or
mouse via the controller 180, to generate acoustic line
signals as input of electrical signals based on reflected
ultrasound from the probe 110, and outputs same to the
ultrasound image generator 150.

[0049] As illustrated in FIG. 3, the reception beamformer
140 includes two receivers 141_1, 141_2 that receive elec-
tric signals based on reflected ultrasound received by the
probes 110 and generate reception signal sequences, two
delay-and-sum units 142_1, 142_2 that execute delay-and-
sum processing on multiple channel reception signal
sequences to generate acoustic line signal line data, and a
main summing unit 143 that sums acoustic line signal line
data outputted from the delay-and-sum units 142_1, 142_2
and outputs to the ultrasound image generator 150. For
example, according to the present embodiment, the recep-
tion beamformer 140 divides a transducer array (110q)
consisting of 192 of the transducers 110a into two partial
transducer arrays 110a_1, 110a_2 each including 96 of the
transducers 110« and includes the receivers 141_1, 141_2
(also referred to as receivers 141) that each generate a
reception signal sequence for each block of the transducers
101q in a partial transducer array, the delay-and-sum units
142_1, 142_2 (also referred to as delay-and-sum units 142)
that each generate an acoustic line signal for each block, and
the main summing unit 143. However, the number of blocks
into which the transducers 101a are divided is not limited to
the above example, and may be 4, 6, 8, 16, or the like.
[0050] The receiver 141_1 and the delay-and-sum unit
142_1 corresponding to a partial transducer array block are
part of a same circuit and are included in an FPGA 1, the
receiver 141_2 and the delay-and-sum unit 142_2 corre-
sponding to a partial transducer array block are part of a
same circuit and are included in an FPGA 1, while the main
summing unit 143 is included in an FPGA 2 that is different
from the two FPGA 1. Thus, the reception beamformer 140
includes two FPGA 1 arranged in parallel and one subse-
quent FPGA 2.

2.2. Configuration of Fach Element

[0051] The following describes configuration of elements
of the reception beamformer 140. FIG. 4 is a function block
diagram illustrating configuration of the receiver 141 and the
delay-and-sum unit 142 of the FPGA 1. FIG. 5 is a function



US 2020/0046323 A1

block diagram illustrating configuration of the main sum-
ming unit 143 of the FPGA 2.

(1) Receiver 141

[0052] The receiver 141 is connected to the probe 110 via
the multiplexer 120, and is a circuit that generates radio
frequency (RF) signals by amplifying and analogue-digital
(AD) converting electrical signals obtained from reception
of reflected ultrasound by the probe 110 corresponding to a
transmission event. The receiver 141 includes an input unit
1411 and an RF signal storage 1412 that is a semiconductor
memory. The input unit 1411 generates RF signals in
chronological order in an order of transmission events and
stores the RF signals in the RF signal storage 1412.
[0053] Here, an RF signal is a digital signal obtained by
AD conversion of an electrical signal converted from
reflected ultrasound received by a transducer and is com-
posed of a series of signals that are continuous in a trans-
mission direction (depth direction of subject) of ultrasound
received by a transducer.

[0054] FIG. 6A is a schematic diagram illustrating RF
signal sequence generation based on reflected ultrasound
from the ultrasound primary irradiation region Ax. In a
transmission event, as stated above, the transmitter 131
causes each transducer included in the transmission aperture
Tx among the transducers 110a of the probe 110 to transmit
an ultrasound beam. Further, the transmitter 131 repeatedly
transmits ultrasound while shifting the transmission aperture
Tx in the array direction by the movement pitch Mp,
corresponding to transmission events, thereby performing
ultrasound transmission from all N transducers 110a of the
probe 110.

[0055] The receiver 141, as illustrated in FIG. 6A, gener-
ates an RF signal sequence for each transducer, based on
reflected ultrasound obtained from the ultrasound primary
irradiation region Ax of the subject by each transducer
corresponding to part or all of the transducers 110a of the
probe 110, corresponding to a transmission event. A trans-
ducer receiving reflected ultrasound may be referred to as a
reception transducer Rw, and an array of reception trans-
ducers Rw is a reception transducer array Rwx. A number of
reception transducers in the reception transducer array Rwx
is beneficially equal to or greater than a number of trans-
ducers included in the transmission aperture Tx. Further, the
number of reception transducers may be a total number of
the transducers 110a of the probe 110. According to the
present embodiment, the number of reception transducers is
the number of transmission transducers.

[0056] The input unit 1411 generates a sequence of RF
signals obtained by the reception transducer array Rw cor-
responding to a transmission event and stores generated RF
signals for each transmission event in the RF signal storage
1412. According to the present embodiment, the RF signal
storage 1412 is configured to use the internal semiconductor
memory of the FPGA 1 of the reception beamformer 140.
However, the RF signal storage 1412 may be outside the
FPGA 1. FIG. 6B is a schematic diagram illustrating corre-
spondence between RF signal sequences in the transmitter
141 and addresses of the RF signal storage 1412. The RF
signal storage 1412 is a memory that holds a generated RF
signal until delay-and-sum processing is performed in order
to generate an acoustic line signal. As illustrated in FIG. 6B,
the RF signal storage 1412 is partitioned in a transducer
array direction (azimuth direction) into a number of
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addresses equal to the number of input channels and in a
subject depth direction into a number of addresses Dp, s
(where D, is a natural number). According to the present
embodiment, when considering a maximum delay of a
reflected wave in delay-and-sum processing, Dy, is set
from 2,000 to 8,000 words, for example, and is smaller than
a number of partitions for holding RF signals corresponding
to a target region Bx in the subject depth direction (corre-
sponding to about 16,000 to 20,000 words). RF signals are
generated in the order in which reflected ultrasound is
obtained and are stored in order with a signal at a shallow
position of the subject first, such that the RF signal storage
1412 functions as a first in, first out (FIFO) memory.

(2) Delay-and-Sum Unit 142

[0057] The delay-and-sum unit 142 is a circuit that, cor-
responding to a transmission event, (i) sets the target region
Bx representing a position in the subject for which acoustic
line signal line data is generated, and (ii) when an index
corresponding to azimuth direction coordinates is i and an
index corresponding to depth direction coordinates is j, for
each of a plurality of observation points Pij (i=1 to N, j=1 to
D) in the target region Bx, performs delay-and-sum calcu-
lations in a range of a reception aperture Rx for RF signal
sequences received by reception transducers Rw from the
observation point Pij, and (iii) generates acoustic line signal
line data ds(q) (where q=1 to q,,,.; q,,,, 15 the number of
lines of acoustic line signal line data; in the first reception
beamforming processing q,,,,=ML, and in the second recep-
tion beamforming processing q,  =NL) by calculating
acoustic line signals dsij for each observation point Pij. As
illustrated in FIG. 4, the delay-and-sum unit 142 includes a
frame memory 1420, a focus controller 1421, a delay
calculator 1422, a gain controller 1423, a memory controller
1424, a summing circuit 1425, a coordinate converter 1426,
a filter 1427, a frame memory controller 1428, and an output
unit 1429.

[0058] The following describes elements of the delay-and-
sum unit 142

1) Focus Controller 1421

[0059] The focus controller 1421 sets the target region Bx
for which acoustic line signal line data is generated in the
subject. The “target region” is a region in the subject of
signals for which acoustic line signal line data generation
occurs in correspondence with a transmission event, and
acoustic line signals dsij are generated with respect to
observation points Pij in the target region Bx. The target
region Bx is set as a set of target observation points for
which acoustic line signal generation is performed, for
convenience of calculation corresponding to one transmis-
sion event.

[0060] Here, “acoustic line signal line data” is defined as
a data set from a set of acoustic line signals dsij with respect
to all observation points Pij in the target region Bx generated
from one transmission event, classified into delay-and-sum
results (acoustic line signals dsij) with respect to observation
points on lines, such that delay-and-sum results (acoustic
line signals dsij) for one line are combined into one
sequence. Acoustic line signal line data from different trans-
mission events acquired at different times synthesized with
reference to position of an observation point Pij is referred
to as acoustic line signal frame data.



US 2020/0046323 A1

[0061] The focus controller 1421 sets the target region Bx,
corresponding to a transmission event, based on information
indicating position of the transmission aperture Tx acquired
from the transmission beamformer 130.

[0062] FIG. 7 is a schematic diagram illustrating a maxi-
mum range of a target region Bx that can be set in first
reception beamforming processing. As illustrated in FIG. 7,
the target region Bx exists in the ultrasound primary irra-
diation region Ax. The target region Bx is, in the ultrasound
primary irradiation region Ax, an entire region for which
depth is equal or less than the focal depth and a region for
which depth is greater than the focal depth up to a measure-
ment target depth D designated by a user via the controller
180. Further, a central axis of the target region Bx matches
a central axis of the ultrasound primary irradiation region.
Note that the target region Bx may be only a portion of the
ultrasound primary irradiation region Ax.

[0063] The following is a description of positions of
observation points Pij in the target region Bx in the first
reception beamforming processing and the second reception
beamforming processing.

[0064] FIG. 8A is a schematic diagram illustrating an
example of positions of observation points Pij for acquiring
acoustic line signals with respect to the transmission aper-
ture Tx, in order to generate acoustic line signal line data
ds(q) in the first reception beamforming processing. In the
first reception beamforming processing, q (q=1 to ML; in
FIG. 8A, ML=5) virtual lines may be set, passing through a
transmission focal point F, and on each virtual line a finite
number of observation points Pij may be set for generation
of acoustic line signals. Here, a set of acoustic line signals
obtained with respect to observation points Pij on the same
virtual line is acoustic line signal line data ds(q) (g=1 to
ML).

[0065] FIG. 8B and FIG. 8C are schematic diagrams
illustrating examples of positions of observation points Pij
for acquiring acoustic line signals with respect to the trans-
mission aperture Tx, in order to generate acoustic line signal
line data ds(q) in the second reception beamforming pro-
cessing. In the second reception beamforming processing, q
(9=1 to NL; in FIG. 8B, NL=1; in FIG. 8C, NL=3) virtual
lines normal to the azimuth direction may be set, and on each
virtual line a finite number of observation points Pij may be
set for generation of acoustic line signals. Here, a set of
acoustic line signals obtained with respect to observation
points Pij on the same virtual line is set as acoustic line
signal line data ds(q) (q=1 to NL).

[0066] Positions of observation points Pij set in the target
region Bx are output to the delay calculator 1422.

[0067] Further, the focus controller 1421 selects reception
transducers (reception transducer array) as a portion of the
transducers of the probe 110 in order to set the reception
aperture Rx, based on information indicating position of the
transmission aperture Tx from the transmission beamformer
130.

[0068] Here, the focus controller 1421 selects the recep-
tion aperture Rx transducer array such that an array center
thereof coincides with a transducer Xk that is spatially
closest to an observation point Pij. FIG. 9 is a schematic
diagram illustrating a positional relationship between the
reception aperture Rx set by the focus controller 1421 and an
observation point Pij. As illustrated in FIG. 9, the reception
aperture Rx transducer array is selected such that the array
center of the reception aperture Rx transducer array coin-
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cides with the transducer Xk that is spatially closest to the
observation point Pij. Therefore, even in different transmis-
sion events, when generating acoustic line signals for a
given observation point Pij in the same position, delay-and-
sum is performed based on RF signals obtained by the same
reception transducers Rk in the same reception aperture Rx.
The selection method of the reception aperture Rx trans-
ducer array is the same for the first reception beamforming
processing and the second reception beamforming process-
ing.

[0069] Further, a number of transducers included in the
reception aperture Rx for receiving reflected ultrasound
from the ultrasound primary irradiation region is beneficially
set to be at least the number of transducers included in the
transmission aperture Tx of the corresponding transmission
event. Setting of the reception aperture Rx is performed at
least a number of times equal to a maximum number of
observation points Pij in the array direction.

[0070] Information indicating position of the selected
reception aperture Rx is outputted to the delay calculator
1422.

11) Delay Calculator 1422

[0071] The delay calculator 1422 calculates transmission
time for transmitted ultrasound to reach an observation point
P in the subject. On the basis of information indicating the
position of transducers included in the transmission aperture
Tx acquired from the controller 180 and information indi-
cating position of the target region Bx acquired from the
focus controller 1421, the delay calculator 1422 calculates
time taken for a transmitted ultrasound wave to arrive at an
observation point Pij in a subject, for each observation point
Pij in the target region Bx.

[0072] FIG. 10A and FIG. 10B are schematic diagrams
illustrating propagation paths of ultrasound arriving at a
reception transducer Rk in the reception aperture RX,
reflected from an observation point Pij at a position in the
target region Bx and emitted from the transmission aperture
Tx. FIG. 10A illustrates a case in which an observation point
Pij is deeper than the focal depth, and FIG. 10B illustrates
a case in which depth of an observation point Pij is less than
the focal depth.

[0073] A wavefront of a transmitted wave emitted from
the transmission aperture Tx converges at the transmission
focal point F via a path 401 then diffuses. A transmitted wave
arrives at an observation point Pij while converging or
diffusing, and if there is a change in acoustic impedance at
the observation point Pij a reflected wave is generated, the
reflected wave returning to a reception transducer Rk in the
reception aperture Rx of the probe 110. The transmission
focal point F is defined as a control parameter of the
transmission beamformer 130, and therefore length of a path
402 between the transmission focal point F and any obser-
vation point Pij can be geometrically calculated.

[0074] A method of calculating transmission time is
described in more detail below.

[0075] First, as illustrated in FIG. 10A, when an observa-
tion point Pij is deeper than the focal depth, transmission
time is calculated assuming that ultrasound emitted from the
transmission aperture Tx arrives at the transmission focal
point F via the path 401, then arrives at the observation point
Pij via the path 402 from the transmission focal point F.
Accordingly, a value obtained by summing a travel time
along the path 401 and a travel time along the path 402 is the
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transmission time of a transmission wave. More specifically,
for example, a total path length obtained by summing length
of the path 401 and length of the path 402 can be divided by
propagation speed of ultrasound in a subject in order to
obtain the transmission time.

[0076] On the other hand, as illustrated in FIG. 10B, when
an observation point Pij is shallower than or at an equal
depth to the focal depth, transmission time is calculated
assuming that, for ultrasound emitted from the transmission
aperture Tx, time to arrive at the transmission focal point F
via the path 401 and time to arrive at the transmission focal
point F from the observation point Pij via a path 404 and the
path 402 are equal. In other words, a value obtained by
subtracting a travel time of a transmission wave along the
path 402 from a travel time along the path 401 becomes the
transmission time. More specifically, for example, a path
length difference obtained by subtracting length of the path
402 from length of the path 401 can be divided by propa-
gation speed of ultrasound in a subject in order to obtain the
transmission time.

[0077] The delay calculator 1422 calculates the transmis-
sion times for ultrasound to arrive at each observation point
Pij in the target region Bx in a subject for one transmission
event.

[0078] Further, the delay calculator 1422 is a circuit that
calculates reception time for reflected waves to arrive at
each of the reception transducers Rk included in the recep-
tion aperture Rx from an observation point P. On the basis
of information indicating the positions of reception trans-
ducers Rk acquired from the focus controller 1421 and
information indicating position of the target region Bx, the
delay calculator 1422 calculates reception time taken for a
transmitted ultrasound wave reflected at each observation
point Pij in a subject to arrive at each reception transducer
Rk of the reception aperture Rx.

[0079] As described above, a transmission wave arriving
at an observation point Pij generates a reflected wave at the
observation point Pij, and the reflected wave returns to
reception transducers Rk in the reception aperture Rx of the
probe 110, and length of a path 403 from any observation
point Pij to each reception transducer Rk can be geometri-
cally calculated.

[0080] The delay calculator 1422 calculates, for every
observation point Pij in the target region Bx for one trans-
mission event, the reception times for transmitted ultrasound
reflected at an observation point Pij to arrive at each recep-
tion transducer Rk.

[0081] Further, the delay calculator 1422 calculates total
propagation time to each reception transducer Rk in the
reception aperture Rx from transmission times and reception
times, then based on the total propagation times, calculates
delay to apply to RF signal sequences corresponding to the
reception transducers Rk. The delay calculator 1422
acquires transmission times for ultrasound transmitted from
the transducers 110a to arrive at observation points Pij and
reception times for ultrasound reflected at the observation
points Pij to arrive at each reception transducer Rk. The
delay calculator 1422 then calculates total propagation times
for transmitted ultrasound to arrive at reception transducers
Rk and calculates delay for each of the reception transducers
Rk based on differences in total propagation times of the
reception transducers Rk. The delay calculator 1422 calcu-
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lates, for all observation points Pij in the target region BXx,
delay to apply to RF signal sequences corresponding to each
reception transducer Rk.

[0082] The total propagation time calculation method may
be the same for the first reception beamforming processing
and the second reception beamforming processing. Alterna-
tively, in the second reception beamforming processing,
transmission time may be calculated based on straight line
distance from the transmission aperture Tx to observation
point Pij, and reception time may be calculated based on
straight line distance from the observation point Pij to each
reception transducer Rk, in order to simply calculate total
propagation time.

iii) Memory Controller 1424

[0083] The memory controller 1424 identifies, among RF
signal sequences corresponding to reception transducers Rk
of the reception aperture Rx, RF signals corresponding to
delays with respect to reception transducers Rk as RF
signals corresponding to reception transducers Rk, based on
ultrasound reflected from observation points Pij. More spe-
cifically, corresponding to a transmission event, the memory
controller 1424 receives as input from the focus controller
1421 information indicating positions of reception transduc-
ers Rk, information indicating position of the target region
Bx, and delays applied to RF signals for each reception
transducer Rk. From RF signal sequences corresponding to
reception transducers Rk acquired from the RF signal stor-
age 1412, the memory controller 1424 identifies RF signals
corresponding to times from which delays of reception
transducers Rk are subtracted as RF signals based on
reflected waves from observation points Pij, and outputs to
the summing circuit 1425.

iv) Gain Controller 1423

[0084] The gain controller 1423 is a circuit that calculates
aweighting sequence (reception apodization) with respect to
each reception transducer Rk such that a weight of a
transducer positioned at a center of the reception aperture Rx
in the array direction is a maximum weight.

[0085] As illustrated in FIG. 11, the weighting sequence is
a sequence of weighting coefficients applied to RF signals
corresponding to each transducer in the reception aperture
Rx. The weighting sequence has a symmetric distribution
with the transmission focal point F as a center. As a shape
of a weighting sequence distribution, a Hamming window, a
Hann window, a rectangular window, or the like can be used,
and the shape of distribution is not limited to any particular
example. The weighting sequence is set so that weight for
the transducer positioned at the center of the reception
aperture Rx is a maximum, and a central axis of weight
distribution coincides with a reception aperture central axis
Rxo. The gain controller 1423 receives as input information
indicating positions of reception transducers Rk outputted
from the focus controller 1421, calculates a weighting
sequence for each reception transducer Rk, and outputs to
the summing circuit 1425.

v) Summing Circuit 1425

[0086] The summing circuit 1425 receives RF signals
identified as corresponding to reception transducers Rk
outputted from the memory controller 1424, sums the RF
signals, and generates delay-and-sum processed acoustic
line signals with respect to observation points Pij. Alterna-



US 2020/0046323 A1

tively, the summing circuit 1424 may be configured to
receive the weighting sequence with respect to each recep-
tion transducer Rk outputted from the gain controller 1423,
multiply RF signals identified as corresponding to reception
transducers Rk by weights corresponding to the reception
transducers Rk, and generate acoustic line signals with
respect to observation points Pij. Based on output of the
delay calculator 1422, the memory controller 1424 arranges
phases of RF signals detected by reception transducers Rk
positioned in the reception aperture Rx so that the summing
circuit 1425 performs summing processing, thereby super-
imposing RF signals received by reception transducers Rk
based on reflected ultrasound from the observation points
Pij, thereby increasing signal-to-noise ratio and enabling
extraction of RF signals from observation points Pij. The
summing processing method is the same for the first recep-
tion beamforming processing and the second reception
beamforming processing.

[0087] The summing circuit 1425 generates a set of acous-
tic line signals dsij for all observation points Pij in the target
region Bx in correspondence with a transmission event, i.e.,
acoustic line signal line data ds(q).

[0088] FIG. 11 is a schematic diagram illustrating a rela-
tionship between position of observation points Pij for
acquiring acoustic line signals to generate acoustic line
signal line data ds(q) and an array ids[q] of azimuth direction
coordinates of observation points Pij, in the first reception
beamforming processing. FIG. 12 is a schematic diagram
illustrating a relationship between position of observation
points Pij for acquiring acoustic line signals to generate
acoustic line signal line data ds(q) and an array ids[q] of
azimuth direction coordinates of observation points Pij, in
the second reception beamforming processing. As illustrated
in FIG. 11 and FIG. 12, the acoustic line signal line data
ds(q) (where q is an index identifying acoustic line signal
line data and q=1 to ML or NL) can be expressed as acoustic
line signal dsij (where i=ids[q]; j=1 to D) by using the array
ids[q] of azimuth direction coordinates of observation points
Pij.

[0089] Generated acoustic line signal line data ds(q) is
outputted to the frame memory 1420 for each transmission
event, and additional processing is performed subsequently.
[0090] Further, ultrasound transmission is repeated while
shifting the transmission aperture Tx in the array direction
by a movement pitch Mp corresponding to transmission
events, and by performing ultrasound transmission from all
N of the transducers 110a of the probe 110 acoustic line
signal frame data is generated, which is one frame of
synthesized acoustic line signals.

vi) Filter 1427

[0091] The filter 1427 is a circuit that up-samples acoustic
line signals, and the second reception beamforming process-
ing may be configured to output generated acoustic line
signals via the filter 1427. A high pass filter such as a finite
impulse response (FIR) filter can be used. However, the filter
1427 is not limited to this. For examples, a least square filter,
a polynomial approximation filter, an eigenvector filter, or
the like may be used.

[0092] According to the present embodiment, the filter
1427 outputs acoustic line signals to the frame memory
controller 1428, and the frame memory controller 1428
outputs the acoustic line signals as is to the output unit 1429.
vii) Coordinate Converter 1426
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[0093] The coordinate converter 1426, the frame memory
controller 1428, and the frame memory 1420 (also referred
to collectively as a synthesizer) are circuitry that generates
acoustic line signal frame data from acoustic line signal line
data generated for a transmission event in the first reception
beamforming processing. That is, the synthesizer sums
acoustic line signal line data based on positions of obser-
vation points Pij for which acoustic line signals included in
the acoustic line signal line data are acquired, thereby
summing acoustic line signals for each observation point to
generate acoustic line signal frame data. Thus, acoustic line
signals are summed for an observation point at a given
position.

[0094] FIG. 13A is a schematic diagram illustrating a
positional relationship of coordinates at which acoustic line
signal line data dsij is acquired in sequential transmission
events 1 and 1+1 in the first reception beamforming pro-
cessing, and FIG. 13B is a schematic diagram illustrating a
positional relationship of coordinates at which acoustic line
signal line data dsij is acquired in sequential transmission
events 1 and 1+1 in the second reception beamforming
processing.

[0095] The coordinate converter 1426 assigns coordinate
information of observation points Pij for which acoustic line
signals are acquired, with respect to acoustic line signals in
each acoustic line signal line data ds(q) (q=1 to ML or NL)
generated corresponding to a transmission event. More
specifically, the coordinate converter 1426 outputs to the
frame memory controller 1428 acoustic line signals of
acoustic line signal line data ds(q) (q=1 to ML or NL; in FIG.
13A, ML=3; in FIG. 13B, ML=2) and coordinate informa-
tion of observation points Pij for which the acoustic line
signals are acquired.

viii) Frame Memory 1420

[0096] The frame memory 1420 is a semiconductor
memory. Acoustic line signal line data ds(q) acquired by
different transmission events is summed at addresses corre-
sponding to positions of observation points Pij, thereby
synthesizing synthesized acoustic line signals with respect to
each observation point. According to the present embodi-
ment, the frame memory 1420 is configured to use the
internal semiconductor memory of the FPGA of the recep-
tion beamformer 140, like the RF signal storage 1412. The
frame memory 1420 is partitioned in a transducer array
direction (azimuth direction) into a number of addresses
equal to the number of input channels and in a subject depth
direction into a number of addresses D (where D is a natural
number). According to the present embodiment, the trans-
ducer array direction (azimuth direction) is partitioned into
96 or 192 addresses and D is partitioned into 4000 to 12000
addresses, for example.

ix) Frame Memory Controller 1428, Output Unit 1429

[0097] The frame memory controller 1428 designates
addresses of the frame memory 1420 corresponding to
observation point Pij coordinate information, sums an
acoustic line signal with data held at the designated address,
and replaces the data held at the designated address with a
result of the summing.

[0098] Thus, an acoustic line signal generated correspond-
ing to a transmission event can be synthesized based on
position of an observation point Pij from which the acoustic
line signal is acquired.
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[0099] The output unit 1429 is a circuit that outputs
acoustic line signals generated at the delay-and-sum unit 142
to the main summing unit 143.

[0100] As described above, in the first reception beam-
forming processing, in chronological order of transmission
events, the frame memory controller 1428 performs pro-
cessing of acquiring acoustic line signal line data from the
coordinate converter 1426, designating an address of the
frame memory 1420 to output an acoustic line signal, and
summing with data stored in the frame memory 1420.
Further, the frame memory controller 1428 controls output
of acoustic line signals with respect to the frame memory
1420 based on instruction from the controller 180, and the
output unit 1429 outputs acoustic line signals output from
the frame memory 1420 to the main summing unit 143.
[0101] FIG. 14A and FIG. 14B are schematic diagrams
illustrating generation of acoustic line signal line data ds(q)
and timing of output from the frame memory 1420 in
sequential transmission events 1 and 1+1 in the first recep-
tion beamforming processing illustrated in FIG. 13A. In
FIG. 14A and FIG. 14B, a portion of the frame memory 1420
is illustrated corresponding to addresses corresponding to
coordinates of portion Bl in FIG. 13A.

[0102] Further, FIG. 15A and FIG. 15B are schematic
diagrams illustrating generation of acoustic line signal line
data ds(q) and timing of output from the frame memory 1420
in sequential transmission events 1 and 1+1 in the second
reception beamforming processing illustrated in FIG. 13B.
[0103] Inthe delay-and-sum unit 142, in the first reception
beamforming processing, first, as illustrated in FIG. 14A, in
transmission event 1, the frame memory controller 1428
specifies an address of the frame memory 1420 correspond-
ing to information of coordinates of an observation point Pjj
for which acoustic line signal line data ds(1), ds(2), ds(3) is
acquired, sums an acoustic line signal with data held at the
address, and overwrites the data held at the address with a
result of summing.

[0104] First, in transmission event 1, summing results of
past transmission events 1-1, 1-2 have been written to
addresses (1), (2) in the frame memory 1420 (indicated by
white circles “o” in the drawings). In this state, as illustrated
in FIG. 14A, acquisition positions of acoustic line signals of
portion B1 are ds(1), ds(2), ds(3) in order in a positive
direction along the X axis. Thus, as illustrated in FIG. 14A,
acoustic line signals ds(1), ds(2), ds(3) (indicated by black
squares “I” in the drawings) are summed with data (indi-
cated by white circles “0” in the drawings) held at corre-
sponding addresses S (addresses (1). (2), (3)) in the frame
memory 1420, and summing results overwrite data at the
corresponding addresses S. Then, the frame memory con-
troller 1428 outputs to the main summing unit 143, via the
output unit 1429, an acoustic line signal (indicated by a
black circle “@” in the drawings) at address (1) after
summing of the acoustic line signal generated in past
transmission event 1-2, the acoustic line signal generated in
past transmission event 1-1, and the acoustic line signal
generated in the present transmission event 1 is complete.
[0105] Next, in transmission event 1+1, summing results
of past transmission events 1, 1-1 have been written to
addresses (2), (3) in the frame memory 1420 (indicated by
white circles “0” in the drawings). In this state, as illustrated
in FIG. 14B, acoustic line signals ds(1), ds(2), ds(3) (indi-
cated by black squares “W” in the drawings) are summed
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held at corresponding addresses S (addresses (2), (3), (4)) in
the frame memory 1420, and summing results overwrite
data at the corresponding addresses S. Then, the frame
memory controller 1428 outputs to the main summing unit
143, via the output unit 1429, an acoustic line signal
(indicated by a black circle “@” in the drawings) at address
(2) after summing of the acoustic line signal generated in
past transmission event 1-1, the acoustic line signal gener-
ated in past transmission event 1, and the acoustic line signal
generated in the present transmission event 1+1 is complete.

[0106] Further, generation of the acoustic line signal line
data ds(1), ds(2), ds(3) in the delay-and-sum unit 142 and
summing with data in the corresponding address S in the
frame memory 1420 is performed in one time slot, which is
one sample period divided by the number ML (in FIG. 14A
and FIG. 14B, ML=3) of acoustic line signal line data to be
obtained, which in this example is 10 ns. The acoustic line
signal line data ds(1), ds(2), ds(3) are time division pro-
cessed into three time slots in one transmission event.
[0107] More specifically, as illustrated in FIG. 14A and
FIG. 14B, in the transmission event 1 or 1+1, in a time slot
1, the acoustic line signal line data ds(1) is summed and
written to the address (1) (or address (2) in transmission
event 1+41). Further, in time slot 2, the acoustic line signal
line data ds(2) is summed and written to the address (2) (or
address (3) in transmission event 1+1). Further, in time slot
3, the acoustic line signal line data ds(3) is summed and
written to the address (3) (or address (4) in transmission
event 1+1), and at the same time, acoustic line signal line
data at the address (1) (or address (2) in transmission event
1+1) marked with a black circle “®” is read and output for
subsequent processing.

[0108] By using this configuration, simultaneous access to
the frame memory 1420 does not occur with respect to
summing processing related to acoustic line signal line data
ds(1), ds(2), ds(3), and therefore 1-read/1-write (1R1 W)
type single port static random access memory (SRAM) can
be used, and hardware cost of the frame memory 1420 can
be further reduced. Further, for example, a mounting area
can be further reduced when compared to a case in which the
frame memory 1420 comprises a multiport memory such as
a 2R1 W type, a 2R2 W type, or the like.

[0109] Further, in the second reception beamforming pro-
cessing, first, as illustrated in FIG. 14B, in transmission
event 1, the frame memory controller 1428 does not store
acoustic line signal line data ds(1), ds(2) in the frame
memory 1420, and outputs in the order generated, chrono-
logically, to the main summing unit 143 via the output umit
1429.

[0110] Here, generation of (NI, lines of) acoustic line
signal line data ds(1), ds(2) in the delay-and-sum unit 142
and output to the main summing unit 143 is performed in
two time slots selected from the three 10 ns time slots
derived from dividing one sample period by the number ML
(in FIG. 14A and FIG. 14B, ML=3) of acoustic line signal
line data to be obtained in the first reception beamforming
processing. In the remaining one (ML-NL) time slot, pro-
cessing is stopped. That is, the NL lines of acoustic line
signal line data ds(1), ds(2) are not processed in two time
slots obtained by dividing one sample period by the number
NL (in FIG. 15A and FIG. 15B, NL=2) of lines of acoustic
line signal line data to be obtained in one sample period, and
are instead chronologically processed in two time slots
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selected from three time slots derived from dividing the one
sample period by the number ML.

[0111] More specifically, as illustrated in FIG. 15A and
FIG. 15B, in the transmission event 1 or 1+1, in the time slot
1, the acoustic line signal line data ds(1) is generated and
outputted to the main summing unit 143. In the time slot 2,
the acoustic line signal line data ds(2) is generated and
outputted. In the time slot 3, processed is stopped.

[0112] By adopting such a configuration, it is possible to
generate acoustic line signal line data within the same time
slots in both the first reception beamforming processing and
the second reception beamforming processing. Thus, trans-
fer rates between circuit modules can be equalized or closely
approximated between the first reception beamforming pro-
cessing and the second reception beamforming processing.
Here, “closely approximated” indicates that a difference
between ML and NL is in a range of about +15 lines.
[0113] Further, by performing summing processing of
acoustic line signal line data in the delay-and-sum unit 142
in the first reception beamforming processing, the number of
lines of acoustic line signal line data transferred to the main
summing unit 143 from the delay-and-sum unit 142 can be
reduced when compared to a case where acoustic line signal
line data summing processing is performed in the main
summing unit 143. Thus, an increase in the interface speci-
fication between the delay-and-sum unit 142 and the main
summing unit 143, which are circuit modules in the recep-
tion beamformer 140, and an increases in required specifi-
cation of the main summing unit 143, which is a subsequent
stage circuit module, can be suppressed, and hardware cost
of the reception beamformer 140 can be reduced.

(3) Main Summing Unit 143

[0114] The main summing unit 143 is a circuit that
arranges acoustic line signal line data generated in the
delay-and-sum units 142 corresponding to a transmission
event based on coordinates of observation points Pij from
which the data is acquired, in order to generate acoustic line
signal frame data.

[0115] FIG. 5 is a function block diagram illustrating
configuration of the main summing unit 143 of the FPGA 2.
As illustrated in FIG. 5, the main summing unit 143 includes
input units 1431_1, 1431_2 that input acoustic line signal
line data outputted from the output units 1429 of the
delay-and-sum units 142_1, 142_2, a summing circuit 1432
that generates acoustic line signal frame data arranged with
reference to coordinates of observation points Pij for which
acoustic line signal line data is acquired, and a transmission
circuit 1433 that performs direct memory access (DMA)
transfer of the acoustic line signal frame data to the ultra-
sound image generator 150. The summing circuit 1432
generates acoustic line signal frame data by arranging acous-
tic line signal line data for all transmission events. Generated
acoustic line signal frame data is transmitted to the ultra-
sound image generator 150 from the transmission circuit
1433 for each transmission event or each set of transmission
events.

(4) Circuit Block Operation in First and Second Reception
Beamforming Processing

[0116] The reception beamformer 140 includes functions
of the first reception beamforming processing according to
a synthetic aperture method and the second reception beam-
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forming processing according to a simple delay-and-sum
method, and selectively executes beamforming processing
based on various operation conditions in ultrasound mea-
surement. As illustrated in FIG. 4, the delay-and-sum unit
142 includes the frame memory 1420, the focus controller
1421, the delay calculator 1422, the gain controller 1423, the
memory controller 1424, the summing circuit 1425, the
coordinate converter 1426, the filter 1427, the frame
memory controller 1428, and the output unit 1429. Of these,
elements of the delay-and-sum unit 142 that operate in the
first reception beamforming processing and the second
reception beamforming processing are different. FIG. 16 is
a function block diagram illustrating the reception beam-
former 140 in the first reception beamforming processing.
FIG. 17 is a function block diagram illustrating the reception
beamformer 140 in the second reception beamforming pro-
cessing. In FIG. 16 and FIG. 17, circuit blocks indicated by
solid lines function, and operation of circuit blocks indicated
by broken lines is stopped. More specifically, in the first
reception beamforming processing, the frame memory con-
troller 1428 sums ML lines of acoustic line signal line data
generated in processing from the focus controller 1421 to the
summing circuit 1425 with data held at addresses S in the
frame memory 1420, and outputs acoustic line signals at
addresses for which summing corresponding to the number
of lines of acoustic line signal line data is complete to the
main summing unit 143, via the output unit 1429.

[0117] On the other hand, in the second reception beam-
forming processing, the frame memory controller 1428, after
upsampling by the filter 1427, outputs to the main summing
unit 143, via the output unit 1429, NL lines of acoustic line
signal line data generated in processing from the focus
controller 1421 to the summing circuit 1425, in the order the
data is generated, without storing the data in the frame
memory 1420.

[0118] As described above, according to the ultrasound
signal processing device 500 pertaining to the present
embodiment, circuit size can be reduced when compared to
reception beamforming circuitry that simply implements
both delay-and-sum beamforming processing and synthetic
aperture beamforming processing functions by using differ-
ent circuit modules, by selectively causing operation of
common circuit module elements when executing the first
reception beamforming processing by a synthetic aperture
method and when executing the second reception beam-
forming processing by a simple delay-and-sum method.

<Operations>

[0119] The following describes operations of the ultra-
sound diagnostic device 100 configured as described above.
[0120] FIG. 18, FIG. 19, and FIG. 20 are flowcharts
illustrating beamforming processing operations of the recep-
tion beamformer 140.

[0121] First, the controller 180 receives an operation con-
dition cnd from an input unit (not illustrated) such as a
keyboard, mouse, or the like (step S05). Operation condi-
tions are ultrasound measurement operation conditions of
the ultrasound diagnostic device 100, such as B mode
selection, color Doppler mode selection, B mode and color
Doppler mode combined mode selection, analysis target
region (region of interest; ROI) selection, presence or
absence of transmission steering, and the like.

[0122] Next, the RF signal storage 1412 and the frame
memory 1420 are initialized, and data at all addresses are
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overwritten with zero values (step S10). Next, in the first
reception beamforming processing by a synthetic aperture
method, the focus controller 1421 determines an array ids[q]
(where gq=1 to ML; and ML is the number of lines of acoustic
line signal line data generated in a transmission event) of
azimuth direction coordinates of observation points Pij for
which acoustic line signals are to be generated, correspond-
ing to depth direction index j (step S20). As illustrated in
FIG. 11, in the first reception beamforming processing, q
virtual lines (where g=1 to ML; in FIG. 11, ML=5) passing
through the transmission focal point F are set, and a finite
number of observation points Pij are set on each virtual line.
According to the present disclosure, a set of acoustic line
signals obtained with respect to observation points Pij on the
same virtual line is referred to as acoustic line signal line
data.

[0123] Further, arrays ids[q] (where ¢=1 to ML; and ML
is the number of lines of acoustic line signal line data
generated in one transmission event) of azimuth direction
coordinates 1 of observation points Pij for which acoustic
line signals are generated corresponding to a depth direction
index j are determined for all values of j, and a value idr is
set to a maximum value ids[q]_max(idr) of the array ids[q]
for all values of j (step S20).

[0124] Further, the value 1, indicating a transmission
event number, is initialized to 1 (step S25).

[0125] Next, whether or not the value idr of the array
ids[q] is larger than a maximum value of azimuth direction
addresses of the frame memory 1420 is determined (step
S30), if larger, the value idr is set to 0, and if not, processing
proceeds to step S110.

[0126] Next, the transmitter 131 determines the transmis-
sion aperture Tx from the transducers 1104 of the probe 110
(step S110), and performs transmission processing (a trans-
mission event) supplying transmission signals for causing
transmission of an ultrasound beam from transmission trans-
ducers included in the transmission aperture Tx (step S120).
[0127] Next, the receiver 141 determines the reception
transducer array Rwx from the transducers 110« of the probe
110 (step S130).

[0128] Next, a maximum value j (D) is set for j in the
target region Bx for which acoustic line signals are to be
calculated (step S131) and j is set to an initial value (step
S132).

[0129] Next, whether the operation condition cnd is
included in a condition set A is determined (step S133). The
condition set A is a set of operation conditions for perform-
ing the first reception beamforming processing by the syn-
thetic aperture method. For example, the condition set A
may be set such that various operation conditions in B mode
are included in the condition set A and operations conditions
in color Doppler mode, B mode and color Doppler mode
combined mode, and transmission steering are not included
in the condition set A. When the operation condition cnd is
included in the condition set A, processing proceeds to step
S151, and when not, processing proceeds to step S240.
[0130] Next, in FIG. 19, the index i indicating azimuth
direction coordinates corresponding to j is set to an initial
value ids[1] (g=1) (step S151).

[0131] Next, in step S152, a minimum value kRFmin and
a maximum value kRFmax of an index k of the azimuth
direction corresponding to observation points P(i,j) are
determined, to set the reception aperture Rx, and k is set is
to the minimum value kRFmin (step S153). Here, k is an
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index indicating position in the azimuth direction of trans-
ducers corresponding to RF signals referenced in delay-and-
sum processing of observation points P(i,j).

[0132] Next, in step S160, the delay calculator 1422
calculates a value v corresponding to a delay amount, based
on the observation point P(i,j) and k, the memory controller
1424 reads corresponding rf(k,v) from the RF signal holder
1412, and the summing circuit 1425 sums with a summing
register (delay-and-sum processing). At this time, the gain
controller 1423, as illustrated in FIG. 11, may multiply
rf(k,v) by a weighting coeflicient corresponding to k from
the weighting distribution (apodization) centered on the
central axis Rxo of the reception aperture Rx to perform
summing.

[0133] Next, it is determined whether k is the maximum
value kRFmax (step S161). If less than the maximum value,
k is incremented (step S162) and processing returns to step
S160. If k is equal to or greater than the maximum value,
processing proceeds to step S170. By performing step S160
(delay-and-sum processing) for values of k in the azimuth
direction corresponding to observation points P(i,j) from the
minimum value kRFmin to the maximum value kRFmax,
acoustic line signals (delay-and-sum (DAS) data) with
respect to observation points P(i,j) are added to the summing
register.

[0134] Next, in step S170, the coordinate converter 1426
specifies an address S (ids[q]j) of the frame memory 1420
corresponding to coordinates (ids[q]j) in the target region
Bx. For example, the coordinate converter 1426 may set a
sum of ids[q] and a value (1-1) obtained by subtracting 1
from the transmission event number 1 as an azimuth direc-
tion corresponding address S, and the address as a corre-
sponding address S(ids[q],j), and outputs the corresponding
address S(ids[q]j) to the frame memory controller 1428. The
frame memory controller 1428 sums the summing register
with the data held at the corresponding address S(ids[q].j),
and overwrites the data with the summing result (step S171).
[0135] Next, it is determined whether or not q is the
maximum value ML of acoustic line signals in the target
region Bx (step S181). If less than the maximum value ML,
q is incremented, 1 is set to a new ids[q] (step S182), and
processing returns to step S152. When q is the maximum
value ML in the target region Bx, an acoustic line signal
ds(ids_maxj) for which synthesis processing in transmission
events to this point is complete, held at the corresponding
address (idr,j) of the frame memory 1420, is outputted to the
main summing unit 143 (step S195).

[0136] In step S195, each acoustic line signal may be
multiplied by amplification factors that are different in the
depth direction and determined according to the number of
times acoustic line signals are summed in the acoustic line
signal ds(ids[q],j). At this stage, acoustic line signals ds(ids
[qlj) of observation points P(i,j) corresponding to the array
ids[q] (q=1 to ML) of all azimuth direction coordinates
corresponding to the index j are generated, and are outputted
to the frame memory 1420 for summing with data of
corresponding addresses.

[0137] Next, whether or not j is the maximum value j(D)
in the target region Bx is determined (step S196). Ifj is less
than the maximum value j(D), j is incremented (step S197)
and processing returns to step S151 to calculate an acoustic
line signal ds(ids [q] j) for an observation point P(i,)
corresponding to a new array ids[q]. In this way, by incre-
menting j and repeating step S160, acoustic line signals
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ds(ids[q],j) are generated for observation points P(i,j) cor-
responding to the array ids[q] of all azimuth direction
coordinates positioned in the target region Bx. If j is the
maximum value j(D) in step S196, processing proceeds to
step S319.

[0138] Next, whether all transmission events have been
performed is determined depending on whether or not 1,
indicating the transmission event count, is a maximum value
(step 300). If not completed, 1 and idr are incremented (step
S301) and processing returns to step S30. A transmission
event is executed, moving the transmission aperture Tx in
the array direction by the movement pitch Mp, the coordi-
nates (i,j) indicating position of an observation point P(i,j)
are set with respect to the array ids[q] corresponding to j,
based on a range of the target region Bx obtained from the
transmission aperture Tx of the current transmission event,
the minimum value kRFmin and the maximum value kRF-
max for the observation point P(i,j) are determined (step
S152), and acoustic line signal ds(ids[q] j) generation (de-
lay-and-sum processing) is performed (step S160). If com-
plete, the first reception beamforming processing according
to the synthetic aperture method ends.

[0139] On the other hand, in the determination of whether
or not the operation condition cnd is included in the condi-
tion set A in step S133, when it is determined that the
operation condition cnd is not included in the condition set
A, processing proceeds to step S240. In FIG. 20, in the
second reception beamforming processing by the simple
delay-and-sum method, first, the focus controller 1421 deter-
mines azimuth direction coordinates of the array ids[q]
(where g=1 to NL; and NL is the number of lines of acoustic
line signal line data generated in one transmission event) of
observation points Pij for which acoustic line signals are to
be generated corresponding to the index j in the depth
direction (step S240).

[0140] As illustrated in FIG. 12, in the second reception
beamforming processing, q virtual lines (where q=1 to NL,;
in FIG. 12, NL=1) normal to the azimuth direction, passing
through the transmission focal point F, are set, and a finite
number of observation points Pij are set on each virtual line.
[0141] Next, the index i indicating azimuth direction coot-
dinates corresponding to j is set to an initial value ids[1]
(g=1) (step S251).

[0142] Next, in step S252, a minimum value kRFmin and
a maximum value kRFmax of the index k of the azimuth
direction corresponding to observation points P(ij) are
determined, to set the reception aperture Rx, and k is set is
to the minimum value kRFmin (step S253). Here, k is an
index indicating position in the azimuth direction of trans-
ducers corresponding to RF signals referenced in delay-and-
sum processing of observation points P(i,)).

[0143] Next, in step S260, the delay calculator 1422
calculates a value v corresponding to a delay amount, based
on the observation point P(i,j) and k, the memory controller
1424 reads corresponding rf(k,v) from the RF signal holder
1412, and the summing circuit 1425 sums with a summing
register (delay-and-sum processing). At this time, the gain
controller 1423, as illustrated in FIG. 12, may multiply
rf{k,v) by a weighting coeflicient corresponding to k from
the weighting distribution (apodization) centered on the
central axis Rxo of the reception aperture Rx to perform
summing.

[0144] Next, it is determined whether k is the maximum
value kRFmax (step S261). If less than the maximum value,

Feb. 13,2020

k is incremented (step S262) and processing returns to step
S260. If k is equal to or greater than the maximum value,
processing proceeds to step S280. By performing step S260
(delay-and-sum processing) for values of k in the azimuth
direction corresponding to observation points P(i,j) from the
minimum value kRFmin to the maximum value kRFmax,
acoustic line signals (delay-and-sum (DAS) data) with
respect to observation points P(i,j) are added to the summing
register.

[0145] Next, in step S280, the frame memory controller
1428 outputs the summing register value to the main sum-
ming unit 134. At this time, the filter 1427 may perform
upsampling processing and output a result to the main
summing unit 134.

[0146] Next, it is determined whether or not q is the
maximum value NL of acoustic line signals in the target
region Bx (step S281). If less than the maximum value NL,
q is incremented, 1 is set to a new ids[q] (step S282), and
processing returns to step S252. If q is the maximum value
NL in the target region Bx, acoustic line signals ds(ids[q].j)
are generated for all observation points P(i,j) corresponding
to an array ids[q] (q=1 to NL) of azimuth direction coordi-
nates corresponding to the index j, and are outputted to the
main summing unit 143.

[0147] Next, whether or not j is the maximum value j(D)
in the target region Bx is determined (step S296). If j is less
than the maximum value j(D), j is incremented (step $S292)
and processing returns to step S240 to calculate an acoustic
line signal ds(ids[q],j) for an observation point P(i,j) corre-
sponding to a new array ids[q] (step S160). In this way. by
incrementing j and repeating step S260, acoustic line signals
ds(ids[q],j) are generated for observation points P(i,j) cor-
responding to the array ids[q] of all azimuth direction
coordinates positioned in the target region Bx. If j is the
maximum value j(D) in step S291, processing proceeds to
step S300.

[0148] Next, whether all transmission events have been
performed is determined depending on whether or not 1,
indicating the transmission event count, is a maximum value
(step 300). If not completed, 1 and idr are incremented (step
S301) and processing returns to step S30. A transmission
event is executed, moving the transmission aperture Tx in
the array direction by the movement pitch Mp, the coordi-
nates (i,j) indicating position of an observation point P(i,j)
are set with respect to the array ids[q] corresponding to j,
based on a range of the target region Bx obtained from the
transmission aperture Tx of the current transmission event
(step S240), the minimum value kRFmin and the maxinmum
value kRFmax for the observation point P(i,j) are deter-
mined (step S252), and acoustic line signal ds(ids[q]j)
generation (delay-and-sum processing) is performed (step
S260). If complete, the second reception beamforming pro-
cessing according to the delay-and-sum method ends.

<Review>

[0149] The ultrasound signal processing device 500 per-
taining to at least one embodiment is an ultrasound signal
processing device comprising ultrasound signal processing
circuitry, the ultrasound signal processing circuitry compris-
ing the reception beamformer 140 that executes processing
selected from first reception beamforming processing and
second reception beamforming processing. The first recep-
tion beamforming processing includes generating, for each
transmission event, a set of acoustic line signal line data
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including acoustic line signals associated with observation
points where a portion of the observation points associated
with one set have a same position as a portion of the
observation points associated with another set, and synthe-
sizing acoustic line signal line data by summing acoustic
line signals that are associated with the observation points
having same positions. The second reception beamforming
processing includes generating, for each transmission event,
a set of acoustic line signal line data including one or more
acoustic line signals associated with the observation points,
where positions of the observation points are different for
each transmission event. Numbers of lines of the acoustic
line signals generated per transmission event are different
between the first reception beamforming processing and the
second reception beamforming processing. The reception
beamformer 140 includes the delay-and-sum unit 142 that
performs delay-and-sum processing with respect to recep-
tion signal sequences from multiple channels based on
reflected ultrasound to calculate the acoustic line signal line
data. The delay-and-sum unit 142, in the first reception
beamforming processing, synthesizes the acoustic line sig-
nal line data calculated in the delay-and-sum processing by
summing the acoustic line signals associated with the obser-
vation points having the same positions, and in the second
reception beamforming processing, outputs the acoustic line
signal data calculated in the delay-and-sum processing as is.
Time taken by the delay-and-sum unit 142 to generate the
acoustic line signal line data per set of acoustic line signal
line data is equal or approximately equal in the first recep-
tion beamforming processing and the second reception
beamforming processing.

[0150] Conventionally, if the reception beamformer 140
were structured to simply implement both delay-and-sum
beamforming processing and synthetic aperture beamform-
ing processing, there is a technical problem that in a simple
implementation transfer rates between circuit modules are
made different, interface specifications between circuit mod-
ules in the reception beamforming circuit and required
specifications of circuit modules in subsequent stages
become high, and therefore hardware costs of the reception
beamformer 140 would become high.

[0151] On the other hand, according to the ultrasound
signal processing device 500 embodiment described above,
transfer rates are equal or approximately equal between
circuit modules in both the first reception beamforming
processing and the second reception beamforming process-
ing, and therefore an increase in interface specifications
between the delay-and-sum unit 142 and the main summing
unit 143, which are circuit modules in the reception beam-
former 140, and an increase in required specifications of the
main summing unit 143, which is a subsequent stage circuit
module, can be suppressed, and hardware costs of the
reception beamformer 140 can be reduced. As a result, it is
possible to implement functions of both beamforming pro-
cessing by a synthetic aperture method and beamforming
processing by a simple delay-and-sum method in a simple
structure in a reception beamforming circuit.

[0152] Further, the first reception beamforming processing
and the second reception beamforming processing can be
implemented by selective operation of components of a
common circuit module, and in comparison to a structure in
which both functions are simply implemented by different
circuit modules, circuit scale of the reception beamformer
140 can be reduced.
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[0153] According to at least one embodiment, the delay-
and-sum unit 142 comprises the frame memory 1420, and in
the first reception beamforming processing the delay-and-
sum unit 142 performs the synthesis by summing the acous-
tic line signal line data with acoustic line signals associated
with the observation points having the same positions pre-
viously written to addresses of the frame memory 1420
corresponding to the positions.

[0154] According to said structure, by performing sum-
ming processing of acoustic line signal line data in the
delay-and-sum unit 142 in the first reception beamforming
processing, the number of lines of acoustic line signal line
data transferred to the main summing unit 143 from the
delay-and-sum unit 142 can be reduced when compared to
a case where acoustic line signal line data summing pro-
cessing is performed in the main summing unit 143, and
therefore an increase in interface specifications between the
delay-and-sum unit 142 and the main summing unit 143, and
an increase in required specifications of the main summing
unit 143, which is a subsequent stage circuit module, can be
suppressed. Further, an interface with a low transfer rate
between the delay-and-sum unit 142 and the main summing
unit 143 can be used, allowing more freedom in interface
selection, and a low system cost can be realized.

[0155] According to at least one embodiment, the number
of lines of the acoustic line signal line data outputted by the
delay-and-sum unit 142 per transmission event is ML in the
first reception beamforming processing, and NL in the
second reception beamforming processing, and a maxinum
value of ML and NL is max(ML, NL), and the delay-and-
sum unit 142, in processing generating and outputting max
(ML, NL) lines of the acoustic line signal line data, gener-
ates and outputs the max(ML, NL) lines of the acoustic line
signal line data in a max(ML, NL) cycle time slot period by
operating at a max(ML, NL) multiple of processing speed.

[0156] According to said structure, it is possible to gen-
erate acoustic line signal line data within the same time slots
in both the first reception beamforming processing and the
second reception beamforming processing. Thus, an
increase in the interface specification between the delay-
and-sum unit 142 and the main summing unit 143, which are
circuit modules in the reception beamformer 140, and an
increase in required specification of the main summing umt
143, which is a subsequent stage circuit module, are sup-
pressed, and hardware cost of the reception beamformer 140
can be reduced.

[0157] According to at least one embodiment, a minimum
value of ML, and NL is min(ML, NL), and the delay-and-
sum unit 142, in processing generating and outputting min
(ML, NL) lines of the acoustic line signal line data, stops
generation and output of the acoustic line signal line data in
a (max(ML, NL)-min(ML, NL)) cycle time slot period.

[0158] According to said structure, by performing time-
division processing (time slot processing) of max(ML,NL)
double-speed operations, required circuit scale can be
reduced, and system cost can be reduced. Further, time slot
processing enables scalable processing and simplifies circuit
structure.

[0159] According to at least one embodiment, the recep-
tion beamformer 140 comprises a plurality of the delay-and-
sum unit 142, and the main summing unit 143 that further
sums acoustic line signal line data outputted from the
plurality of the delay-and-sum unit 142.
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[0160] According to said structure, it is possible to con-
figure a multi-channel reception beamforming circuit using
a plurality of circuit modules including the delay-and-sum
unit 142. Further, the main summing unit can be structured
by only a simple summing circuit and a DMA transfer
circuit, reducing system cost of the beamformer.

<Modification 1>

[0161] Although an ultrasound signal processing device
pertaining to at least one embodiment has been described
above, the present disclosure is not limited to the embodi-
ment described above, except for essential characteristic
elements thereof. For example, embodiments obtained by
various modifications conceivable by a person skilled in the
art applied to any described embodiment, and any combi-
nation of elements and functions of any embodiment that
does not depart from the spirit of the present disclosure are
included in the present disclosure. The following describes
ultrasound signal processing devices pertaining to modifi-
cations as examples of such embodiments.

[0162] The following describes a configuration of an ultra-
sound signal processing device pertaining to Modification 1.
[0163] According to Embodiment 1, the reception beam-
former 140 includes a plurality of the delay-and-sum unit
142, and the main summing unit 143 that further sums
acoustic line signal line data outputted from the delay-and-
sum units 142 and outputs to a subsequent stage. The
delay-and-sum unit 142 includes the first frame memory
1420. In the first reception beamforming processing, for
each transmission event, acoustic line signal line data is
synthesized by summing acoustic line signal data for obser-
vation points at the same position written to an address in the
first frame memory 1420 corresponding to the observation
points at the same position.

[0164] According to a reception beamformer 140A of an
ultrasound signal processing device pertaining to Modifica-
tion 1, a main summing unit 143A further includes a second
frame memory 1434A. FIG. 21 is a function block diagram
of the reception beamformer 140A pertaining to Modifica-
tion 1. According to this structure, in the first reception
beamforming processing, for each transmission event, in
addition to the first frame memory 1420, acoustic line signal
line data can be summed for observation points at the same
position written to an address in the second frame memory
1434A of the main summing unit. Further, according to
Modification 1, the reception beamformer 140A can bypass
the first frame memory 1420 for a portion of acoustic line
signal line data generated in the delay-and-sum unit to
perform summing processing in the second frame memory
1434 A of the main summing unit 134A. Frame memory can
be distributed among FPGA1 and FPGA2, and when com-
pared to Embodiment 1, FPGA1 circuit modules can be
reduced in cost.

<Modification 2>

[0165] The following describes a configuration of an ultra-
sound signal processing device pertaining to Modification 2.
The reception beamformer 140B of the ultrasound signal
processing device pertaining to Modification 2 includes a
plurality of a delay-and-sum unit 142B and a main summing
unit 134B that further sums acoustic line signal line data
outputted from the delay-and-sum units 142B, wherein only
the main summing unit 134B includes a frame memory
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1434B. FIG. 22 is a function block diagram of the reception
beamformer 140B pertaining to Modification 2.

[0166] More specifically, the reception beamformer 140B
in the ultrasound signal processing device pertaining to
Modification 2 includes the delay-and-sum unit 142B that
performs delay-and-sum processing with respect to recep-
tion signal sequences of multiple channels based on reflected
ultrasound to generate acoustic line signal line data, and the
main summing unit 143B that sums and outputs acoustic line
signal line data outputted from the delay-and-sum unit
142B. The main summing unit 143B, in the first reception
beamforming processing, synthesizes and outputs acoustic
line signal line data by summing acoustic line signals with
respect to observation points at the same position in acoustic
line signal line data calculated by the delay-and-sum umt
142B, and in the second reception beamforming processing,
outputs the acoustic line signal line data calculated by the
delay-and-sum unit 142B as is. The time taken to generate
the acoustic line signal line data per unit number from the
delay-and-sum unit 142B to the main summing unit 143B is
the same or approximately the same in the first reception
beamforming processing and the second reception beam-
forming processing.

[0167] According to this structure, in the first reception
beamforming processing, for each transmission event,
acoustic line signal line data can be summed with acoustic
line signal data with respect to observation points at the
same position written to an address corresponding to the
same position in the frame memory 1434B of the main
summing unit 134B. Further, according to the reception
beamformer 140B of Modification 2, frame memory can be
provided to different FPGA2, and cost of the circuit module
of the FPGALI can be further reduced when compared to
Embodiment 1.

<<Other Modifications>>

[0168] (1) According to the ultrasound diagnostic device
100 pertaining to Embodiment 1, the focus controller 1421
selects the reception aperture Rx such that an array center
coincides with the transducer having closest spatial prox-
imity to an observation point Pij. However, configuration of
the reception aperture Rx can be appropriately modified.

[0169] For example, a transmission-correlated reception
aperture setting unit may be provided that selects a reception
aperture Rx transducer array that has an array center that
coincides with an array center of a transmission aperture Tx
transducer array. According to this configuration, the recep-
tion aperture Rx transducer array is selected so that an array
center of a reception aperture Rx transducer array coincides
with an array center of the transmission aperture Tx trans-
ducer array. Position of a center axis of the reception
aperture Rx coincides with position of a center axis of the
transmission aperture Tx, and the reception aperture Rx is an
aperture symmetrical about the transmission focal point F.
Accordingly, position of the reception aperture Rx also shifts
in correspondence with position changes of the transmission
aperture Tx shifting in the array direction per transmission
event.

[0170] (2) A weighting number sequence (reception
apodization) with respect to each reception transducer Rk of
a reception aperture Rx may be calculated so that weight of
a transducer positioned on a central axis of the reception
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aperture Rx and a central axis of the transmission aperture
Tx is a maximum, but a weighting number sequence need
not be used.

[0171] (3) The ultrasound diagnostic device 100 pertain-
ing to any embodiment is not limited to the ultrasound
diagnostic device structure illustrated in FIG. 1. For
example, the transmission beamformer 130 and the recep-
tion beamformer 140 may be directly connected to the
transducers 110a of the probe 110 without the multiplexer
120. Further, the transmission beamformer 130, the recep-
tion beamformer 140, or a portion thereof may be inside the
probe 110. This is not limited only to the ultrasound diag-
nostic device 100 pertaining to embodiments described
above, and the same applies to other ultrasound diagnostic
devices pertaining to embodiments described below and
modifications. Further, a structure without the filter 1427 is
possible.

[0172] (4) The present disclosure is based on the embodi-
ments above, but the present disclosure is not limited to
these embodiments, and the following examples are also
included in the scope of the present disclosure.

[0173] For example, the present disclosure may include a
computer system including a microprocessor and a memory,
the memory storing a computer program and the micropro-
cessor operating according to the computer program. For
example, the present disclosure may include a computer
system that operates (or instructs operation of connected
elements) according to a computer program of a diagnostic
method of an ultrasound diagnostic device of the present
disclosure.

[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
disclosure. 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
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 operates accord-
ing to the computer program, the system LSI thereby real-
izing the functions. For example, a case of the beamforming
method of the present disclosure stored as a program of an
LSI, the LSI inserted into a computer, and a defined program
(beamforming method) being executed is also included in
the present disclosure.

[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.
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[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. All or part of the functions of an ultrasound
diagnostic device pertaining to at least one embodiment may
be implemented by a non-transitory computer-readable stor-
age medium on which a program is stored that causes
execution of a diagnostic method or beamforming method 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 transmission medium such as the Inter-
net.

[0179] Alternatively, elements of the ultrasound diagnos-
tic device pertaining to at least one 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. This may be referred to
as general-purpose computing on a graphics processing umit
(GPGPU). These elements can each be a single circuit
component or an assembly of circuit components. Further, a
plurality of elements can be combined into a single circuit
component or can be an aggregate of a plurality of circut
components.

[0180] According to the 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 a
semiconductor memory, hard disk drive, optical disk drive,
magnetic storage device, or the like may be externally
connectable 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.

[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 structure 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,
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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
disclosure is not limited to the example numbers used above.

[0186] Further, the present disclosure includes various
modifications that are within the scope of conceivable ideas
by a person skilled in the art.

<<Review>>

[0187] As described above, the ultrasound signal process-
ing device pertaining to one aspect of the present disclosure
is an ultrasound signal processing device comprising ultra-
sound signal processing circuitry, the ultrasound signal
processing circuitry comprising a reception beamformer that
executes processing selected from first reception beamform-
ing processing and second reception beamforming process-
ing. The first reception beamforming processing includes
generating, for each transmission event, a set of acoustic line
signal line data including acoustic line signals associated
with observation points where a portion of the observation
points associated with one set have a same position as a
portion of the observation points associated with another set,
and synthesizing acoustic line signal line data by summing
acoustic line signals that are associated with the observation
points having same positions. The second reception beam-
forming processing includes generating, for each transmis-
sion event, a set of acoustic line signal line data including
one or more acoustic line signals associated with the obser-
vation points, where positions of the observation points are
different for each transmission event. Numbers of lines of
the acoustic line signals generated per transmission event are
different between the first reception beamforming process-
ing and the second reception beamforming processing, and
the reception beamformer includes a delay-and-sum unit that
performs delay-and-sum processing with respect to recep-
tion signal sequences from multiple channels based on
reflected ultrasound to calculate the acoustic line signal line
data. The delay-and-sum unit, in the first reception beam-
forming processing, synthesizes the acoustic line signal line
data calculated in the delay-and-sum processing by sum-
ming the acoustic line signals associated with the observa-
tion points having the same positions, and in the second
reception beamforming processing, outputs the acoustic line
signal data calculated in the delay-and-sum processing as is.
Time taken by the delay-and-sum unit to generate the
acoustic line signal line data per set of acoustic line signal
line data is equal or approximately equal in the first recep-
tion beamforming processing and the second reception
beamforming processing.

[0188] According to this structure, transfer rate between
circuit modules is equal or approximately equal between the
first reception beamforming processing and the second
reception beamforming processing, and therefore an
increase in the interface specification between the delay-
and-sum unit and the main summing unit, which are circuit
modules in the reception beamformer, and an increase in
required specification of the main summing unit, which is a
subsequent stage circuit module, are suppressed.

[0189] According to at least one embodiment, the delay-
and-sum unit comprises a frame memory, and in the first
reception beamforming processing the delay-and-sum unit
performs the synthesis by summing the acoustic line signal
line data with acoustic line signals associated with the
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observation points having the same positions previously
written to addresses of the frame memory corresponding to
the positions.

[0190] According to this structure, a number of lines of
acoustic line signal line data transferred to the main sum-
ming unit 143 from the delay-and-sum unit 142 in one
transmission event in the first reception beamforming pro-
cessing can be decreased, leading to lower cost circuitry, by
performing summing processing of acoustic line signal line
data in the delay-and-sum unit 142.

[0191] According to at least one embodiment, the recep-
tion beamformer comprises a plurality of the delay-and-sum
unit, and a main summing unit that further sums acoustic
line signal line data outputted from the plurality of the
delay-and-sum unit.

[0192] According to this structure, it is possible to con-
figure a multi-channel reception beamforming circuit using
a plurality of circuit modules including the delay-and-sum
unit 142. The main summing unit can be made with only a
simple summing circuit and a DMA transfer circuit.
[0193] According to at least one embodiment, the main
summing unit further comprises a second frame memory.
[0194] According to this structure, prior stage circuit mod-
ule cost can be reduced.

[0195] According to at least one embodiment, the number
of lines of the acoustic line signal line data outputted by the
delay-and-sum unit per transmission event is ML in the first
reception beamforming processing, and NL in the second
reception beamforming processing, and a maximum value of
ML and NL is max(ML, NL), and the delay-and-sum unit, in
processing generating and outputting max(ML, NL) lines of
the acoustic line signal line data, generates and outputs the
max(ML, NL) lines of the acoustic line signal line data in a
max(ML, NL) cycle time slot period by operating at a
max(ML, NL) multiple of processing speed.

[0196] According to this structure, it is possible to gener-
ate acoustic line signal line data within the same time slots
in both the first reception beamforming processing and the
second reception beamforming processing.

[0197] According to at least one embodiment, a minimum
value of ML, and NL is min(ML, NL), and the delay and sum
unit, in processing generating and outputting min(ML, NL)
lines of the acoustic line signal line data, stops generation
and output of the acoustic line signal line data in a (max(ML,
NL)-min(ML, NL)) cycle time slot period.

[0198] According to this structure, by performing time-
division processing (time slot processing) of max(ML,NL)
double-speed operations, scalable processing becomes pos-
sible and circuit structure can be simplified.

[0199] According to at least one embodiment, the ultra-
sound signal processing device comprises ultrasound signal
processing circuitry, the ultrasound signal processing cir-
cuitry comprising a reception beamformer and a main sum-
ming unit. The reception beamformer executes processing
selected from first reception beamforming processing and
second reception beamforming processing. The first recep-
tion beamforming processing includes generating a set of
acoustic line signal line data including acoustic line signals
associated with observation points for each transmission
event, where a portion of the observation points associated
with one set have a same position as a portion of the
observation points associated with another set, and synthe-
sizing acoustic line signal line data by summing acoustic
line signals that are associated with the observation points
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having same positions. The second reception beamforming
processing includes generating a set of acoustic line signal
line data including one or more acoustic line signals asso-
ciated with the observation points for each transmission
event, where positions of the observation points are different
for each transmission event. Numbers of lines of the acoustic
line signals generated per transmission event are different
between the first reception beamforming processing and the
second reception beamforming processing. The reception
beamformer includes a delay-and-sum unit that performs
delay-and-sum processing with respect to reception signal
sequences from multiple channels based on reflected ultra-
sound to calculate the acoustic line signal line data. The
main summing unit sums and outputs the acoustic line signal
line data outputted from the delay-and-sum unit. The main
summing unit, in the first reception beamforming process-
ing, synthesizes the acoustic line signal line data calculated
by the delay-and-sum unit by summing the acoustic line
signals associated with the observation points having the
same positions, and in the second reception beamforming
processing, outputs the acoustic line signal data calculated
by the delay-and-sum unit as is. Time taken by the delay-
and-sum unit to generate the acoustic line signal line data per
set of acoustic line signal line data is equal or approximately
equal in the first reception beamforming processing and the
second reception beamforming processing.

[0200] According to at least one embodiment, the main
summing unit comprises a frame memory, and in the first
reception beamforming processing the main summing unit
performs the synthesis by summing the acoustic line signal
line data with acoustic line signals associated with the
observation points having the same positions previously
written to addresses of the frame memory corresponding to
the positions.

[0201] According to this structure, prior stage circuit mod-
ule cost can be further reduced.

[0202] According to at least one embodiment, the trans-
mission event comprises transmitting an ultrasound beam to
a target region in a subject from a transmission transducer
array selected from transducers arrayed on an ultrasound
probe, the reflected ultrasound is received by the transduc-
ers, and the reception signal sequences are obtained by
executing the transmission event multiple times while
gradually shifting the transmission transducer array in an
array direction. In the first reception beamforming process-
ing, the delay-and-sum unit performs the delay-and-sum
processing with respect to the observation points positioned
on first virtual lines extending in a depth direction of the
subject from the transmission transducer array, wherein
positions of a portion of the observation points on the first
virtual lines of consecutive transmission events coincide. In
the second reception beamforming processing, the delay-
and-sum unit performs the delay-and-sum processing with
respect to the observation points positioned on second
virtual lines extending in the depth direction of the subject
from the transmission transducer array, wherein positions of
the observation points on the second virtual lines of con-
secutive transmission events do not coincide.

[0203] According to this structure, the first reception
beamforming processing by a synthetic aperture method and
the second reception beamforming processing by a simple
delay-and-sum method become possible.

Feb. 13,2020

[0204] According to at least one embodiment, in the
second reception beamforming processing, the acoustic line
signal line data is outputted without being written to the
frame memory.

[0205] According to this structure, both delay-and-sum
beamforming processing and synthetic aperture beamform-
ing processing functions can be cheaply implemented by a
structure in which transfer rates between circuit modules are
equal or approximately equal.

[0206] As described above, according to an ultrasound
signal processing device and an ultrasound diagnostic device
that makes use of the ultrasound signal processing device
pertaining to at least one embodiment of the present disclo-
sure, between first reception beamforming processing by a
synthetic aperture method and second reception beamform-
ing processing by a simple delay-and-sum method, both
delay-and-sum beamforming processing and synthetic apet-
ture beamforming processing functions can be cheaply
implemented in reception beamforming circuitry by a struc-
ture in which transfer rates between circuit modules are
equal or approximately equal.

[0207] Thus, the ultrasound signal processing device, the
ultrasound diagnostic device, the ultrasound signal process-
ing method, the program, and the computer-readable non-
transitory storage medium pertaining to the present disclo-
sure are effective in improving functionality of conventional
ultrasound diagnostic devices, in particular reducing costs of
calculators in reception beamformers using a synthetic aper-
ture method and improving frame rate by reducing calcula-
tion load and data transfer load. Further, the present disclo-
sure can be applied not only to ultrasound, but also to
applications such as sensors that use a plurality of array
elements.

<<Supplement>>

[0208] The embodiments described above each indicate
one preferred specific example of the present disclosure.
Numerical values, shapes, materials, constituent elements,
arrangement positions and connections of constituent ele-
ments, steps, order of steps, and the like indicated as
embodiments are merely examples and are not intended to
limit the present disclosure. Further, among constituent
elements in the embodiments, elements not described in
independent claims representing top level concepts of the
present disclosure are described as any constituent element
constituting a more beneficial embodiment.

[0209] 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.

[0210] Further, in order to facilitate understanding, con-
stituent elements in each drawing referenced by description
of an embodiment are not necessarily to scale. Further, the
present disclosure is not limited by the description of each
embodiment and can be appropriately changed without
departing from the scope of the present disclosure.

[0211] 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 herein.
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What is claimed is:

1. An ultrasound signal processing device comprising
ultrasound signal processing circuitry, the ultrasound signal
processing circuitry comprising

a reception beamformer that executes processing selected

from first reception beamforming processing and sec-
ond reception beamforming processing, wherein

the first reception beamforming processing includes
generating, for each transmission event, a set of
acoustic line signal line data including acoustic line
signals associated with observation points where a
portion of the observation points associated with one
set have a same position as a portion of the obser-
vation points associated with another set, and syn-
thesizing acoustic line signal line data by summing
acoustic line signals that are associated with the
observation points having same positions, and

the second reception beamforming processing includes
generating, for each transmission event, a set of
acoustic line signal line data including one or more
acoustic line signals associated with the observation
points, where positions of the observation points are
different for each transmission event,

wherein numbers of lines of the acoustic line signals
generated per transmission event are different between
the first reception beamforming processing and the
second reception beamforming processing, and

the reception beamformer includes a delay-and-sum unit
that performs delay-and-sum processing with respect to
reception signal sequences from multiple channels
based on reflected ultrasound to calculate the acoustic
line signal line data, and

the delay-and-sum unit

in the first reception beamforming processing, synthe-
sizes the acoustic line signal line data calculated in
the delay-and-sum processing by summing the
acoustic line signals associated with the observation
points having the same positions,

in the second reception beamforming processing, out-
puts the acoustic line signal data calculated in the
delay-and-sum processing as is, and
time taken by the delay-and-sum unit to generate the
acoustic line signal line data per set of acoustic line
signal line data is equal or approximately equal in the
first reception beamforming processing and the second
reception beamforming processing.

2. The ultrasound signal processing device of claim 1,
wherein the delay-and-sum unit comprises a frame memory,
and in the first reception beamforming processing the delay-
and-sum unit performs the synthesis by summing the acous-
tic line signal line data with acoustic line signals associated
with the observation points having the same positions pre-
viously written to addresses of the frame memory corre-
sponding to the positions.

3. The ultrasound signal processing device of claim 2,
wherein the reception beamformer comprises a plurality of
the delay-and-sum unit, and a main summing unit that
further sums acoustic line signal line data outputted from the
plurality of the delay-and-sum unit.

4. The ultrasound signal processing device of claim 3,
wherein the main summing unit further comprises a second
frame memory.
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5. The ultrasound signal processing device of claim 1,
wherein

the number of lines of the acoustic line signal line data
outputted by the delay-and-sum unit per transmission
event is ML in the first reception beamforming pro-
cessing, and NL in the second reception beamforming
processing, and a maximum value of ML and NL is
max(ML, NL), and

the delay-and-sum unit, in processing generating and
outputting max(ML, NL) lines of the acoustic line
signal line data, generates and outputs the max(ML,
NL) lines of the acoustic line signal line data in a
max(ML, NL) cycle time slot period by operating at a
max(ML, NL) multiple of processing speed.

6. The ultrasound signal processing device of claim 5,

wherein
a minimum value of ML and NL is min(ML, NL), and
the delay-and-sum unit, in processing generating and
outputting min(ML, NL) lines of the acoustic line
signal line data, stops generation and output of the
acoustic line signal line data in a (max(ML, NL)-min
(ML, NL)) cycle time slot period.
7. An ultrasound signal processing device comprising
ultrasound signal processing circuitry, the ultrasound signal
processing circuitry comprising:
a reception beamformer that executes processing selected
from first reception beamforming processing and sec-
ond reception beamforming processing, wherein
the first reception beamforming processing includes
generating a set of acoustic line signal line data
including acoustic line signals associated with obser-
vation points for each transmission event, where a
portion of the observation points associated with one
set have a same position as a portion of the obser-
vation points associated with another set, and syn-
thesizing acoustic line signal line data by summing
acoustic line signals that are associated with the
observation points having same positions, and

the second reception beamforming processing includes
generating a set of acoustic line signal line data
including one or more acoustic line signals associ-
ated with the observation points for each transmis-
sion event, where positions of the observation points
are different for each transmission event,
wherein numbers of lines of the acoustic line signals
generated per transmission event are different between
the first reception beamforming processing and the
second reception beamforming processing, and
the reception beamformer includes a delay-and-sum unit
that performs delay-and-sum processing with respect to
reception signal sequences from multiple channels
based on reflected ultrasound to calculate the acoustic
line signal line data; and
a main summing unit that sums and outputs the acoustic
line signal line data outputted from the delay-and-sum
unit, wherein
the main summing unit
in the first reception beamforming processing, synthe-
sizes the acoustic line signal line data calculated by
the delay-and-sum unit by summing the acoustic line
signals associated with the observation points having
the same positions,

in the second reception beamforming processing, out-
puts the acoustic line signal data calculated by the
delay-and-sum unit as is, and
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time taken by the delay-and-sum unit to generate the
acoustic line signal line data per set of acoustic line
signal line data is equal or approximately equal in the
first reception beamforming processing and the second
reception beamforming processing.

8. The ultrasound signal processing device of claim 7,
wherein

the number of lines of the acoustic line signal line data

outputted by the delay-and-sum unit per transmission
event is ML in the first reception beamforming pro-
cessing, and NL in the second reception beamforming
processing, and a maximum value of ML and NL is
max(ML, NL), and

the delay-and-sum unit, in processing generating and

outputting max(ML, NL) lines of the acoustic line
signal line data, generates and outputs the max(ML,
NL) lines of the acoustic line signal line data in a
max(ML, NL) eycle time slot period by operating at a
max(ML, NL) multiple of processing speed.

9. The ultrasound signal processing device of claim 8,
wherein

a minimum value of ML and NL is min(ML, NL), and

the delay-and-sum unit, in processing generating and

outputting min(ML, NL) lines of the acoustic line
signal line data, stops generation and output of the
acoustic line signal line data in a (max(ML, NL)-min
(ML, NL)) cycle time slot period.

10. The ultrasound signal processing device of claim 7,
wherein the main summing unit comprises a frame memory,
and in the first reception beamforming processing the main
summing unit performs the synthesis by summing the acous-
tic line signal line data with acoustic line signals associated
with the observation points having the same positions pre-
viously written to addresses of the frame memory corre-
sponding to the positions.

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

the transmission event comprises transmitting an ultra-

sound beam to a target region in a subject from a
transmission transducer array selected from transducers
arrayed on an ultrasound probe, the reflected ultrasound
is received by the transducers, and the reception signal
sequences are obtained by executing the transmission
event multiple times while gradually shifting the trans-
mission transducer array in an array direction,

in the first reception beamforming processing, the delay-

and-sum unit performs the delay-and-sum processing
with respect to the observation points positioned on
first virtual lines extending in a depth direction of the
subject from the transmission transducer array, wherein
positions of a portion of the observation points on the
first virtual lines of consecutive transmission events
coincide,

in the second reception beamforming processing, the

delay-and-sum unit performs the delay-and-sum pro-
cessing with respect to the observation points posi-
tioned on second virtual lines extending in the depth
direction of the subject from the transmission trans-

Feb. 13,2020

ducer array, wherein positions of the observation points
on the second virtual lines of consecutive transmission
events do not coincide.

12. The ultrasound signal processing device of claim 2,
wherein, in the second reception beamforming processing,
the acoustic line signal line data is outputted without being
written to the frame memory.

13. An ultrasound image diagnostic device comprising:

an ultrasound probe that includes a plurality of transduc-

ers; and

an ultrasound signal processing device comprising ultra-

sound signal processing circuitry, the ultrasound signal
processing circuitry comprising

a reception beamformer that executes processing selected

from first reception beamforming processing and sec-

ond reception beamforming processing with respect to

reception signal sequences from the ultrasound probe,

wherein

the first reception beamforming processing includes
generating, for each transmission event, a set of
acoustic line signal line data including acoustic line
signals associated with observation points where a
portion of the observation points associated with one
set have a same position as a portion of the obser-
vation points associated with another set, and syn-
thesizing acoustic line signal line data by summing
acoustic line signals that are associated with the
observation points having same positions, and

the second reception beamforming processing includes
generating, for each transmission event, a set of
acoustic line signal line data including one or more
acoustic line signals associated with the observation
points, where positions of the observation points are
different for each transmission event,

wherein numbers of lines of the acoustic line signals

generated per transmission event are different between
the first reception beamforming processing and the
second reception beamforming processing, and

the reception beamformer includes a delay-and-sum unit

that performs delay-and-sum processing with respect to
the reception signal sequences from multiple channels
based on reflected ultrasound to calculate the acoustic
line signal line data, and

the delay-and-sum unit

in the first reception beamforming processing, synthe-
sizes the acoustic line signal line data calculated in
the delay-and-sum processing by summing the
acoustic line signals associated with the observation
points having the same positions,

in the second reception beamforming processing, out-
puts the acoustic line signal data calculated in the
delay-and-sum processing as is, and

time taken by the delay-and-sum unit to generate the

acoustic line signal line data per set of acoustic line
signal line data is equal or approximately equal in the
first reception beamforming processing and the second
reception beamforming processing.

* #* * #* #®
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