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FIG. 5A
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FIG. 8A

SCANNINGLNES"
SCANNING LINE 4
SCANNING LINE §

TRANSMISSION OPENING 1 POSITIVE| |
TRANSMISSION OPENING 2 NEGATIVE

TRANSMISSION OPENING 3 POSITVEL T
TRANSHISSION OPENING 4 NEGATIVE EZ
TRANSMISSION OPENING 5

TRANSMISSION OPENING §

TRANSMISSION OPENING 7

TRANSWISSION OPENING 8 NEGATIVEEE

FIG. 8B
SCANNING LINE 3"

|OPENING HOPENING 2|OPENING 3{OPENING 4{0PENING 5IOPENING 6|
POSITIVE NEGATIVE POSITIVE [NEGATIVE POSITIVE NEGATIVE

SCANNING LINE 4°

IOPENING 2[OPENING 3]OPENING 4{OPENING 5{0PENING B{OPENING 7|
NEGATIVE POSITIVE NEGATIVE | POSITIVE NEGATIVE POSITIVE

SCANNING LINE 5°

IOPENING 3IOPENING 410PENING 5{0PENING B{OPENING TIOPENING 8|
POSITIVE NEGATIVE POSITIVE [NEGATIVE POSITIVE NEGATIVE




Patent Application Publication

May 19,2016 Sheet 10 of 12

US 2016/0139252 Al

FIG. 9
ELEMENT ~ ELEMENT ~ ELEMENT  ELEMENT  ELEMENT  ELEMENT
DATAOF  DATAOF  DATAOF  DATAOF  DATAOF  DATAOF
POSITVE ~ NEGATIVE  POSITVE ~ NEGATIVE ~ POSITIVE  NEGATIVE
PHASE PHASE PHASE PHASE PHASE PHASE
DELAY 92| |DELAY 01| |DELAY 60| |DELAY 30| [DELAY 1| |DELAY 02

\\u\/“//
/\

PROGESSED
ELEMENT
DATA




US 2016/0139252 Al

INTAVIdSID ] o NOLOIS "1 [NOLLO3S DNISSI00Hd|q | NOIOSS

NOLLYHINTD TOVMI NOLLO3LIC NOLLIGQY DNISVHd
[\
- % v 5 5
= 87 P ob 8¢
£
o
& 1INN DNISSIO0Hd 1INN 3OVH0LS
=) VIVOININTE (€] vivoInawdiz (€| LNMONAIEDR e 1804d €—| LINN NOISSINSNYAL
>
E % b 9 5 5
A 02 91 o¢ ¥l
3
E s
= 0l
=
[~
2
3 0l 'OH
S
-«
E
5
=™



Patent Application Publication = May 19,2016 Sheet 12 0f12  US 2016/0139252 A1l

FIG. 11

ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT

DATA OF DATA OF DATA OF DATA OF DATA OF

POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE
PHASE PHASE PHASE PHASE PHASE

ARANANA RN

DELAY 02 DELAY {1 DELAY 00 DELAY 01 DELAY 0?2
COEFFIGIENT 2| [COEFFIGIENT &r1) (COEFFICIENT /() |COEFFICIENT ai| (COEFFICIENT 2

AL
/\

PROGESSED
ELEMENT
DATA




US 2016/0139252 Al

ULTRASOUND DIAGNOSTIC DEVICE,
METHOD FOR GENERATING ACOUSTIC
RAY SIGNAL OF ULTRASOUND
DIAGNOSTIC DEVICE, AND PROGRAM FOR
GENERATING ACOUSTIC RAY SIGNAL OF
ULTRASOUND DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP2014/061319, filed on
Apr. 22, 2014, which is incorporated herein by reference in its
entirety. Further, this application claims priority from Japa-
nese Patent Application No. 2013-116021, filed on May 31,
2013, the disclosure of which is incorporated by reference
herein in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Thepresent disclosure relates to an ultrasound diag-

nostic device, an acoustic ray signal generation method of an
ultrasound diagnostic device, and a storage medium for stor-
ing an acoustic ray signal generation program of an ultra-
sound diagnostic device.

[0004] 2. Description of the Related Art

[0005] As atechnique for reducing side lobes in ultrasound
diagnosis or for improving the azimuth resolution, a tech-
nique disclosed in “KIURA Nobuyuki, “Harmonic Imaging”,
Japanese Society of Radiological Technology Magazine, P
350-356" or JP1983-44372A (JP-558-44372A) has been pro-
posed.

[0006] “KIURA Nobuyuki, “Harmonic Imaging”, Japa-
nese Society of Radiological Technology Magazine, P 350-
356” proposes a method for solving the disadvantages of a
filtering method of separating fundamental wave components
and secondary harmonic components from each other using a
secondary harmonic detection filter and extracting only the
secondary harmonic components to perform imaging, Spe-
cifically, two ultrasound transmissions are performed con-
secutively in the same direction with the phases of the first and
second transmission waves being inverted. Fundamental
wave components of the reception waves of two times by the
transmission waves of two times have inverted phases, but the
secondary harmonic components have the same phase.
Therefore, doubled secondary harmonic components are
obtained by removing the fundamental wave components by
adding up the fundamental wave components and the second-
ary harmonic components of the reception waves of two
times. Therefore, it is possible to solve a reduction in distance
resolution that is a disadvantage of the filter method.

[0007] On the other hand, JP1983-44372A (JP-S58-
44372A) proposes a technique for improving the azimuth
resolution and the contrast resolution by sequentially adding
up reception signals based on the transmission and reception
of plural different openings.

[0008] In the technique disclosed in “KIURA Nobuyuki,
“Harmonic Imaging”, Japanese Society of Radiological
Technology Magazine, P 350-356”, however, the number of
frames is halved since imaging based on two ultrasound trans-
missions is performed. Accordingly, the time resolution is
reduced.

[0009] On the other hand, in the technique disclosed in
JP1983-44372A (JP-558-44372A), 1t is assumed that spheri-
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cal waves converge and diverge by regarding a focus formed
by transmission focusing as a single sound source. However,
since secondary side lobes are formed by the transmission
focusing, the side lobes are reflected on the reception signals.
This degrades the image quality.

SUMMARY

[0010] The present disclosure has been made in view of the
above situation, and provides an ultrasound diagnostic device
capable of obtaining a high-quality ultrasound image by
reducing side lobes, an acoustic ray signal generation method
of an ultrasound diagnostic device, and a non-transitory stor-
age medium for storing an acoustic ray signal generation
program of an ultrasound diagnostic device.

[0011] A first aspect of the present disclosure is an ultra-
sound diagnostic device including: a probe including plural
elements for generating ultrasound waves and receiving ultra-
sound waves reflected from an inspection target; a transmis-
sion unit that transmits ultrasound waves from the plural
elements such that an ultrasound beam is transmitted to the
inspection target by determining a group of a predetermined
number of elements of the probe as openings, determining in
advance an opening of a positive phase and an opening of a
negative phase corresponding to the opening of the positive
phase and inverting phases thereof; a receiving unit that
receives an ultrasound echo signal generated by interaction
between the ultrasound beam and the inspection target,
through the plural elements of the probe; an element data
storage unit that stores two or more sets of element data
including receiving time information in each element, the two
or more sets of element data being generated by transmitting
the ultrasound beam from openings having different phases
and having different elements at centers, in each of at least
two or more overlapping target regions in the inspection
target using the transmission unit, and receiving the ultra-
sound echo signal generated for each of the at least two or
more overlapping target regions in the inspection target by the
ultrasound beam, using the receiving unit; and a generation
unit that generates an acoustic ray signal in one scanning line
by overlapping the element data stored in the element data
storage unit.

[0012] According to the ultrasound diagnostic device of the
first aspect, the probe includes plural elements for generating
ultrasound waves and receiving ultrasound waves reflected
from the inspection target.

[0013] The transmission unit transmits ultrasound waves
from the plural elements such that the ultrasound beam is
transmitted to the inspection target by determining the open-
ing of the positive phase and the opening of the negative phase
in advance and inverting the phases with a group of a prede-
termined number of elements of the probe as each opening.
That is, ultrasound waves having inverted phases are trans-
mitted from the opening of the positive phase and the opening
of the negative phase.

[0014] The receiving unit receives an ultrasound echo sig-
nal, which is generated by the interaction between the ultra-
sound beam and the inspection target, through the plural
elements of the probe.

[0015] Two or more sets of element data including the
receiving time information in each element that are generated
by transmitting the ultrasound beam from openings, which
have different phases and have different elements at centers,
in each of at least two or more overlapping target regions in
the inspection target using the transmission unit and receiving



US 2016/0139252 Al

the ultrasound echo signal, which is generated for each of at
least two or more overlapping target regions in the inspection
target by the ultrasound beam, using the receiving unit are
stored in the element data storage unit.

[0016] The generation unit generates an acoustic ray signal
in one scanning line by overlapping the element data stored in
the element data storage unit. That is, since only the second-
ary harmonic components are extracted by performing over-
lapping by adding up the element data in the opening of the
positive phase and the element data in the opening of the
negative phase, it is possible to generate an acoustic ray signal
in which the influence of side lobes is suppressed. Therefore,
it is possible to obtain a high-quality ultrasound image by
reducing side lobes.

[0017] The transmission unit may transmit ultrasound
waves from the plural elements by determining the number of
the openings as an even number, determining in advance
openings that are located symmetrically with respect to the
scanning line as the opening of the positive phase and the
opening of the negative phase, inverting the phases thereof
and transmitting the ultrasound beam from each of the open-
ings.

[0018] Alternatively, the transmission unit may transmit
ultrasound waves from the plural elements by determining the
number of the openings as an odd number, inverting the
phases thereof and transmitting the ultrasound beam from
each of the opening of the positive phase and the opening of
the negative phase, and the generation unit may generate the
acoustic ray signal by overlapping the element data stored in
the element data storage unit based on the receiving time
information and a coefficient that is set in advance for each
opening such that sound pressure from a noted point is the
same.

[0019] The generation unit may include: a delay time cal-
culation section that calculates a delay time of the two or more
sets of the element data; and an overlapping processing sec-
tion that overlaps two or more sets of non-processed element
data so that times thereof match on a receiving time and
absolute positions of the elements of the probe that have
received the ultrasound echo signal match, based on the delay
time calculated by the delay time calculation section, the
receiving time information, and positions of the elements of
the probe that has received the ultrasound echo signal.
[0020] The transmission unit may transmit ultrasound
waves from the plural elements such that the opening of the
positive phase and the opening of the negative phase adjacent
to each other alternately transmit ultrasound beams.

[0021] On the other hand, a second aspect of the present
disclosure is an acoustic ray signal generation method of an
ultrasound diagnostic device including a transmission unit
that transmits ultrasound waves from plural elements of a
probe for generating ultrasound waves and receiving ultra-
sound waves reflected from the inspection target, such that the
ultrasound beam is transmitted to an inspection target by
determining a group of a predetermined number of the ele-
ments of the probe as openings, determining in advance an
opening of a positive phase and an opening of a negative
phase corresponding to the opening of the positive phase and
inverting phases thereof, a receiving unit that receives an
ultrasound echo signal generated by interaction between the
ultrasound beam and the inspection target, through the plural
elements of the probe, and in an element data storage unit, the
method including: transmitting, by the transmission unit, an
ultrasound beam from openings having different phases and
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having different elements at centers, in each of at least two or
more overlapping target regions in the inspection target;
receiving, by the receiving unit, an ultrasound echo signal
generated for each of the at least two or more overlapping
target regions in the inspection target; storing two or more sets
of element data generated by receiving the ultrasound echo
signal in the element data storage unit, the two or more set of
element data including receiving time information in each
element; and generating an acoustic ray signal in one scan-
ning line by overlapping the element data stored in the ele-
ment data storage unit.

[0022] According to the acoustic ray signal generation
method of an ultrasound diagnostic device of the second
aspect, the ultrasound beam is transmitted from the openings,
which have different phases and have different elements at
centers, in each of at least two or more overlapping target
regions in the inspection target using the transmission unit
that transmits ultrasound waves from the plural elements such
that the ultrasound beam is transmitted to the inspection target
by determining the opening of the positive phase and the
opening of the negative phase in advance and inverting the
phases with a group of a predetermined number of elements
of the probe as each opening, the probe including a plural
elements for generating ultrasound waves and receiving ultra-
sound waves reflected from the inspection target. That is,
ultrasound waves having inverted phases are transmitted from
the opening of the positive phase and the opening of the
negative phase.

[0023] Then, the ultrasound echo signal generated for each
of at least two or more overlapping target regions in the
inspection target is received using the receiving unit that
receives an ultrasound echo signal, which is generated by the
interaction between the ultrasound beam and the inspection
target, through the plural elements of the probe.

[0024] Then, two or more sets of element data including the
receiving time information in each element, which are gen-
erated by receiving the ultrasound echo signal, are stored in
the element data storage unit.

[0025] Then, based on the receiving time information in
each element, an acoustic ray signal in one scanning line is
generated by overlapping the element data stored in the ele-
ment data storage unit. That is, since only the secondary
harmonic components are extracted by performing overlap-
ping by adding up the element data in the opening of the
positive phase and the element data in the negative phase, it is
possible to generate an acoustic ray signal in which the influ-
ence of side lobes is suppressed. Therefore, it is possible to
obtain a high-quality ultrasound image by reducing side
lobes.

[0026] The ultrasound waves may be transmitted from the
plural elements by determining the number of the openings as
an even number, determining in advance openings that are
located symmetrically with respect to the scanning line as the
opening of the positive phase and the opening of the negative
phase, inverting the phases thereof and transmitting the ultra-
sound beam from each of the openings.

[0027] Alternatively, the ultrasound waves may be trans-
mitted from the plural elements by inverting phases of the
openings of the positive phase and the opening of the negative
phase in the transmission unit having an odd number of the
openings, and the acoustic ray signal may be generated by
overlapping the element data stored in the element data stor-
age unit based on the receiving time information and a coef-
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ficient that is set in advance for each opening such that sound
pressure from a noted point is the same.

[0028] The generation of the acoustic ray signal may fur-
ther include: calculating a delay time of the two or more sets
of element data; and overlapping two or more sets of non-
processed element data so that times thereof match on a
receiving time and absolute positions of the elements of the
probe that have received the ultrasound echo signal match,
based on the calculated delay time, the receiving time infor-
mation, and positions of the elements of the probe that have
received the ultrasound echo signal.

[0029] Ultrasound waves may be transmitted from the plu-
ral elements such that the opening of the positive phase and
the opening of the negative phase adjacent to each other
alternately transmit ultrasound beams.

[0030] Inaddition, a thirdaspect of the present disclosure is
a non-transitory storage medium that stores a program caus-
ing a computer to execute an acoustic ray signal generation
processing of an ultrasound diagnostic device including a
transmission unit that transmits ultrasound waves from plural
elements of a probe for generating ultrasound waves and
receiving ultrasound waves reflected from the inspection tar-
get, such that the ultrasound beam is transmitted to an inspec-
tion target by determining a group of a predetermined number
of the elements of the probe as openings, determining in
advance an opening of a positive phase and an opening of a
negative phase corresponding to the opening of the positive
phase and inverting phases thereof, a receiving unit that
receives an ultrasound echo signal generated by interaction
between the ultrasound beam and the inspection target,
through the plural elements of the probe, and in an element
data storage unit, the processing including: transmitting, by
the transmission unit, an ultrasound beam from openings
having different phases and having different elements at cen-
ters, in each of at least two or more overlapping target regions
in the inspection target; receiving, by the receiving unit, an
ultrasound echo signal is generated for each of the at least two
or more overlapping target regions in the inspection target;
storing two or more sets of element data generated by receiv-
ing the ultrasound echo signal in the element data storage
unit, the two or more sets of element data including receiving
time information in each element; and generating an acoustic
ray signal in one scanning line by overlapping the element
data stored in the element data storage unit.

[0031] According to the third aspect of the present disclo-
sure, the ultrasound beam is transmitted from the openings,
which have different phases and have different elements at
centers, in each of at least two or more overlapping target
regions in the inspection target using the transmission unit
that transmits ultrasound waves from the plural elements such
that the ultrasound beam is transmitted to the inspection target
by determining the opening of the positive phase and the
opening of the negative phase in advance and inverting the
phases with a group of a predetermined number of elements
of the probe as each opening, the probe including a plural
elements for generating ultrasound waves and receiving ultra-
sound waves reflected from the inspection target. That is,
ultrasound waves having inverted phases are transmitted from
the opening of the positive phase and the opening of the
negative phase.

[0032] Then, the ultrasound echo signal generated for each
of at least two or more overlapping target regions in the
inspection target is received using the receiving unit that
receives an ultrasound echo signal, which is generated by the
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interaction between the ultrasound beam and the inspection
target. through the plural elements of the probe.

[0033] Then, two or more sets of element data including the
receiving time information in each element, which are gen-
erated by receiving the ultrasound echo signal, are stored in
the element data storage unit.

[0034] Then, based on the receiving time information in
each element, an acoustic ray signal in one scanning line is
generated by overlapping the element data stored in the ele-
ment data storage unit. That is, since only the secondary
harmonic components are extracted by performing overlap-
ping by adding up the element data in the opening of the
positive phase and the element data in the negative phase, it is
possible to generate an acoustic ray signal in which the influ-
ence of side lobes is suppressed. Therefore, it is possible to
obtain a high-quality ultrasound image by reducing side
lobes.

[0035] The ultrasound waves may be transmitted from the
plural elements by determining the number of the openings as
an even number, determining in advance openings that are
located symmetrically with respect to the scanning line as the
opening of the positive phase and the opening of the negative
phase, inverting phases thereof and transmitting the ultra-
sound beam from each of the openings.

[0036] Alternatively, ultrasound waves may be transmitted
from the plural elements by inverting phases of the opening of
the positive phase and the opening of the negative phase of the
transmission unit having an odd number of the openings, and
the acoustic ray signal may be generated by overlapping the
element data stored in the element data storage unit based on
the receiving time information and a coefficient that is set in
advance for each opening such that sound pressure from a
noted point is the same.

[0037] The generation of the acoustic ray signal may fur-
ther include: calculating a delay time of the two or more sets
of element data; and overlapping two or more sets of non-
processed element data so that times thereof match on a
receiving time and absolute positions of the elements of the
probe that have received the ultrasound echo signal match,
based on the calculated delay time, the receiving time infor-
mation, and positions of the elements of the probe that have
received the ultrasound echo signal.

[0038] Ultrasound waves may be transmitted from the plu-
ral elements such that the opening of the positive phase and
the opening of the negative phase adjacent to each other
alternately transmit ultrasound beams.

[0039] As described above, in the present disclosure, it is
possible to obtain a high-quality ultrasound image by reduc-
ing side lobes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a block diagram showing the schematic
configuration of an ultrasound diagnostic device according to
the present embodiment.

[0041] FIG. 2is a block diagram showing the configuration
of an element data processing unit.

[0042] FIG. 3 shows cases of transmitting an ideal ultra-
sound beam from an element, in which (1) shows a case of
transmitting an ideal ultrasound beam from an element
located immediately above the reflection point of the subject,
(3) shows a case of transmitting an ideal ultrasound beam
from an element that is not located immediately above the
reflection point of the subject, and (2) and (4) show the
obtained element data, respectively.
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[0043] FIG. 4 shows cases of transmitting an actual ultra-
sound beam from an element, in which (1) shows a case of
transmitting an actual ultrasound beam from an element
located immediately above the reflection point of the subject,
(3) shows a case of transmitting an actual ultrasound beam
from an element that is not located immediately above the
reflection point of the subject, and (2) and (4) show the
obtained element data, respectively.

[0044] FIG. 5A shows the distance of the transmission path
of the ultrasound beam and the distance of the receiving path,
in which (1) shows a case of a true reflected ultrasound echo,
and (2) shows a case of a ghost reflection signal.

[0045] FIG.5B shows: (1) element data obtained in a plural
elements, and (2) their delay time.

[0046] FIG. 6 shows an exemplary flow of overlapping
processing performed by a overlapping processing section, in
which (1), (2) and (3) show element data obtained in a plural
elements, their delay time, and the overlapping state of ele-
ment data in a case of a true signal, (4), (5) and (6) show
element data obtained in a plural elements, their delay time,
and the overlapping state of element data in a case of a ghost,
and (7) and (8) show the overlapping state of element data
corresponding to a plural elements and the result, respec-
tively.

[0047] FIG. 7A is a schematic diagram for explaining the
transmission of a transmission beam that is performed while
shifting the transmission opening by one element at a time
and shifting the transmission focusing line by one line at a
time.

[0048] FIG. 7B is a diagram showing an example of a pair
of positive and negative transmission openings having
inverted phases.

[0049] FIG. 8A is a diagram for explaining the addition of
a pair of sets of positive and negative element data having
inverted phases and the overlapping of the element data.
[0050] FIG. 8B is a diagram for explaining the addition of
a pair of sets of positive and negative element data having
inverted phases and the overlapping of the element data.
[0051] FIG. 9 is a schematic diagram showing the addition
of a pair of sets of positive and negative transmission open-
ings having inverted phases and the overlapping of the ele-
ment data.

[0052] FIG. 10 is a block diagram showing a main part of
the ultrasound diagnostic device according to the embodi-
ment of the present disclosure along the process flow.
[0053] FIG. 11 is a schematic diagram showing the over-
lapping of positive and negative element data when the num-
ber of transmission openings is odd.

DETAILED DESCRIPTION

[0054] Hereinafter, an example of the present embodiment
will be described with reference to each diagram. FIG. 1is a
block diagram showing the schematic configuration of an
ultrasound diagnostic device according to the present
embodiment.

[0055]  As shown in FIG. 1, an ultrasound diagnostic device
10 includes an ultrasound probe 12, a transmission unit 14
and a receiving unit 16 that are connected to the ultrasound
probe 12, an A/D conversion unit 18, an element data storage
unit 20, an element data processing unit 22, an image genera-
tion unit 24, a display control unit 26, a display unit 28, a
control unit 30, an operating unit 32, and a storage unit 34.
[0056] The ultrasound probe 12 has a probe 36 that is used
in a normal ultrasound diagnostic device. The probe 36 has
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plural elements, that is, ultrasound transducers arranged in a
one-dimensional or two-dimensional array. When capturing
an ultrasound image of a subject, each of the ultrasound
transducers transmits an ultrasound beam to the subject
according to a driving signal supplied from the transmission
unit 14, and receives an ultrasound echo from the subject and
outputs areception signal. In the present embodiment, each of
a predetermined number of ultrasound transducers that form
a set of the plural ultrasound transducers of the probe 36
generates each component of one ultrasound beam, and a set
of a predetermined number of ultrasound transducers genet-
ate one ultrasound beam to be transmitted to the subject.

[0057] For example, each ultrasound transducer is formed
by an element (transducer) in which electrodes are formed at
both ends of the piezoelectric body formed of piezoelectric
ceramic represented by lead zirconate titanate (PZT), a poly-
mer piezoelectric element represented by polyvinylidene
fluoride (PVDF), piezoelectric single crystal represented by
lead magnesium niobate-lead titanate (PMN-PT), or the like.
That is, the probe 36 is a transducer array in which plural
transducers are arranged in a one-dimensional or two-dimen-
sional array as plural ultrasound elements.

[0058] When a pulsed or continuous-wave voltage is
applied to the electrodes of such a transducer, the piezoelec-
tric body expands and contracts to generate pulsed or con-
tinuous-wave ultrasound waves from each transducer. By
combination of these ultrasound waves, an ultrasound beam
1s formed. In addition, the respective transducers expand and
contract by receiving the propagating ultrasound waves,
thereby generating electrical signals. These electrical signals
are output as reception signals of the ultrasound waves.

[0059] The transmission unit 14 includes, for example, plu-
ral pulsers. Based on a transmission delay pattern selected
according to the control signal from the control unit 30, the
transmission unit 14 adjusts the amount of delay of the driv-
ing signal of each ultrasound element so that the ultrasound
waves transmitted from a set of a predetermined number of
ultrasound transducers (hereinafter, referred to as ultrasound
elements) in the probe 36 form one ultrasound beam, and
supplies the adjusted driving signals to the plural ultrasound
elements that form a set.

[0060] According to the control signal from the control unit
30, the receiving unit 16 receives an ultrasound echo, which is
generated by the interaction between the ultrasound beam and
the subject, from the subject using each ultrasound element of
the probe 36, amplifies and outputs the reception signal, that
is, an analog element signal for each ultrasound element, and
supplies the amplified analog element signal to the A/D con-
version unit 18.

[0061] The A/D conversion unit 18 is connected to the
receiving unit 16, and converts the analog element signal
supplied from the receiving unit 16 into digital element data.
The A/D conversion unit 18 supplies the A/D-converted digi-
tal element data to the element data storage unit 20.

[0062] The element data storage unit 20 stores the digital
element data output from the A/D conversion unit 18 in a
sequentially manner. In addition, the element data storage
unit 20 stores information regarding the frame rate input from
the control unit 30 (for example, parameters indicating the
depth of the reflection position of an ultrasound wave, the
density of scanning lines, and a field-of-view width) so as to
be associated with the above digital element data (hereinafter,
simply referred to as element data).
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[0063] When inspecting at least two or more target regions
overlapping each other in target regions on the position coot-
dinates of two or more dimensions according to the control
signal from the control unit 30, the element data storage unit
20 stores two or more sets of element data, which have been
generated for each of the two or more target regions from the
ultrasound echo received by the receiving unit 16, for each of
the two or more target regions. The element data stored in the
element data storage unit 20 is two or more sets of element
data including the receiving time information in each ele-
ment.

[0064] The element data processing unit 22 generates ele-
ment data after overlapping processing (hereinafter, referred
to as processed element data) by overlapping two or more sets
of element data generated for each of two or more target
regions stored in the element data storage unit 20 (hereinafter,
referred to as non-processed element data) so as to match the
time on the receiving time under the control of the control unit
30. The details of the element data processing unit 22 will be
described later.

[0065] Under the control of the control unit 30, the image
generation unit 24 generates an acoustic ray signal (reception
data) from the processed element data supplied from the
element data processing unit 22, and generates an ultrasound
image from the acoustic ray signal. Specifically, the image
generation unit 24 includes a phasing addition section 38, a
detection processing section 40, a DSC 42, an image genera-
tion section 44, and an image memotry 46.

[0066] The phasing addition section 38 performs reception
focusing processing by selecting one reception delay pattern
from plural reception delay patterns stored in advance accord-
ing to the receiving direction set by the control unit 30, apply-
ing each delay to the element data based on the selected
reception delay pattern, and adding up the results. Through
this reception focusing processing, reception data (acoustic
ray signal) with narrowed focus of the ultrasound echo is
generated. The phasing addition section 38 supplies the gen-
erated reception data to the detection processing section 40.

[0067] The detection processing section 40 generates
B-mode image data, which is tomographic image information
regarding tissue within the subject, by correcting the attenu-
ation due to the distance according to the depth of the reflec-
tion position of the ultrasound wave and then performing
envelope detection processing for the reception data gener-
ated by the phasing addition section 38.

[0068] The digital scan converter (DSC) 42 converts the
B-mode image data generated by the detection processing
section 40 into image data according to the normal television
signal scanning method (raster conversion).

[0069] The image generation section 44 generates B-mode
image data to be supplied for inspection or display by per-
forming various kinds of required image processing, such as
gradation processing, on the B-mode image data input from
the DSC 42, and outputs the generated B-mode image data for
inspection or display to the display control unit 26 in order to
display it or stores the generated B-mode image data for
inspection or display in the image memory 46.

[0070] The image memory 46 temporarily stores the
B-mode image data for inspection generated by the image
generation section 44. The B-mode image data for inspection
stored in the image memory 46 is read out to the display
control unit 26, when necessary, so as to be displayed on the
display unit 28.
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[0071] The display control unit 26 displays an ultrasound
image on the display unit 28 based on the B-mode image
signal for inspection having been subjected to image process-
ing by the image generation section 44.

[0072] The display unit 28 includes, for example, a display
device, such as an LCD, and displays an ultrasound image
under the control of the display control unit 26.

[0073] The control unit 30 controls each unit of the ultra-
sound diagnostic device 10 based on a command input from
the operating unit 32 by the operator.

[0074] When various kinds of information, especially,
information required for calculating the delay timeused in the
element data processing unit 22 and the phasing addition
section 38 of the image generation unit 24 and information
required for the element data processing in the element data
processing unit 22 have been input through the operating unit
32 by the operator, the control unit 30 supplies the above-
described various kinds of information input through the
operating unit 32 to each unit of the transmission unit 14, the
receiving unit 16, the element data storage unit 20, the ele-
ment data processing unit 22, the image generation unit 24,
the display control unit 26, and the like when necessary.
[0075] The operating unit 32 is used when the operator
performs an input operation, and includes a keyboard, a
mouse, a trackball, a touch panel, and the like.

[0076] The operating unit 32 includes an input device used
when the operator inputs various kinds of information, espe-
cially, information regarding plural ultrasound elements of
the probe 36 of the probe 12 used for the delay time calcula-
tion described above, sound speed in an inspection target
region of the subject, a focal position of the ultrasound beam,
and a transmission opening and a reception opening of the
probe 36, information regarding element data processing,
such as the number of sets of element data to be overlapped
and an overlapping processing method, and the like when
necessary.

[0077] The storage unit 34 stores various kinds of informa-
tion input through the operating unit 32, especially, the above
information regarding the probe 12, the sound speed, the focal
position, and the transmission opening and the reception
opening, information of the transmission phase for each
transmission opening, the information regarding element
data processing, such as the number of sets of element data to
be overlapped and an overlapping processing method, and the
like, or stores information required for the processing or
operation of each unit controlled by the control unit 30, such
as the transmission unit 14, the receiving unit 16, the element
data storage unit 20, the element data processing unit 22, the
image generation unit 24, and the display control unit 26, an
operation program and a processing program for executing
the processing or operation of each unit, and the like. It is
possible to use recording media, such as a hard disk, a flexible
disk, an MO, an MT, aRAM, a CD-ROM, and a DVD-ROM,
as the storage unit 34.

[0078] The element data processing unit 22, the phasing
addition section 38, the detection processing section 40, the
DSC 42, the image generation section 44, and the display
control unit 26 may be configured by a CPU and an operation
program causing the CPU to perform various kinds of pro-
cessing, or a hardware configuration, such as a digital circuit,
may be used therefor.

[0079] Here, the element data processing unit 22 will be
described in detail. FIG. 2 is a block diagram showing the
schematic configuration of an element data processing unit.
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[0080] Asshownin FIG. 2, the element data processing unit
22 includes a delay time calculation section 48 and an ovet-
lapping processing section 50.

[0081] The delay time calculation section 48 acquires in
advance the information regarding plural ultrasound ele-
ments of the probe 36 of the probe 12, the sound speed in the
inspection target region of the subject, the focal position of
the ultrasound beam, the transmission opening and the recep-
tion opening of the probe 36, and the like, which has been
input by operating the operating unit 32 or which is stored in
the storage unit 34 after being input by operating the operat-
ing unit 32. Then, the delay time calculation section 48 cal-
culates the delay time of element data received by each ultra-
sound element of the reception opening based on the
geometric arrangement of the ultrasound element (transmis-
sion element) of the transmission opening that forms and
transmits an ultrasound beam and the ultrasound element of
the reception opening that receives an ultrasound echo from
the subject by the ultrasound beam.

[0082] The overlapping processing section 50 reads two or
more sets of non-processed element data generated for each
of the two or more target regions, which are stored in the
element data storage unit 20, based on the information regard-
ing element data processing, such as the number of sets of
element data to be overlapped and an overlapping processing
method, which is input by operating the operating unit 32 or
which is stored in the storage unit 34 after being input by
operating the operating unit 32. Then, the overlapping pro-
cessing section 50 generates processed element data by over-
lapping the two or more sets of non-processed element data so
as to match the time on the receiving time and match the
absolute position of the element of the probe that has received
the ultrasound echo, based on the receiving time information
of each element and the delay time calculated by the delay
time calculation section 48.

[0083] Next, the element data processing performed by the
element data processing unit 22 will be described in detail.
[0084] First, in a case of acquiring element data by trans-
mitting an ultrasound beam (hereinafter, referred to as a trans-
mission beam) from an ultrasound element for transmission
(hereinafter, simply referred to as a transmission element) of
the probe 36 of the ultrasound probe 12 to a subject and
receiving an ultrasound echo generated by the interaction
with the subject using an ultrasound element for reception
(hereinafter, simply referred to as a receiving element) of the
probe 36, the relationship between the transmission beam
from the transmission element and the element data obtained
by the receiving element will be described.

[0085] As shown in FIG. 3, element data is acquired by
receiving ultrasound echoes using seven ultrasound elements
(hereinafter, simply referred to as elements) 52a to 52g and
seven ultrasound elements 525 to 52/ as receiving elements.
In the ideal case in which a transmission beam 56 to be
transmitted to an inspection target region including a reflec-
tion point 54 is ideally narrowed down to an element gap or
less, as shown in (1) of FIG. 3, the transmission beam 56 is
transmitted by using the element 524 at the center of the
elements 52a to 52g, which is located immediately above the
reflection point 54 in the inspection target region, as a trans-
mission element. When acquiring element data by receiving
the ultrasound echoes using the receiving elements 52a to
52g, afocus 58 of the transmission beam 56 is located on the
straight line connecting the element 524 and the reflection
point 54 to each other. Accordingly, the transmission beam 56
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is transmitted to the reflection point 54. As a result, an ultra-
sound echo reflected from the reflection point 54 is generated.
The ultrasound echo from the reflection point 54 is received
by the receiving elements 52a to 52g through a receiving path
60 extending at a predetermined angle, and element data 62
shown in (2) of FIG. 3 is obtained by the receiving elements
52a to 52¢g.

[0086] In contrast, as shown in (3) of FIG. 3, when the
center of the transmission elements is shifted in the direction
of the element (right direction in the diagram) by one element
with respect to the reflection point 54, the transmission beam
56 is transmitted by using the element 52¢ adjacent to the
element 524, which is located immediately above the reflec-
tion point 54, as a transmission element, and an ultrasound
echo is received by the receiving elements 52b to 524, the
reflection point 54 is not present on the straight line connect-
ing the transmission element 52e and the focus 58 to each
other in the transmission direction of the transmission beam
56. Accordingly, the transmission beam 56 is not transmitted
to the reflection point 54. For this reason, since an ultrasound
echo reflected from the reflection point 54 is not generated, no
ultrasound echo is received by the receiving elements 525 to
52h. Therefore, as shown in (4) of FIG. 3, no element data is
obtained.

[0087] However, as shown in FIG. 4, an actual transmission
beam 64 is wider than the element gap.

[0088] Here, as shown in (1) of FIG. 4, when transmitting
the transmission beam 64 by using the element 524 located
immediately above the reflection point 54 as a transmission
element, the focus 58 is located on the straight line connecting
the element 524 and the reflection point 54 to each other even
if the transmission beam 64 is wide, as in the case shown in (1)
of FIG. 3. Accordingly, the transmission beam 64 is reflected
at the reflection point 54, and the ultrasound echo is gener-
ated. As a result, as in the case shown in (1) of FIG. 3, the
ultrasound echo from the reflection point 54 is received by the
receiving elements 524 to 52g through a receiving path 60
extending at a predetermined angle, and true element data 66
shown in (2) of FIG. 4 is obtained by the receiving elements
52ato52g

[0089] On the other hand, as shown in (3) of FIG. 4, similar
to the case shown in (3) of FIG. 3, when the center of the
transmission elements is shifted in the direction of the ele-
ment (right direction in the diagram) by one element with
respect to the reflection point 54, the transmission beam 64 is
transmitted by using the element 52¢ adjacent to the element
52d, which is located immediately above the reflection point
54, as a transmission element, and an ultrasound echo is
received by the receiving elements 525 to 52k, and the trans-
mission beam 64 is wide. Accordingly, even if the reflection
point 54 is not present on the straight line connecting the
transmission element 52¢ and the focus 58 to each other in the
transmission direction, the transmission beam 64 is transmit-
ted to the reflection point 54. Therefore, from the reflection
point 54, an ultrasound echo that is not originally present, a
so-called ghost reflection signal is generated. The ghost
reflection signal from the reflection point 54 is received by the
receiving elements 525 to 52/ through the receiving path 60
extending at a predetermined angle, and element data 68 of a
ghost shown in (4) of FIG. 4 is obtained by the receiving
elements 525 to 52/

[0090] Such element data 68 of the ghost is the cause of
lowering the accuracy of the ultrasound image generated
from the element data.



US 2016/0139252 Al

[0091] Here, the sum (propagation distance) of a transmis-
sion path used when the transmission beam 64 reaches the
reflection point 54 through the focus 58 from the transmission
element 52e and a receiving path used when the ghost reflec-
tion signal reaches each of the receiving elements 525 to 524
from the reflection point 54, which is shown in (3) of FIG. 4,
is longer than the sum (propagation distance) of a transmis-
sion path used when the transmission beam 64 reaches the
reflection point 54 through the focus 58 from the transmission
element 52d and a receiving path used when the true reflected
ultrasound echo reaches each of the receiving elements 52a to
52g from the reflection point 54, which is shown in (1) of FIG.
4. Therefore, the element data 68 of the ghost shown in (4) of
FIG. 4 is delayed relative to the true element data 66 shown in
(2) of F1G. 4.

[0092] In the delay time calculation section 48 of the ele-
ment data processing unit 22 of the present embodiment, the
time difference between the true element data and the ghost
element data, that is, the delay time is calculated from the
geometric arrangement of the transmission element, the focus
of the ultrasound beam, the reflection point of the subject, and
the receiving element. Therefore, in order to calculate the
delay time, information including the shape (element gap,
linear, convex, and the like) of the ultrasound probe 12, the
sound speed in the inspection target region of the subject, a
focal position, a transmission opening, a reception opening,
and the like is required. The delay time calculation section 48
acquires such information, which is input through the oper-
ating unit 32 or is stored in the storage unit 34, and calculates
the delay time. For example, the delay time can be calculated
from the total length (propagation distance) of the transmis-
sion path of the transmission beam reaching the reflection
point through the focus from the transmission element and the
receiving path of the true reflected ultrasound echo or the
ghost reflection signal reaching the receiving element from
the reflection point, which is calculated from the geometric
arrangement of the transmission element, the focus of the
ultrasound beam, the reflection point of the subject, and the
receiving element, and the difference in the propagation time
calculated by the sound speed.

[0093] In the present embodiment, for example, as shown
in FIG. 5A, it is possible to calculate the lengths of the
transmission path and the receiving path of the transmission
beam in the case of the true reflected ultrasound echo and the
case of the ghost reflection signal.

[0094] In the case of the true reflected ultrasound echo, as
shown in (1) of FIG. 5A, the transmission element 524 and the
receiving element 52d (center of the receiving elements 52a
to 52¢g) match each other, and the focus 58 and the reflection
point 54 are disposed immediately below the transmission
element 524 and the receiving element 52d. The position of
the element 524 immediately above the reflection point 54 is
set to coordinates (x0, 0) on the xy two-dimensional coordi-
nate system, the element gap is set to Le, the position of the
focus 58 is set to (x0, df), and the position of the reflection
point 54 is set to coordinates (x0, z). The position of the
transmission element 524 is coordinates (x0, 0), similar to the
element 524 immediately above the reflection point 54. The
length (transmission path length) Lta of the transmission path
61 of the transmission beam reaching the reflection point 54
through the focus 58 from the transmission element 524 and
the length (receiving path length) Lra of the receiving path 60
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of the true reflected ultrasound echo reaching the receiving
element 524 from the reflection point 54 can be calculated
from Lta=Lra=z.

[0095] Therefore, the propagation distance Lua of the ultra-
sound wave in the case of the true reflected ultrasound echo is
Lua=Lta+Lra=2z.

[0096] Inthe case ofthe ghost reflection signal, as shown in
(2) of FIG. 5A, compared with the case shown in (1) of FIG.
5A, the position of the transmission element 52¢ is shifted
horizontally (x direction: right direction in the diagram) by
one element with respect to the reflection point 54. The focus
58 is disposed immediately below the transmission element
52e, but the reflection point 54 is disposed immediately below
the receiving element 52d. Assuming that the position of the
receiving element 524 immediately above the reflection point
54 is the coordinates (x0, 0) on the xy two-dimensional coor-
dinate system similar to the case shown in (1) of FIG. 5A, the
element gap is Le, and the position of the reflection point 54
is the coordinates (x0, z), the position of the transmission
element 52¢ is coordinates (x0+Le, 0), and the position of the
focus 58 is coordinates (x0+Le, df). Therefore, the length
(transmission path length) Ltb of the transmission path 61 of
the transmission beam reaching the reflection point 54
through the focus 58 from the transmission element 52¢ can
be calculated from Ltb=df+V{(z-df)*+Le*}. The length (re-
ceiving path length) Lrb of the receiving path 60 of the ghost
reflection signal reaching the receiving element 524 from the
reflection point 54 can be calculated from Lrb=z.

[0097] Therefore, the propagation distance Lub of the
ultrasound wave in the case of the ghost reflection signal is
Lub=Lib+Lrb=df+v{(z-df)*+Le*} +z.

[0098] Thus, a value obtained by dividing the propagation
distance Lua of the ultrasound wave, which is a sum of the
distance [ta of the transmission path 61 and the distance Lra
of the receiving path 60 that are determined by the geometri-
cal arrangement shown in (1) of FIG. 5A, by the sound speed
is the propagation time of the true reflected ultrasound echo.
A value obtained by dividing the propagation distance Lub of
the ultrasound wave, which is a sum of the distance Ltb of the
transmission path 61 and the distance Lrb of the receiving
path 60 that are determined by the geometrical arrangement
shown in (2) of FIG. 5A, by the sound speed is the propaga-
tion time of the ghost reflection signal. The delay time is
calculated from the difference between the propagation time
of the true ultrasound echo when the x coordinate of the
reflection point 54 and the x coordinate of the transmission
element 52 (52d) are the same and the propagation time of the
ghost reflection signal when the x coordinate of the reflection
point 54 and the x coordinate of the transmission element 52
(52d) are shifted from each other by one element gap.

[0099] Although the geometrical model shown in FIG. 5A
is a model in which the transmission path 61 extends through
the focus 58, the present disclosure is not limited thereto. For
example, a path that directly reaches the reflection point 54
without extending through the focus 58 may also be used.

[0100] In addition, the geometrical model shown in FIG.
5A shows the case of a linear probe. However, the present
disclosure is not limited thereto, and it is possible to perform
the same geometrical calculation from the shape of a probe
even in other probes. For example, in the case of a convex
probe, it is possible to perform the calculation in the same
manner by setting the geometrical model from the radius of
the probe and the angle of the element gap.
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[0101] In the case of steering transmission, the delay time
of the element data of the true ultrasound echo and the ghost
element data therearound can be calculated from the posi-
tional relationship between the transmission element and the
reflection point using the geometrical model (not shown)
considering information, such as a transmission angle.
[0102] In addition, the present disclosure is not limited to
the method of calculating the delay time using a geometrical
model. The delay time for each set of measurement condi-
tions may be calculated from the measurement result
obtained by measuring the high-brightness reflection point in
advance according to the measurement conditions of an appa-
ratus, and the delay time may be stored in the apparatus, so
that the delay time of the same measurement conditions is
read.

[0103] (3) of FIG. 5B shows the element data 66 of a true
signal at the center and the element data 68 of a ghost around
the true signal. (4) of FIG. 5B shows an example of the delay
time of the element data 68 of the ghost with respect to the
element data 66 obtained from the geometrical calculation
described above. (4) of FIG. 5B shows that the time of the
element data 68 of the ghost signal is delayed symmetrically
with respect to the element data 66 of the true signal at the
center.

[0104] In addition, the delay time calculated as described
above by the delay time calculation section 48 of the element
data processing unit 22 can also be used for the delay correc-
tion in the phasing addition section 38.

[0105] Then, the overlapping processing section 50 of the
element data processing unit 22 of the present embodiment
performs overlapping processing of the element data of the
true ultrasound echo and the element data of a ghost there-
around using the delay time calculated by the delay time
calculation section 48.

[0106] In the overlapping processing of the overlapping
processing section 50, information regarding the number of
sets of element data to be overlapped and an overlapping
processing method when overlapping the element data is
required. Such information may be input in advance through
the operating unit 32, or may be stored in the storage unit 34.
[0107] FIG. 6 shows an example of overlapping processing
that is performed by the overlapping processing section 50
when the number of sets of element data is 5 and the number
of sets of element data to be overlapped is 3.

[0108] (1) of FIG. 6 shows five sets of element data side by
side, and shows a state in which an ultrasound beam is trans-
mitted and the reflection signal is received for each piece of
element data. The horizontal axis of the element data indi-
cates a receiving element. The element data is displayed such
that the central element at the time of transmission of the
ultrasound beam is the center of the horizontal axis of the
element data. The vertical axis indicates a receiving time.
[0109] Inthemiddle element dataofthe five sets of element
data, the reflection point is present immediately below the
central element of the element data (central element of the
receiving elements), that is, the central element (transmission
element) at the time of transmission. Accordingly, a reflection
signal from the reflection point is received. That is, this reflec-
tion signal is a true signal, and the middle element data
indicates a true signal.

[0110] Inthe two sets of element data on each of both sides
other than the middle element data, no reflection point is
present immediately below the central element at the time of
transmission. However, a reflection signal generated when
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the ultrasound beam strikes the reflection point, which is
present immediately below the transmission element of the
middle element data, due to the spread of the transmitted
ultrasound beam, that is, a ghost is reflected. Since the time
for propagation of the ultrasound wave to the reflection point
increases as a distance from the true signal increases, the
receiving time of a ghost is delayed from that of the true
signal. In addition, the position of the receiving element
where the reflection signal from the reflection point is
received first is an element immediately above the reflection
point, but the center of the horizontal axis of the element data
is the central element at the time of transmission of the ultra-
sound beam. Therefore, since each piece of the element data
is transmitted by shifting the central element by one element,
the absolute position of the element in each piece of the
element data is shifted by one element. That is, in the middle
element data, the receiving element where the reflection sig-
nal from the reflection point is received first is an element in
the middle. However, in the neighboring element data on both
sides, the receiving element where the reflection signal from
the reflection point is received first is shifted by one element
from the middle element data. Therefore, the receiving ele-
ment where the reflection signal from the reflection point is
received first is shifted by one element to the left in the
right-hand element data, and is shifted by one element to the
right in the left-hand element data. Furthermore, in the ele-
ment data on both ends, the receiving element where the
reflection signal from the reflection point is received first is
shifted by two elements from the middle element data. There-
fore, the receiving element where the reflection signal from
the reflection point is received first is shifted by two elements
to the left in the element data on the right end, and is shifted
by two elements to the right in the element data on theleft end.
Thus, not only is the receiving time of the ghost signal
delayed from the receiving time of the true signal, but also the
ghost signal differs depending on the direction of the receiv-
ing element.

[0111] (2) of FIG. 6 shows an example of the delay time of
the receiving time of the five sets of element data shown in (1)
of FIG. 6 with respect to the middle element data.

[0112] In the overlapping processing section 50, using the
delay time shown in (2) of FIG. 6, assuming that the middle
element data is a noted element, delay time correction is
performed by the number of overlapping elements (in the
shown example, by three elements) with the noted element at
the center, and horizontal shifting is performed by the number
of the noted element (in the shown example, by one element
on both sides), that is, phase matching is performed. thereby
overlapping non-processed element data corresponding to
three elements. This data is calculated as one piece of over-
lapping-processed element data of the noted element.

[0113] The overlapping-processed element data of the
noted element obtained as described above is shown in (3) of
FIG. 6.

[0114] The element data of the noted element shown in (1)
of FIG. 6 is element data of a true signal. Accordingly, if phase
matching is performed by performing delay time correction
and horizontal shift for non-processed element data of adja-
cent elements on both sides of the noted element, phase
matching between the non-processed element data of the
adjacent elements and the non-processed element data of the
noted element is realized as shown in (3) of FIG. 6. As a result,
the non-processed element data of the adjacent elements and
the non-processed element data of the noted element overlap
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each other at a high-brightness position. Therefore, an ele-
ment data value obtained, for example, by adding up these
sets of element data indicates a large value (high-brightness
value). For example, even if these sets of element data are
averaged to calculate an average value, the element data value
indicates an emphasized value (high-brightness value).
[0115] Incontrast, (4) of FIG. 6 shows an example with the
same element data as in (1) of FIG. 6 but with element data
adjacent on the left to the middle element data, that is, a ghost
being set as a noted element.

[0116] (5) of FIG. 6 is the same as (2) of FIG. 6, and shows
an example of the delay time of the receiving time of the five
sets of element data shown in (1) of FIG. 6 with respect to the
middle element data. That is, since (1) to (4) of FIG. 6 are the
same element data, the delay time of the receiving time of the
five sets of element data shownin (4) of FIG. 6 with respect to
the middle element data is also the same.

[0117] In the overlapping processing section 50, using the
delay time shown in (5) of FIG. 6 (the same as (2) of FIG. 6),
delay time correction is performed by the number of overlap-
ping elements (in the shown example, by three elements) with
the noted element at the center, and horizontal shifting is
performed by the number of elements of the noted element (in
the shown example, by one element on both sides), thereby
overlapping non-processed element data corresponding to
three elements. This data is calculated as one piece of over-
lapping-processed element data of the noted element.

[0118] The overlapping-processed element data of the
noted element obtained as described above is shown in (6) of
FIG. 6.

[0119] The element data of the noted element shown in (4)
of FIG. 6 is element data of a ghost. Accordingly, even if
phase matching is performed by performing delay time cor-
rection and horizontal shift fornon-processed element data of
adjacent elements on both sides of the noted element, phase
matching between the non-processed element data of the
adjacent elements and the non-processed element data of the
noted element is not realized as shown in (6) of FIG. 6. As a
result, the non-processed element data of the adjacent ele-
ments and the non-processed element data of the noted ele-
ment do not overlap each other. For this reason, for example,
even if the three sets of element data are added up, signals
having inverted phases or the like are negated since the phases
do not match each other. Accordingly, the sum value is not
increased. In addition, for example, when the three sets of
element data are averaged to calculate an average value, the
average value indicates a small value.

[0120] Also for the other element data, as a noted element,
the same delay time correction and horizontal shift are per-
formed. (7) of FIG. 6 shows five overlapping states of three
sets of element data adjacent to each other shown in the
diagram. (8) of FIG. 6 shows a result of, for example, addition
processing or averaging processing as overlapping process-
ing that has been performed for these sets of element data.
[0121] As shown in (8) of FIG. 6, in a noted element when
the coordinates of the transmission element and the reflection
point shown in (1) of FIG. 6 are the same, element data of the
true signal is obtained as overlapping-processed element data
having ahigh-brightness value. On the other hand, in a total of
four elements including two elements on each of both sides of
the noted element, sets of element data of a ghost negate each
other since element data having phases that do not match each
other is added up or averaged. For this reason, the value of the
overlapping-processed element data of the ghost becomes
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smaller than the overlapping-processed element data having a
high-brightness value that is the element data of the true
signal. Tt is possible to reduce the influence of the element
data of a ghost on the element data of the true signal, or the
influence of the element data of a ghost on the element data of
the true signal can be made small enough to be negligible.
[0122] As the overlapping processing method in the over-
lapping processing section 50, not only the simple addition
but also an average value or a median may be used. Alterna-
tively, addition may be performed after the multiplication of
a coefficient. Using the average value or the median can be
considered to be equivalent to applying an averaging filter or
amedian filter in the element data level. However, instead of
the averaging filter or the median filter, an inverse filter or the
like used in the normal image processing may also be applied.
Alternatively, element data to be overlapped may be com-
pared, and the maximum value may be taken when the ele-
ment data to be overlapped is similar, the average value may
be taken when the element data to be overlapped is not simi-
lar, and the intermediate value may be taken when there is a
bias in the distribution. In addition, without being limited to
this, overlapping processing may be changed based on the
feature amount of element data to be overlapped.

[0123] Itisdesirable that the number of sets of element data
to be overlapped matches the spread of the beam width of the
ultrasound beam. Therefore, when the beam width changes
with depth, the number of sets of element data to be over-
lapped may also be changed according to the depth. In addi-
tion, since the beam width depends on the number of trans-
mission openings, the number of sets of element data to be
overlapped may also be changed according to the number of
transmission openings. Alternatively, the number of sets of
element data to be overlapped may be changed based on the
feature amount, such as a brightness value of an image. In
addition, the optimal number of sets of element data to be
overlapped may be selected from images generated by chang-
ing the number of sets of element data to be overlapped in
plural patterns.

[0124] As a result of overlapping, as described above, sig-
nals are in phase in the element data of the true signal, but
signals are out of phase in the element data of a ghost. There-
fore, in the element data of the ghost, as a result of overlap-
ping processing, such as addition, signals having various
phases negate each other, and this weakens the signal. Even-
tually, the true signal has an effective value, for example,
remains as high-brightness element data, and the ghost signal
has an attenuated value, for example, can be obtained as
low-brightness element data.

[0125] Incidentally, in the overlapping processing
described above, transmission focusing is performed by
adjusting the delay time of each ultrasound element so that
ultrasound beams transmitted from a set of ultrasound ele-
ments, which are a predetermined number of ultrasound ele-
ments, form one ultrasound beam. In addition, it is assumed
that spherical waves converge and diverge by regarding the
focus 58 formed by transmission focusing as a single sound
source. However, since side lobes are secondarily formed by
the transmission focusing, reflection of the side lobes is
included in the reception signal. Accordingly, a ghost signal
cannot be sufficiently reduced, and this becomes a cause of
image quality degradation.

[0126] Therefore, in order to suppress the influence of the
side lobes described above, in the present embodiment, when
the overlapping processing section 50 generates processed
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element data by overlapping two or more sets of non-pro-
cessed element data so as to match the time on the receiving
time and match the absolute position of the element of the
probe that has received the ultrasound echo, a phase for each
transmission opening when transmitting the transmission
beam is controlled so that non-processed element data having
inverted phases of the respective reception signals due to a
pair of openings set in advance overlap each other.

[0127] Specifically, according to the phase inversion
method (KIURA Nobuyuki, “Harmonic Imaging”, Japanese
Society of Radiological Technology Magazine, P 350-356),
in reception waves of two transmission waves having inverted
phases, fundamental wave components become waveforms
having inverted phases, and secondary harmonic components
become waveforms having the same phase. For this reason,
by adding up the fundamental wave components and the
secondary harmonic components of the two reception waves,
only the secondary harmonic components are extracted.
Therefore, in the present embodiment, a transmission phase
for each transmission opening is determined in advance so as
to extract the secondary harmonic components by adding up
the reception waves of two transmission waves having
inverted phases and the result is stored in the storage unit 34,
and the control unit 30 controls the transmission unit 14 based
on the transmission phase for each transmission opening
stored in the storage unit 34.

[0128] For example, as shown in FIG. 7A, when the trans-
mission opening is formed of five ultrasound elements, an
ultrasound beam is transmitted while shifting the transmis-
sion opening by one element at a time and shifting the trans-
mission focusing line by one line at a time as indicated by
transmission openings 1 to 8 in FIG. 7A. In this case, as
shown in FIG. 7B, the number of transmission openings each
of which is formed of five ultrasound elements is set to an
even number (in FIG. 7B, eight). In addition, the transmission
and reception of ultrasound beams are performed through a
pair of positive and negative transmission openings having
inverted phases, and a pair of transmission openings are deter-
mined in advance so as to form a pair of positive and negative
transmission openings having phases that are inverted at a
transmission opening where the sound pressure from the
noted point is the same, thereby transmitting an ultrasound
beam. More specifically, as shown in FIG. 8A, transmission
and reception of ultrasound beams are performed correspond-
ing to scanning lines 1 to 8 while shifting the transmission
opening by one element. In this case, as shown in FIG. 8A,
openings located symmetrically with respect to the scanning
line are assumed to be an opening of the positive phase and an
opening of the negative phase, and the phases of the adjacent
transmission openings are assumed to be positive and nega-
tive alternately. Then, by performing overlapping processing
using six sets of element data corresponding to the scanning
lines 1 to 8 that have been acquired as described above,
element data corresponding to each scanning line after the
overlapping processing is generated. For example, element
data corresponding to a scanning line 3", a scanning line 4",
and a scanning line 5" is generated by the overlapping pro-
cessing as shown in FIG. 8B. Therefore, since the phases of
the openings located symmetrically with respect to the scan-
ning line are positive and negative, harmonic components are
added up after being extracted by the overlapping processing.
[0129] That is, as shown in FIG. 9, in a pair of positive and
negative openings having inverted phases where the sound
pressure from the noted point is the same, element data
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obtained by reception at the openings is positively and nega-
tively phase-inverted element data. Accordingly, by adding
up the element data for each delay time (80 to 62), only the
secondary harmonic components are extracted. Therefore,
the influence of side lobes is suppressed by performing the
overlapping processing using only the secondary harmonic
components.

[0130] Subsequently, the operation and effect of the ultra-
sound diagnostic device of the present disclosure and a
method of generating an ultrasound image will be described.

[0131] FIG. 101s a block diagram showing the main part of
the ultrasound diagnostic device according to the present
embodiment shown in FIG. 1 along the process flow.

[0132] As shown in FIG. 1, when the operator brings the
ultrasound probe 12 into contact with the surface of the sub-
ject to start measurement, an ultrasound beam is transmitted
from the probe 36 according to the driving signal supplied
from the transmission unit 14 as shown in FIG. 10. In this
case, the control unit 30 controls the transmission unit 14
based on the transmission phase for each transmission open-
ing stored in advance in the storage unit 34, so that positive
and negative ultrasound beams are transmitted by inverting
the phases in a pair of transmission openings where the sound
pressure from the noted point is the same.

[0133] The ultrasound echo generated by the interaction
between the transmitted ultrasound beam and the subject is
received by the probe 36, and an analog element signal is
output as a reception signal.

[0134] The receiving unit 16 amplifies the analog element
signal and supplies the amplified analog element signal to the
A/D conversion unit 18, and the A/D conversion unit 18
converts the analog element signal into digital element data
and supplies the digital element data to the element data
storage unit 20 in order to store the digital element data.

[0135] In the element data processing unit 22, the delay
time calculation section 48 (FIG. 2) calculates the delay time
(for example, the same in both (2) and (5) of FIG. 6) of the
non-processed element data of the surrounding ghost signal
with respect to the non-processed element data of the true
signal from the geometric arrangement of the transmission
element, the focus, the reflection point, and the receiving
element, the sound speed in the inspection target region of the
subject that is input and set in advance, and the like (for
example, calculated using the geometrical model in FIGS. 5A
and 5B).

[0136] Then, the element data processing unit 22 reads
non-processed element data from the element data storage
unit 20, and sets element data to be processed for a noted
element, and the overlapping processing section 50 (FIG. 2)
calculates processed element data by overlapping the noted
element and non-processed element data around the noted
element with each other by phase matching using the delay
time calculated by the delay time calculation section 48.
Accordingly, emphasized processed element data is obtained
in the case of non-processed element data including a true
signal, and attenuated processed element data is obtained in
the case of non-processed element data of a ghost. In addition,
an ultrasound beam is transmitted by inverting the phases of
a pair of transmission openings where the sound pressure
from the noted point is the same, and the overlapping pro-
cessing section 50 performs overlapping processing. Then,
processed element data is obtained in which only the second-
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ary harmonic components have been extracted by adding up
the element data received in a pair of openings having
inverted phases.

[0137] The element data processing unit 22 supplies the
processed element data obtained as described above to the
phasing addition section 38 of the image generation unit 24.
[0138] The phasing addition section 38 of the image gen-
eration unit 24 generates reception data (acoustic ray signal)
by performing reception focusing processing on the element
data, and supplies the generated reception data to the detec-
tion processing section 40. The detection processing section
40 generates a B-mode image signal by processing the acous-
tic ray signal. The B-mode image signal is subjected to raster
conversion by the DSC 42 and to image processing by the
image generation section 44, thereby generating an ultra-
sound image. The generated ultrasound image is stored in the
image memory 46, and the ultrasound image is displayed on
the display unit 28 by the display control unit 26.

[0139] Thus, in the ultrasound diagnostic device 10 accord-
ing to the embodiment of the present disclosure, the element
data processing unit 22 generates an ultrasound image using
the processed element data in which a ghost signal is weak-
ened and the true signal is emphasized. Accordingly, it is
possible to obtain an ultrasound image having improved azi-
muth resolution and contrast resolution.

[0140] In addition, since only the secondary harmonic
components are extracted and processed by performing the
overlapping processing by controlling the transmission unit
14 to transmit ultrasound beams having inverted phases in a
pair of transmission openings where the sound pressure from
the noted point is the same, it is possible to suppress the
influence of side lobes.

[0141] Inaconventional phase inversion method of extract-
ing and imaging secondary harmonic components, the time
resolution is reduced since the number of frames for imaging
is halved by two transmissions. In the present embodiment,
however, since the element data based on a transmission wave
having a positive phase and the element data based on a
transmission wave having a negative phase are made to over-
lap each other in the overlapping processing, the frame rate is
not reduced. In addition, since completely the same process-
ing as normal overlapping processing is performed, it is pos-
sible to realize overlapping processing using secondary har-
monic components.

[0142] Incidentally, in the above embodiment, a case in
which the number of transmission openings is even has been
described as an example. However, the number of transmis-
sion openings may be odd. When the number of transmission
openings is even, it is possible to adjust the sound pressure
from the noted point by setting the transmission openings,
which are located symmetrically with respect to the scanning
line, as an opening of a positive phase and an opening of a
negative phase. However, when the number of transmission
openings is an odd number, the sound pressure from the noted
point varies. In this case, therefore, as shown in FIG. 11,
coefficients (00 to a.2) are determined in advance so as to
make the sound pressure from the noted point uniform based
on the profile of the ultrasound beam, and overlapping pro-
cessing is performed using the determined coefficients. As a
result, as in the embodiment described above, it is possible to
suppress the influence of side lobes by extracting only the
secondary harmonic components.

[0143] In the embodiment described above, reception data
(acoustic ray signal) is generated by generating processed
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element data by performing overlapping processing on non-
processed element data and then performing phasing addition
(receiving focus) on the processed element data. However,
processed reception data (acoustic ray signal) may be gener-
ated by generating non-processed reception data (acoustic ray
signal) by performing phasing addition (receiving focus) on
non-processed element data and then performing overlapping
processing on the non-processed element data. Even if the
order of processing is changed in this manner, it is possible to
obtain completely the same reception data (acoustic ray sig-
nal) as in the embodiment described above.

[0144] In the ultrasound diagnostic device 10 according to
the embodiment of the present disclosure, the sound speed in
the inspection target region of the subject, which is required
when the delay time calculation section 48 ofthe element data
processing unit 22 calculates a delay time and when calculat-
ing the delay time used in the phasing addition section 38, is
given. However, the present disclosure is not limited to this.
When the sound speed in the inspection target is not known,
an optimal sound speed may be calculated and set using
various kinds of known method.

[0145] In addition, the processes performed by the respec-
tive units in the embodiment described above may be distrib-
uted as a program by being stored in various storage media.
[0146] In addition, the configuration, operation, and the
like of the ultrasound diagnostic device 10 described in the
present embodiment are exaniples, and it is needless to say
that these can be changed according to the circumstances
within the scope not deviating from the spirit of the present
disclosure.

[0147] All documents, patent applications, and technical
standards described in this specification are incorporated in
this specification by reference to the same extent as when the
incorporation of individual documents, patent applications,
and technical standards by reference is described specifically
and individually.

What is claimed is:

1. An ultrasound diagnostic device, comprising:

a probe including a plurality of elements for generating
ultrasound waves and receiving ultrasound waves
reflected from an inspection target;

a transmission unit that transmits ultrasound waves from
the plurality of elements such that an ultrasound beam is
transmitted to the inspection target by determining a
group of a predetermined number of elements of the
probe as openings, determining in advance an opening
of a positive phase and an opening of a negative phase
corresponding to the opening of the positive phase and
inverting phases thereof;

a receiving unit that receives an ultrasound echo signal
generated by interaction between the ultrasound beam
and the inspection target, through the plurality of ele-
ments of the probe;

an element data storage unit that stores two or more sets of
element data including receiving time information in
each element, the two or more sets of element data being
generated by transmitting the ultrasound beam from
openings having different phases and having different
elements at centers, in each of at least two or more
overlapping target regions in the inspection target using
the transmission unit, and receiving the ultrasound echo
signal generated for each of the at least two or more
overlapping target regions in the inspection target by the
ultrasound beam, using the receiving unit; and
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a generation unit that generates an acoustic ray signal in
one scanning line by overlapping the element data stored
in the element data storage unit.

2. The ultrasound diagnostic device according to claim 1,

wherein the transmission unit transmits ultrasound waves
from the plurality of elements by determining the num-
ber of the openings as an even number, determining in
advance openings that are located symmetrically with
respect to the scanning line as the opening of the positive
phase and the opening of the negative phase, inverting
the phases thereof and transmitting the ultrasound beam
from each of the openings.

3. The ultrasound diagnostic device according to claim 1,

wherein the transmission unit transmits ultrasound waves
from the plurality of elements by determining the num-
ber of the openings as an odd number, inverting the
phases thereof and transmitting the ultrasound beam
from each of the opening of the positive phase and the
opening of the negative phase, and

the generation unit generates the acoustic ray signal by
overlapping the element data stored in the element data
storage unit based on the receiving time information and
a coefficient that is set in advance for each opening such
that sound pressure from a noted point is the same.

4. The ultrasound diagnostic device according to claim 1,
wherein the generation unit includes:

a delay time calculation section that calculates a delay
time of the two or more sets of the element data; and

an overlapping processing section that overlaps two or
more sets of non-processed element data so that times
thereof match on a receiving time and absolute posi-
tions of the elements of the probe that have received
the ultrasound echo signal match, based on the delay
time calculated by the delay time calculation section,
the receiving time information, and positions of the
elements of the probe that has received the ultrasound
echo signal.

5. The ultrasound diagnostic device according to claim 1,

wherein the transmission unit transmits ultrasound waves
from the plurality of elements such that the opening of
the positive phase and the opening of the negative phase
adjacent to each other alternately transmit ultrasound
beams.

6. An acoustic ray signal generation method of an ultra-
sound diagnostic device including a transmission unit that
transmits ultrasound waves from a plurality of elements of a
probe for generating ultrasound waves and receiving ultra-
sound waves reflected from the inspection target, such that the
ultrasound beam is transmitted to an inspection target by
determining a group of a predetermined number of the ele-
ments of the probe as openings, determining in advance an
opening of a positive phase and an opening of a negative
phase corresponding to the opening of the positive phase and
inverting phases thereof, a receiving unit that receives an
ultrasound echo signal generated by interaction between the
ultrasound beam and the inspection target, through the plu-
rality of elements of the probe, and in an element data storage
unit, the method comprising:

transmitting, by the transmission unit, an ultrasound beam

from openings having different phases and having dif-
ferent elements at centers, in each of at least two or more
overlapping target regions in the inspection target;
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receiving, by the receiving unit, an ultrasound echo signal
generated for each of the at least two or more overlap-
ping target regions in the inspection target;
storing two or more sets of element data generated by
receiving the ultrasound echo signal in the element data
storage unit, the two or more set of element data includ-
ing receiving time information in each element; and

generating an acoustic ray signal in one scanning line by
overlapping the element data stored in the element data
storage unit.

7. The acoustic ray signal generation method according to
claim 6,

wherein the transmission of the ultrasound beam by the

transmission unit further includes transmitting ultra-
sound waves from the plurality of elements by determin-
ing the number of the openings as an even number,
determining in advance openings that are located sym-
metrically with respect to the scanning line as the open-
ing of the positive phase and the opening of the negative
phase, inverting the phases thereof and transmitting the
ultrasound beam from each of the openings.

8. The acoustic ray signal generation method according to
claim 6,

wherein the transmission of the ultrasound beam by the

transmission unit further includes transmitting ultra-
sound waves from the plurality of elements by inverting
phases of the opening of the positive phase and the
opening of the negative phase in the transmission unit
having an odd number of the openings, and

the generation of the acoustic ray signal further includes

generating the acoustic ray signal by overlapping the
element data stored in the element data storage unit
based on the receiving time information and a coefficient
that is set in advance for each opening such that sound
pressure from a noted point is the same.

9. The acoustic ray signal generation method according to
claim 6,

wherein the generation of the acoustic ray signal further

includes:

calculating a delay time of the two or more sets of element

data; and

overlapping two or more sets of non-processed element

data so that times thereof match on a receiving time and
absolute positions of the elements of the probe that have
received the ultrasound echo signal match, based on the
calculated delay time, the receiving time information,
and positions of the elements of the probe that have
received the ultrasound echo signal.

10. The acoustic ray signal generation method according to
claim 6,

wherein the transmission of the ultrasound beam further

includes transmitting ultrasound waves from the plural-
ity of elements such that the opening of the positive
phase and the opening of the negative phase adjacent to
each other alternately transmit ultrasound beams.

11. A non-transitory storage medium that stores a program
causing a computer to execute an acoustic ray signal genera-
tion processing of an ultrasound diagnostic device including
a transmission unit that transmits ultrasound waves from a
plurality of elements of a probe for generating ultrasound
waves and receiving ultrasound waves reflected from the
inspection target, such that the ultrasound beam is transmitted
to an inspection target by determining a group of a predeter-
mined number of the elements of the probe as openings,
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determining in advance an opening of a positive phase and an
opening of a negative phase corresponding to the opening of
the positive phase and inverting phases thereof, a receiving
unit that receives an ultrasound echo signal generated by
interaction between the ultrasound beam and the inspection
target, through the plurality of elements of the probe, and in
an element data storage unit,
the processing comprising:
transmitting, by the transmission unit, an ultrasound beam
from openings having different phases and having dif-
ferent elements at centers, in each of at least two or more
overlapping target regions in the inspection target;
receiving, by the receiving unit, an ultrasound echo signal
is generated for each of the at least two or more overlap-
ping target regions in the inspection target;
storing two or more sets of element data generated by
receiving the ultrasound echo signal in the element data
storage unit, the two or more sets of element data includ-
ing receiving time information in each element; and
generating an acoustic ray signal in one scanning line by
overlapping the element data stored in the element data
storage unit.
12. The non-transitory storage medium according to claim
11,
wherein the transmission of the ultrasound beam by the
transmission unit further includes transmitting ultra-
sound waves from the plurality of elements by determin-
ing the number of the openings as an even number,
determining in advance openings that are located sym-
metrically with respect to the scanning line as the open-
ing of the positive phase and the opening of the negative
phase, inverting phases thereof and transmitting the
ultrasound beam from each of the openings.
13. The non-transitory storage medium according to claim
11,
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wherein the transmission of the ultrasound beam by the
transmission unit further includes transmitting ultra-
sound waves from the plurality of elements by inverting
phases of the opening of the positive phase and the
opening of the negative phase of the transmission unit
having an odd number of the openings, and

the generation of the acoustic ray signal further includes
generating the acoustic ray signal by overlapping the
element data stored in the element data storage unit
based on the receiving time information and a coefficient
that is set in advance for each opening such that sound
pressure from a noted point is the same.

14. The non-transitory storage medium according to claim
11,
wherein the generation of the acoustic ray signal further
includes:

calculating a delay time of the two or more sets of element
data; and

overlapping two or more sets of non-processed element
data so that times thereof match on a receiving time and
absolute positions of the elements of the probe that have
received the ultrasound echo signal match, based on the
calculated delay time, the receiving time information,
and positions of the elements of the probe that have
received the ultrasound echo signal.

15. The non-transitory storage medium according to claim
11,
wherein the transmission of the ultrasound beam further
includes transmitting ultrasound waves from the plural-
ity of elements such that the opening of the positive
phase and the opening of the negative phase adjacent to
each other alternately transmit ultrasound beams.
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