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(7) ABSTRACT

An ultrasound diagnostic device includes: a probe including
plural elements that generate and transmit ultrasound waves
and receive ultrasound waves reflected from an inspection
target; a transmission unit that transmits ultrasound waves
from the plural elements so as to transmit an ultrasound beam
by forming a transmission focus in a first direction set in
advance; and a second reception focusing unit that performs
reception focusing for each reception signal received by each
element of the probe according to reflection on a path in a
second direction other than the first direction, among trans-
mission wave paths of the ultrasound beam transmitted into
the inspection target by the transmission unit.
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ULTRASOUND DIAGNOSTIC DEVICE,
ULTRASOUND DIAGNOSTIC METHOD, AND
ULTRASOUND DIAGNOSTIC PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP 2014/061198, filed on
Apr. 21, 2014, the disclosure of which is incorporated herein
by reference in its entirety. Further, this application claims
priority from Japanese Patent Application No. 2013-157656,
filed on Jul. 30, 2013, the disclosure of which is incorporated
by reference herein in its entirety.

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

nostic device, an ultrasound diagnostic method, and a storage
medium storing an ultrasound diagnostic program.

[0004] 2. Related Art

[0005] When visualizing a needle by the transmission and
reception of ultrasound waves, if the angle of the needle
becomes an acute angle, the reflection deviates from the
reception opening, as shown in FIG. 18A. In this case, itisnot
possible to receive the reflected wave from the needle. There-
fore, as shown in FIG. 18B, a method of receiving the
reflected wave from the needle by transmitting a transmission
beam obliquely so that the transmission beam is perpendicu-
lar to the needle is known.

[0006] However, an image generated by tilting the trans-
mission beam is not suitable to see the tissue since the image
quality is degraded due to the influence of side lobes or the
like.

[0007] Therefore, JP 2012-213606A proposes that a first
ultrasound image is generated by performing ultrasound
transmission in a first direction, a second ultrasound image
group is generated by transmitting ultrasound waves in a
plurality of directions for the purpose of needle imaging, a
needle image in which the needle is visualized is generated by
analyzing the first image and the second image group or the
brightness distribution of the second image group, and the
first image and the needle image are combined.

[0008] As a method of visualizing the needle image, in
addition to the method disclosed in JP 2012-213606A, a
technique disclosed in JP 2010-51379A and the like have also
been proposed.

[0009] JP 2010-51379A proposes that an ultrasound beam
having an intensity distribution around a first direction is
transmitted from ultrasound transducers of a first group and
an ultrasound image in a second direction different from the
first direction is generated based on reception signals
obtained by the reception of ultrasound echo signals of ultra-
sound transducers of a second group.

[0010] In the technique disclosed in JP 2012-213606A,
however, one tissue imaging and multiple needle imagings
are required. For this reason, the frame rate is reduced.
[0011] In addition, in the technique disclosed in JP 2010-
51379A, a plane wave for which transmission focusing is not
required is used. Accordingly, depending on the angle of the
needle, reflected waves cannot be obtained at all. As a result,
the needle may not be able to be visualized.

[0012] The present disclosure has been made in view of the
above situation, and provides an ultrasound diagnostic
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device, an ultrasound diagnostic method, and a non-transitory
storage medium storing an ultrasound diagnostic program
capable of visualizing a reflector, such as a needle, other than
the tissue without lowering the frame rate.

SUMMARY

[0013] A first aspect of the present disclosure is an ultra-
sound diagnostic device including: a probe including plural
elements that generate and transmit ultrasound waves and
receive ultrasound waves reflected from an inspection target;
a transmission unit that transmits ultrasound waves from the
plurality of elements so as to transmit an ultrasound beam by
forming a transmission focus in a predetermined first direc-
tion; and a second reception focusing unit that performs
reception focusing for each reception signal received by each
element of the probe according to reflection on a path in a
second direction other than the first direction, among trans-
mission wave paths of the ultrasound beam transmitted into
the inspection target by the transmission unit.

[0014] According to the ultrasound diagnostic device of the
first aspect, the probe includes plural elements that generate
and transmit ultrasound waves and receive ultrasound waves
reflected from the inspection target.

[0015] The transmission unit transmits ultrasound waves
from the plural elements so as to transmit an ultrasound beam
by forming a transmission focus in the first direction set in
advance.

[0016] The second reception focusing unit performs recep-
tion focusing for each reception signal received by each ele-
ment of the probe according to the reflection on the path in the
second direction other than the first direction, among the
transmission paths of the ultrasound beam transmitted into
the inspection target by the transmission unit.

[0017] Thus, since the transmission focusing is performed
by the transmission unit, ultrasound echoes generated by
reflection from the reflection points in directions other than
the first direction are also received by the plural elements.
Therefore, it is possible to visualize a reflector, such as a
needle, by performing reception focusing according to the
reflection on the path in the second direction using the second
reception focusing unit. In addition, it is also possible to
visualize the tissue by performing the reception focusing in
the first direction. Therefore, it is possible to visualize a
reflector, such as a needle, without lowering the frame rate.
Thatis, by further including a first reception focusing unit that
performs reception focusing according to reflection on a path
in the first direction, it is possible to visualize the tissue while
visualizing a reflector, such as a needle, without lowering the
frame rate. In this case, a combination unit that combines
results of the reception focusing of the first and second recep-
tion focusing units may be further included.

[0018] In the first aspect, the transmission unit may trans-
mit ultrasound waves from the plural elements so as to trans-
mit an ultrasound beam by forming a transmission focus in
the first direction in each of two or more different openings of
the probe, and the second reception focusing unit may per-
form reception focusing for the reception signal for each
opening according to a common reflection point in the second
direction.

[0019] The second reception focusing unit may perform
reception focusing based on a delay time set on the assump-
tion that each transmission wave converges and diverges in a
shape of a spherical wave in a shallower region and a deeper
region than the transmission focus. The second reception
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focusing unit may assume specular reflection at each point in
the second direction, assume a sound source at a different
point from the point, and perform reception focusing for each
point in the second direction based on a delay time for the
assumed sound source.

[0020] The first aspect may further include a determination
unit that determines a direction of a needle based on a result
of the reception focusing of the second reception focusing
unit.

[0021] In addition, a designation unit that designates the
second direction may be further included. In this case, the
designation unit may designate the second direction based on
information related to a direction obtained from a fixing por-
tion that fixes a needle. The second direction may be desig-
nated based on a result of last reception focusing performed
by the second reception focusing unit.

[0022] A second aspect ofthe present disclosure is an ultra-
sound diagnostic method including: transmitting an ultra-
sound beam by forming a transmission focus in a predeter-
mined first direction from plural elements of a probe, the
proveincluding the plural elements that generate and transmit
ultrasound waves and receive ultrasound waves reflected
from an inspection target; and performing second reception
focusing for each reception signal received by each element
of the probe according to reflection on a path in a second
direction other than the first direction, among transmission
wave paths of the ultrasound beam transmitted into the
inspection target.

[0023] According to the ultrasound diagnostic method of
the second aspect, ultrasound waves are transmitted from the
plural elements of the probe, which includes the plural ele-
ments that generate and transmit ultrasound waves and
receive ultrasound waves reflected from the inspection target,
s0 as to transmit an ultrasound beam by forming a transmis-
sion focus in a first direction set in advance.

[0024] In addition, the second reception focusing is per-
formed for each reception signal received by each element of
the probe according to the reflection on the path in the second
direction other than the first direction, among the transmis-
sion wave paths of the ultrasound beam transmitted into the
inspection target.

[0025] Thus, by performing the transmission focusing,
ultrasound echoes generated by reflection from the reflection
points in directions other than the first direction are also
received by the plural elements. Therefore, it is possible to
visualize a reflector, such as a needle, by performing second
reception focusing according to the reflection on the path in
the second direction. In addition, it is also possible to visual-
ize the tissue by performing the reception focusing in the first
direction. Therefore, it is possible to visualize a reflector, such
as a needle, without lowering the frame rate. That is, the
present disclosure may further include performing first recep-
tion focusing according to reflection on a path in the first
direction, so that it is possible to visualize the tissue while
visualizing a reflector, such as a needle, without lowering the
framerate. In this case, results of the reception focusing of the
first reception focusing and the second reception focusing
may be combined.

[0026] In the second aspect, the ultrasound beam may be
transmitted from the plural elements by forming a transmis-
sion focus in the first direction in each of two or more different
openings of the probe, and reception focusing may be per-
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formed for the reception signal for each opening according to
a common reflection point in the second direction in the
second reception focusing.

[0027] Inthe second reception focusing, reception focusing
may be performed based on a delay time set on the assump-
tion that each transmission wave converges and diverges in a
shape of a spherical wave in a shallower region and a deeper
region than the transmission focus. In addition, specular
reflection may be assumed at each point in the second direc-
tion, a sound source may be assumed at a different point from
the point, and reception focusing may be performed for each
point in the second direction based on a delay time for the
assumed sound source.

[0028] The second aspect may further include determining
a direction of a needle based on a result of the second recep-
tion focusing.

[0029] In addition, a step of designating the second direc-
tion may be further included. In this case, the second direction
may be designated based on information related to a direction
obtained from a fixing portion that fixes a needle. In addition,
the second direction may be designated based on a result of
the second reception focusing that has been performed last
time.

[0030] A third aspect of the present disclosure is a non-
transitory storage medium storing an ultrasound diagnostic
program that causes a computer to execute processing includ-
ing: transmitting an ultrasound beam by forming a transmis-
sion focus in a predetermined first direction from plural ele-
ments of a probe, the probe including the plural elements that
generate and transmit ultrasound waves and receive ultra-
sound waves reflected from an inspection target; and per-
forming second reception focusing for each reception signal
received by each element of the probe according to reflection
on a path in a second direction other than the first direction,
among transmission wave paths of the ultrasound beam trans-
mitted into the inspection target.

[0031] According to the third aspect, vltrasound waves are
transmitted from the plural elements of the probe, which
includes the plural elements that generate and transmit ultra-
sound waves and receive ultrasound waves reflected from the
inspection target, so as to transmit an ultrasound beam by
forming a transmission focus in a first direction set in
advance.

[0032] In addition, the second reception focusing is per-
formed for each reception signal received by each element of
the probe according to the reflection on the path in the second
direction other than the first direction, among the transmis-
sion wave paths of the ultrasound beam transmitted into the
inspection target in the transmission step.

[0033] Thus, by performing the transmission focusing,
ultrasound echoes generated by reflection from the reflection
points in directions other than the first direction are also
received by the plural elements. Therefore, it is possible to
visualize a reflector, such as a needle, by performing second
reception focusing according to the reflection on the path in
the second direction. In addition, it is also possible to visual-
ize the tissue by performing the reception focusing in the first
direction. Therefore, it is possible to visualize a reflector, such
as a needle, without lowering the frame rate. That is, the
present disclosure may further include performing first recep-
tion focusing according to reflection on a path in the first
direction, so that it is possible to visualize the tissue while
visualizing a reflector, such as a needle, without lowering the
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framerate. In this case, results of the reception focusing of the
first reception focusing and the second reception focusing
may be combined.

[0034] In the third aspect, the ultrasound beam may be
transmitted from the plural elements by forming a transmis-
sion focus in the first direction in each of two or more different
openings of the probe, and second reception focusing may be
performed for the reception signal for each opening accord-
ing to a common reflection point in the second direction.
[0035] Inthe second reception focusing, reception focusing
may be performed based on a delay time set on the assump-
tion that each transmission wave converges and diverges in a
shape of a spherical wave in a shallower region and a deeper
region than the transmission focus. In addition, specular
reflection may be assumed at each point in the second direc-
tion, a sound source may be assumed at a different point from
the point, and reception focusing may be performed for each
point in the second direction based on a delay time for the
assumed sound source.

[0036] The processing of the third aspect may further
include determining a direction of a needle based on a result
of the second reception focusing.

[0037] Inaddition, designating the second direction may be
further included. In this case, the second direction may be
designated based on information regarding a direction
obtained from a fixing portion that fixes a needle. In addition,
the second direction may be designated based on a result of
the second reception focusing that has been performed last
time.

[0038] As described above, according to the present
aspects, it is possible to visualize a reflector, such as a needle,
other than the tissue without lowering the frame rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a block diagram showing the schematic
configuration of an ultrasound diagnostic device according to
a first embodiment of the present disclosure.

[0040] FIG.2A is a diagram for explaining specular reflec-
tion by the needle for each depth of the transmission focus,
and is a diagram showing a case in which the transmission
focus is shallower than the needle.

[0041] FIG. 2B is a diagram for explaining specular reflec-
tion by the needle for each depth of the transmission focus,
and is a diagram showing a case in which the transmission
focus is deeper than the needle.

[0042] FIG. 2C is a diagram for explaining specular reflec-
tion by the needle for each depth of the transmission focus,
and is a diagram showing a case in which the transmission
focus is located behind the opening.

[0043] FIG. 3A is a diagram showing an example of per-
forming reception focusing according to the reflection on the
path in a direction other than the transmission beam direction,
and is a diagram showing a case in which the transmission
focus is shallower than the needle.

[0044] FIG. 3B is a diagram showing an example of per-
forming reception focusing according to the reflection on the
path in a direction other than the transmission beam direction,
and is a diagram showing a case in which the transmission
focus is located behind the opening.

[0045] FIG. 4 is a block diagram showing the schematic
configuration of a phasing addition/detection processing sec-
tion in the ultrasound diagnostic device according to the first
embodiment of the present disclosure.
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[0046] FIG. 5A is a diagram for explaining reception focus-
ing performed by a second reception focusing section in the
ultrasound diagnostic device according to the first embodi-
ment of the present disclosure.

[0047] FIG. 5B is a diagram for explaining reception focus-
ing performed by the second reception focusing section in the
ultrasound diagnostic device according to the first embodi-
ment of the present disclosure.

[0048] FIG.5C s a diagram for explaining reception focus-
ing performed by the second reception focusing section in the
ultrasound diagnostic device according to the first embodi-
ment of the present disclosure.

[0049] FIG. 6is a flowchart showing an example of the flow
of the process performed by the main part of the ultrasound
diagnostic device according to the first embodiment of the
present disclosure.

[0050] FIG. 7A is a diagram for explaining reception focus-
ing performed by the second reception focusing section in the
ultrasound diagnostic device according to the first embodi-
ment of the present disclosure (when an acoustic wave
equivalent to a case in which a sound source is present at the
symmetrical position with the needle as a specular reflection
surface is taken into consideration).

[0051] FIG. 7B is a diagram for explaining reception focus-
ing performed by the second reception focusing section in the
ultrasound diagnostic device according to the first embodi-
ment of the present disclosure (when an acoustic wave
equivalent to a case in which a sound source is present at the
symmetrical position with the needle as a specular reflection
surface is taken into consideration).

[0052] FIG. 8 is a diagram for explaining reception focus-
ing in a 0 direction using the element signals of plural scan-
ning lines, which is performed by a second reception focusing
section in an ultrasound diagnostic device according to a
second embodiment of the present disclosure.

[0053] FIG. 9A is a diagram for explaining reception focus-
ing in a O direction using the element signals of plural scan-
ning lines, which is performed by the second reception focus-
ing section in the ultrasound diagnostic device according to
the second embodiment of the present disclosure (when an
acoustic wave equivalent to a case in which a sound source is
present at the symmetrical position with the needle as a specu-
lar reflection surface is taken into consideration).

[0054] FIG. 9B is a diagram for explaining reception focus-
ing in a 6 direction using the element signals of plural scan-
ning lines, which is performed by the second reception focus-
ing section in the ultrasound diagnostic device according to
the second embodiment of the present disclosure (when an
acoustic wave equivalent to a case in which a sound source is
present at the symmetrical position with the needle as a specu-
lar reflection surface is taken into consideration).

[0055] FIG. 10 is a flowchart showing an example of the
flow of the process performed by the main part of the ultra-
sound diagnostic device 10 according to the second embodi-
ment of the present disclosure.

[0056] FIG. 11 is a diagram for explaining reception focus-
ing performed by a second reception focusing section in an
ultrasound diagnostic device according to a third embodi-
ment of the present disclosure.

[0057] FIG. 12A is a diagram for explaining reception
focusing performed by the second reception focusing section
in the ultrasound diagnostic device according to the third
embodiment of the present disclosure (when an acoustic wave
equivalent to a case in which a sound source is present at the
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symmetrical position with the needle as a specular reflection
surface is taken into consideration).

[0058] FIG. 12B is a diagram for explaining reception
focusing performed by the second reception focusing section
in the ultrasound diagnostic device according to the third
embodiment of the present disclosure (when an acoustic wave
equivalent to a case in which a sound source is present at the
symmetrical position with the needle as a specular reflection
surface is taken into consideration).

[0059] FIG. 13 is a flowchart showing an example of the
flow of the process performed by the main part of the ultra-
sound diagnostic device according to the third embodiment of
the present disclosure.

[0060] FIG. 14 is a flowchart showing an example of the
flow of the process when generating the RF signal of one
scanning line using one of element reception signals that
share the transmission focus in the ultrasound diagnostic
device according to the third embodiment of the present dis-
closure.

[0061] FIG. 15A is a diagram for explaining reception
focusing performed by the second reception focusing section
in the ultrasound diagnostic device according to the third
embodiment of the present disclosure.

[0062] FIG. 15B is a diagram for explaining reception
focusing performed by the second reception focusing section
in the ultrasound diagnostic device according to the third
embodiment of the present disclosure.

[0063] FIG.16is a diagram for explaining reception focus-
ing performed by the second reception focusing section in the
ultrasound diagnostic device according to the third embodi-
ment of the present disclosure (when an acoustic wave
equivalent to a case in which a sound source is present at the
symmetrical position with the needle as a specular reflection
surface is taken into consideration).

[0064] FIG. 17A is a diagram for explaining a method of
calculating DX2 and DY2 in FIG. 16.

[0065] FIG. 17B is a diagram for explaining a method of
calculating DX2 and DY2 in FIG. 16.

[0066] FIG.18A is a diagram showing a state in which the
reflection of the needle deviates from the reception opening.
[0067] FIG. 18B is a diagram showing an example of
receiving the reflection by the needle by transmitting the
transmission beam so as to be inclined.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0068] Hereinafter, an example of an embodiment of the
present disclosure will be described with reference to the
respective diagrams.

First Embodiment

[0069] FIG. 1 is a block diagram showing the schematic
configuration of an ultrasound diagnostic device according to
a first embodiment of the present disclosure.

[0070] Asshown 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 image generation unit 24, a display control unit 26,
adisplay unit 28, a control unit 30, an operating unit 32, and
a storage unit 34.

[0071] The ultrasound probe 12 has a probe 36 that is used
in a normal ultrasound diagnostic device. The probe 36
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includes 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 trans-
mission unit 14, and receives an ultrasound echo from the
subject and outputs a reception signal. In the present embodi-
ment, each of a predetermined number of ultrasound trans-
ducers 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 generates one ultrasound beam to be transmitted
to the subject.

[0072] For example, each ultrasound transducer is formed
by an element (transducer) in which electrodes are formed at
both ends of the piezoelectric body including 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.

[0073] 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
is 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.
[0074] 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
beam components transmitted from plural ultrasound trans-
ducers (hereinafter, referred to as ultrasound elements) of the
probe 36 form one ultrasound beam, and supplies the adjusted
driving signals to the plural ultrasound elements that form a
set. Accordingly, ultrasound waves are transmitted from the
plural ultrasound elements, transmission focusing is pet-
formed to generate an ultrasound beam, and the ultrasound
beam is transmitted.

[0075] According to the control signal from the control unit
30, the receiving unit 16 receives anultrasound 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 the reception signal, that is, an analog
element signal of each ultrasound element, and supplies the
amplified analog element signal to the A/D conversion unit
18.

[0076] 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.

[0077] The element data storage unit 20 stores the digital
element data output from the A/D conversion unit 18 in a
sequential 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



US 2016/0113624 Al

scanning lines, and a field-of-view width) so as to be associ-
ated with the above digital element data (hereinafter, simply
referred to as element data).

[0078] Under the control of the control unit 30, the image
generation unit 24 generates an acoustic ray signal (reception
data) from the element data stored in the element data storage
unit 20, and generates an ultrasound image from the acoustic
ray signal. Specifically, the image generation unit 24 includes
aphasing addition/detection processing section 40, aDSC 42,
an image generation section 44, and an image memory 46.

[0079] The phasing addition/detection processing section
40 performs reception focusing processing by selecting one
reception delay pattern from plural reception delay patterns
stored in advance according to the receiving direction set by
the control unit 30, applying each delay to the element data
based on the selected reception delay pattern, and adding up
the results. Through the reception focusing processing, recep-
tion data (acoustic ray signal) with a narrowed focus of the
ultrasound echo is generated.

[0080] The phasing addition/detection processing section
40 generates B-mode image data, which is tomographic
image information regarding a tissue within the subject, by
correcting the attenuation due to the distance according to the
depth of the reflection position of the ultrasound wave and
then performing envelope detection processing for the recep-
tion data generated by the reception focusing processing.

[0081] 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).

[0082] Theimage generation section 44 generates B-mode
image data to be supplied for inspection or display by pet-
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 the generated B-mode image data or stores the gen-
erated B-mode image data for inspection or display in the
image memory 46.

[0083] 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.

[0084] 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.

[0085] 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.

[0086] The control unit 30 controls each unit of the ultra-
sound diagnostic device 10 based on a command that is input
from the operating unit 32 by the operator.

[0087] When various kinds of information, especially,
information required to calculate the delay time used in the
phasing addition/detection processing section 40 of the image
generation unit 24 has 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 the respective units, such as the transmis-
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sion unit 14, the receiving unit 16, the element data storage
unit 20, the image generation unit 24, and the display control
unit 26, when necessary.

[0088] 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.

[0089] 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, the speed of sound 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, when necessary.

[0090] 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 speed of sound, the
focal position, and the transmission opening and the reception
opening, 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 image generation unit 24, and the display
control unit 26, an operation program or a processing pro-
gram for executing the processing or operation of each unit,
and the like. As the storage unit 34, recording media, such as
a hard disk, a flexible disk, an MO, an MT, a RAM, a CD-
ROM, and a DVD-ROM, can be used.

[0091] The phasing addition/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 processing, or a hardware configuration, such as a digital
circuit, may be used therefor.

[0092] Incidentally, in the ultrasound diagnostic device 10
configured as described above, the ultrasound beam is trans-
mitted by performing transmission focusing, and acoustic
waves (ultrasound beams) formed by transmission focusing
propagate in various directions in a shallower or deeper
region than the transmission focus. Accordingly, even if the
specular reflection by the needle in the transmission beam
direction deviates from the reception opening, the specular
reflection of acoustic waves in directions other than the trans-
mission beam direction due to the needle is captured in the
reception opening, as shown by the one-dot chain line in
FIGS. 2A to 2C. The reflection of the acoustic wave, which is
formed by transmission focusing, by the needle is equivalent
to a case in which there is a focus at the symmetrical position
of the focus formed by transmission focusing with the needle
as a specular reflection surface. Therefore, if the transmission
focus is regarded as apseudo sound source, as shown in FIGS.
2A and 2C, reflection equivalent to the acoustic wave when a
pseudo sound source is present at the symmetrical position of
the transmission focus with respect to the needle is caught in
the reception opening. In the case shown in FIG. 2B, a sound
source is actually formed. However, since the reflection
spread range is determined by the directivity of an element,
transmission opening, depth, frequency, or the like, the reflec-
tion does not necessarily spread in all directions. Accord-
ingly, the above-described pseudo sound source or the
reflected wave equivalent to the sound source cannot neces-
sarily be captured. That is, the spread range of the acoustic
wave in a shallower or deeper region than the transmission
focus is determined by the transmission opening, depth, fre-
quency, or the like, and reflection spreads only to a range
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interposed in the direction of specular reflection by the needle
in a direction at both the ends. The specular reflection in the
transmission beam direction can be regarded as a part of the
reflection.

[0093] Therefore, in the ultrasound diagnostic device 10
according to the present embodiment, focusing on the fact
that the acoustic wave of the ultrasound beam formed by
transmission focusing also propagates in directions other than
the transmission beam direction, the reflector, such as a
needle, other than the tissue can be satisfactorily visualized
by performing reception focusing for each reception signal,
which is received by each ultrasound element of the probe 36,
according to the reflection on the path in a direction other than
the transmission beam direction, as shown in FIGS, 3A and
3B. In the present embodiment, the reception focusing is
performed based on the delay time set on the assumption that
transmission waves converge and diverge in the shape of a
spherical wave in a shallower region and a deeper region than
the transmission focus.

[0094] In the present embodiment, the phasing addition/
detection processing section 40 is configured to perform the
reception focusing according to the reflection on the path in a
direction other than the transmission beam direction. F1G. 4 is
a block diagram showing the schematic configuration of the
phasing addition/detection processing section 40 in the ultra-
sound diagnostic device 10 according to the first embodiment
of the present disclosure.

[0095] Specifically, as shown in FIG. 4, the phasing addi-
tion/detection processing section 40 includes a first reception
focusing section 40A, a second reception focusing section
40B, a first detection processing section 40C, a second detec-
tion processing section 40D, and a combination processing
section 40E.

[0096] The first reception focusing section 40A performs
reception focusing by selecting one reception delay pattern
from plural reception delay patterns stored in advance for the
transmission direction (vertical direction in the present
embodiment) of the ultrasound beam, applying each delay to
the element data based on the selected reception delay pat-
tern, and adding up the results.

[0097] The second reception focusing section 40B pet-
forms reception focusing so as to be inclined by the angle 0
from the transmission focus with respect to the transmission
direction (vertical direction) of the ultrasound beam.

[0098] Here, a reception focus that is inclined by the angle
0 with respect to the transmission direction will be described
with reference to FIGS. 5A to 5C.

[0099] As shown in FIG. SA, when the transmission beam
is vertical, the depth of the reflection point is given by VxT0/
2. The depth of the reflection point in a direction inclined by
6 with respect to the vertical direction is also given by VxT0/
2. Here, TO indicates a reciprocating ultrasound wave propa-
gation time in a vertical direction or in a direction inclined by
6 with respect to the vertical direction, and V indicates the
speed of sound.

[0100] Then, it can be seen from FIG. 5B that the distances
DX and DY of the reflection point from the transmission
focus in the 6 direction are given by the following equations.
Here, FD indicates the depth of the transmission focus.

DX=(VxTr-FDjxsin ()
DY=(VxTt-FD)xcos (0)

Tt=1072
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[0101] Then, it can be seen from FIG. 5C that the distances
X andY of the reflection point from the j-th element from the
center of the opening are given by the following equations.

X=DX-jxEP
Y=DY+I'D

[0102] Here, EP is a gap between elements, and j is a
positive or negative value with an element at the center as 0.
[0103] Therefore, it can be seen that the propagation time of
the acoustic wave returning to the j-th element from the
reflection point is given by the following equation.

Tr=squt(X2+ )V

[0104] The ultrasound wave transmitted from the opening
is reflected at the reflection point after Tt, and returns to the
j-th element after Tr. That is, the reflected wave from the
reflection point returns to the j-th element after T=Tt+Tr from
the transmission.

[0105] Therefore, by adding up the signals of the respective
elements using the following equation, itis possible to extract
the reflected wave from the reflection point, that is, it is
possible to perform reception focusing.

RF(i, TO)=SELE(G, ], T)

[0106] Here, i indicates a scanning line to which the open-
ing corresponds, ELE(], j, T) indicates a signal at time T of an
element j of the scanning line i, and RF(i, TO) indicates an RF
signal at time TO (equivalent to depth) in the 0 direction of the
scanning line 1 after reception focusing.

[0107] That is, reception focusing that is inclined by the
angle 8 with respect to the transmission direction is per-
formed so as to satisfy the following equations.

RF(i, TO)=XELE(, j, T)
T=Tt+Tr

Tr=squt(+ )V
X=DX-jxEP
Y=DY+FD
DX=(VxTt-FD)xsin (8)
DY=(VxTt-FD)xcos (0)

Tt=1072

[0108] Here, RF(i, TO): RF signal of the i-th scanning line
attime TO. The time of the moment of transmission is set to 0.
[0109] ELEQ,], T): data at time T of the j-th element of the
element signal acquired by transmission corresponding to the
i-th scanning line. Here, j is 0 in the case of an element
corresponding to the i-th scanning line position, and is a
positive or negative value.

[0110] Z: integration on j

[0111] Tt time until the transmission wave reaches a
reflection point

[0112] Tr: time until the reflected wave reaches an element
[0113] V: speed of sound

[0114] EP: gap between elements

[0115] FD: depth of transmission focus

[0116] 0O: angle of the reception focusing direction that is

inclined with respect to the transmission direction
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[0117] As shown in FIG. 3B, when forming a transmission
focus behind the transmission opening, the depth FD of the
transmission focus is negative.

[0118] On the other hand, the first detection processing
section 40C generates B-mode image data, which is tomo-
graphic image information regarding a tissue within the sub-
ject, by correcting the attenuation due to the distance accord-
ing to the depth of the reflection position of the ultrasound
wave and then performing envelope detection processing for
the reception data generated by the first reception focusing
section 40A.

[0119] Similarly, the second detection processing section
40D generates B-mode image data, which is image informa-
tion regarding a reflector, such as a needle, by correcting the
attenuation due to the distance according to the depth of the
reflection position of the ultrasound wave and then perform-
ing envelope detection processing for the reception data gen-
erated by the second reception focusing section 40B.

[0120] Then, the combination processing section 40E per-
forms processing for combining the B-mode image data (im-
ageA) generated by the first detection processing section 40C
and the B-mode image data (image B) generated by the sec-
ond detection processing section 40D. Specifically, since
RF(@i, T0O) generated by the above-described equation is
inclined by the angle 0 with respect to the vertical direction,
coordinate transformation (scan conversion) is performed so
as to match the coordinates of the image A and the image B
and the image A and the image B are added up in a predeter-
mined ratio to generate a display image. In this case, the
processing may be performed by performing gradation con-
version for emphasis as many as the number of high-bright-
ness pixels of the image B, or by extracting only the high-
brightness pixels as a needle, or by extracting only the pixels
in a predetermined range, orby detecting a straight line by the
Hough transform or the like and extracting only the pixels
around the detected straight line. In addition, processing for
color conversion, chroma conversion, or the like may be
further performed according to the brightness of the image A
and the image B.

[0121] Here, even if the direction of the reception focus by
the second reception focusing section 40B is not necessarily
perpendicular to the needle, it is possible to visualize the
needle as long as the direction of specular reflection by the
needle in the direction of the reception focus does deviate
from the reception opening. That is, since the specular reflec-
tion from the needle is a result of integrating the reflection
from each point on the needle, it is possible to capture and
visualize a part of specular reflection by the needle by the
reception focusing according to the reflection point on the
needle as long as the integration result is not zero (specular
reflection does not deviate from the reception opening). This
is the same as the reason that extraction is possible even if the
needle is not horizontal in the ultrasound image generated
with both the transmission beam direction and the reception
beam direction as vertical directions.

[0122] The reception focusing direction of each of the first
reception focusing section 40A and the second reception
focusing section 40B may be designated by operating the
operating unit 32 or the like, or may be designated by acquir-
ing information regarding a direction obtained from the jig for
fixing the needle. Alternatively, a current reception focusing
direction may be designated based on the result of the last
reception focusing.
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[0123] Subsequently. the operation of the ultrasound diag-
nostic device 10 according to the first embodiment of the
present disclosure and a method of generating an ultrasound
image will be described.

[0124] FIG. 6is aflowchart showing an example of the flow
of the process performed by the main part of the ultrasound
diagnostic device 10 according to the first embodiment of the
present disclosure.

[0125] Instep 100, a scanning line n is reset (n=0), and the
process proceeds to step 102. In step 102, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
104.

[0126] In step 104, transmission focusing is performed to
acquire each element reception signal, and the process pro-
ceeds to step 106. That is, 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. Then, the ultrasound echo
generated by interaction between the transmitted ultrasound
beam and the subject is received by the probe 36, the analog
element signal is amplified by the receiving unit 16, the
amplified analog element signal is converted into digital ele-
ment data by the A/D conversion unit 18, and the digital
element data is stored in the element data storage unit 20.
[0127] Instep 106, the image A for tissue imaging is gen-
erated by performing reception focusing in the same direction
as the transmission beam for the reception signal of each
element, and the process proceeds to step 108. That is, the first
reception focusing section 40A acquires each element recep-
tion signal from the element data storage unit 20 and gener-
ates reception data (acoustic ray signal) by performing recep-
tion focusing in the vertical direction, and the first detection
processing section 40C generates a B-mode image signal of
the image A for tissue imaging by processing the acoustic ray
signal.

[0128] Instep 108, the image B for needle imaging is gen-
erated by performing reception focusing in a direction, which
is inclined by the angle 8 with respect to the transmission
beam, for the reception signal of each element, and the pro-
cess proceeds to step 110. That is, the second reception focus-
ing section 40 B acquires each element reception signal from
the element data storage unit 20 and generates reception data
(acoustic ray signal) by performing reception focusing in a
direction that is inclined by the angle 8 with respect to the
vertical direction, and the second detection processing sec-
tion 40D generates a B-mode image signal of the image B for
needle imaging by processing the acoustic ray signal.
[0129] In step 110, it is determined whether or not n=N.
That is, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process proceeds to step 102 to repeat the
above processing. When the determination is positive, the
process proceeds to step 112.

[0130] Instep 112, the combination processing section 40E
generates a display image of one frame by combining the
image A and the image B, which have been generated as
described above, by scan conversion, and the series of pro-
cesses are ended. A display image of the next frame is gen-
erated by performing the process from the processing of step
100.

[0131] Thus, the ultrasound diagnostic device 10 according
to the first embodiment of the present disclosure generates an
ultrasound beam by performing transmission focusing,
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receives an ultrasound signal, generates an image for tissue
imaging by performing reception focusing in the transmis-
sion direction, and generates an image for reflector (needle)
imaging other than the tissue by performing reception focus-
ing in a different direction from the transmission direction.
Therefore, it is possible to visualize a reflector other than the
tissue by one ultrasound transmission.

[0132] Inthe first embodiment described above, the second
reception focusing section 40B performs reception focusing
in adirection that is inclined by the angle 8 with respect to the
vertical direction. As shown in FIGS. 2A to 2C, in consider-
ation of the fact that the reflected wave from the needle
becomes an acoustic wave equivalent to a case in which a
sound source is present at the symmetrical position with the
needle as a specular reflection surface, the reception focusing
may be performed.

[0133] Here, a case in which reception focusing is per-
formed in consideration of the fact that the reflected wave
from the needle becomes an acoustic wave equivalent to a
case in which a sound source is present at the symmetrical
position with the needle as a specular reflection surface will
be described with reference to FIGS. 7A and 7B.

[0134] First, calculating DX and DY from FIG. 7A using
the following equations is the same as that described above.

DX=(VxTt-FD)xsin ()
DY=(PxIt-FD)xcos (0)

=102

[0135] Then, as shown in FIG. 7B, aneedle passing through
the reflection point is assumed, and a pseudo sound source is
assumed at the symmetrical position of the transmission
focus. Distances DX2 and DY?2 from the transmission focus
to the sound source are given by the following equations.

DX2=2xDX

DN2=2xDY

[0136] Distances X andY of the sound source from the j-th
element are given by the following equations.

X=DX2-jxEP

Y=DY2+FD

[0137] The propagation time of the acoustic wave returning
to the j-th element from the sound source is given by the
following equation.

Tr=squt(+ )V

[0138] Time until the transmission focus is formed from the
transmission of the ultrasound wave from the opening is
FD/V, and it is thought that propagation from the pseudo
sound source to the j-th element starts at that moment.
Accordingly, it is thought that the reflected wave from the
reflection point returns to the j-th element after T=FD/V+Tr
from the transmission of the ultrasound wave from the open-
ing.

[0139] Therefore, by adding up the signals of the respective
elements using the following equation, itis possible to extract
the reflected wave from the reflection point, that is, it is
possible to perform reception focusing.

RF{, T0)=SELE(, j, T)

[0140] That is, when performing reception focusing in con-
sideration of the fact that the reflected wave from the needle
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becomes an acoustic wave equivalent to a case in which a
sound source is present at the symmetrical position with the
needle as a specular reflection surface, the reception focusing
is performed so as to satisfy the following equations.

RF(i, TO)=XELE(, j, T)
T=FD/V+Tr
Tr=squt(2+2)/ ¥V
X=DX2-jxEP
Y=D2+FD
DX2=2xDX
D2=2xDY
DX=(VxTt-FD)xsin (8)
DY=(VxTt-FD)xcos (0)

Tt=1072

[0141] The difference from the equations of the reception
focusing in the second reception focusing section 40B of the
first embodiment described above is that a needle passing
through the reflection point in a vertical direction with the
angle 8 is assumed, a sound source of DX2 and DY?2 is
assumed as a symmetrical position of the transmission focus
with respect to the needle, and the time of propagation to each
element from the assumed sound source is calculated and that
the time FD/V until the transmission focus is formed is added
by regarding the assumed sound source as being formed at the
same time as the formation of the transmission focus.
[0142] By performing the reception focusing in this man-
ner, it is possible to perform the reception focusing according
to the specular reflection from the needle. Therefore, it is
possible to visualize the needle better than in the first embodi-
ment. However, by performing reception focusing according
to the specular reflection, which is an integration result
including ambient reflection, as well as the focused reflection,
the reception focusing is also performed on the ambient
reflection. Accordingly, even if the focused reflection devi-
ates from the point on the needle, the needle is visualized if
the point on the needle is included in the ambient reflection.
As a result, the visualization performance of the needle tip is
reduced compared with that in the first embodiment.

Second Embodiment

[0143] Subsequently, an ultrasound diagnostic device
according to a second embodiment of the present disclosure
will be described. Since the basic configuration is the same as
that in the first embodiment, the detailed explanation thereof
will be omitted and the differences will be described.

[0144] In the first embodiment, in order to generate an RF
signal of one scanning line in a direction that is inclined by the
angle 0, one of element reception signals that share the trans-
mission focus is used. In the second embodiment, an example
will be described in which not only each of element reception
signals that share the transmission focus but also plural ele-
ment reception signals including the periphery are used in
order to generate the RF signal of one scanning line.

[0145] That is, in the second embodiment, the transmission
unit 14 transmits ultrasound waves from plural ultrasound
elements so as to transmit an ultrasound beam by forming a
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transmission focus in a first direction in each of two or more
different openings of the probe 36. When generating recep-
tion data (acoustic ray signal) by performing reception focus-
ing in a direction, which is inclined by the angle 8 with respect
to the vertical direction, using element data obtained by an
element data processing unit 22, the second reception focus-
ing section 40B performs reception focusing using the ele-
ment reception signals of plural scanning lines.

[0146] Here, reception focusing in the 6 direction using the
element signals of plural scanning lines will be described
with reference to FIG. 8.

[0147] First, a method in which specular reflection is not
assumed will be described with reference to FIG. 8.

[0148] Distances DX and DY of the reflection point in the 6
direction of the scanning line i from the transmission focus
are given by the following equations as described above.

DX=(VxTt-FD)xsin ()
DY=(PxTt-FD)xcos (0)
Tt=10/2

[0149] Then, the distance of the reflection point from the
transmission focus of the scanning line (i+k) is calculated.

[0150] Since the scanning line (i+k) is spaced apart from
the scanning line 1 by kxEP, DX2 is expressed as follows.

DX2=DX-kxEP

[0151] Here, k is a positive or negative value with the i-th
scanning line as 0.

[0152] In addition, the distance is given as follows.
sign(DY)xsqrt(DX22+DY?)
[0153] Here, when DY is negative, sign(DY) is also multi-

plied in order to set the distance to a negative value.

[0154] It can be seen that the time until the acoustic wave
transmitted from the opening of the scanning line (i+k)
reaches the reflection point is as follows.

T2=(FD+sign(DY)xsqrt(DX2°+DY2))/V

[0155] On the other hand, it can be seen that the propaga-
tion time of the acoustic wave, which returns from the reflec-
tion point to the j-th element (has a positive or negative value
with an element corresponding to the position of the scanning
line (i+k) as 0) of the opening of the scanning line (i+k), is as
follows.

Tr=squt(X+ )iV

[0156] Here, X=DX-(k+j)xEP, and Y=DY+ED.

[0157] Therefore, by adding up the signals of the respective
elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=SXELE(i+k j, T)
T=T2+Tr

[0158] Here, i+k indicates a scanning line, j indicates an
element, one of two Z indicates integration onk, and the other
2 indicates integration on j.

[0159] That is, reception focusing in the 0 direction using
the element signals of plural scanning lines (method in which
specular reflection is not assumed) is performed so as to
satisfy the following equations.
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RF(i, TO)=XELE(i+k, j, T)

T=T+1r

Tr=squt(X>+ )V

X=DX-(k+/)xEP

Y=DY+I'D
T12=(FD+sign(DY)xsqrt(DX2%+ DY)/ V
DX2=DX-kxEP

DX=(VxTt-FD)xsin (0)
DY=(VxTi-FD)xcos (0)

=102

[0160] By performing reception focusing using the element
reception signals of plural scanning lines as described above,
it is possible to improve the visualization of a reflector, such
as a needle, other than the tissue, compared with the first
embodiment.

[0161] Next, a case in which reception focusing is per-
formed in consideration of the fact that the reflected wave
from the needle becomes an acoustic wave equivalent to a
case in which a sound source is present at the symmetrical
position with the needle as a specular reflection surface will
be described with reference to FIGS. 9A and 9B.

[0162] First, distances DX and DY of the reflection point in
the 0 direction of the scanning line i from the transmission

focus are given by the following equations as described above
(FIG.9A).

DX=(VxTt-FD)xsin (0)
DY=(VxTi-FD)xcos (0)
Tt=1012

[0163] Then, a pseudo sound source is assumed at the sym-
metrical position of the transmission focus of the scanning
line i+k with respect to the needle, and distances DX3 and
DY3 from the transmission focus of the scanning line i+k to
the pseudo sound source are calculated.

[0164] First, it can be seen that DX2 in FIG. 9B is given by
the following equation (here, k is a positive or negative value
with the i-th scanning line as 0).

DX2=DX-kxEPxsin (0)xsin (6)
[0165] In addition, it can be seen that DY?2 is given by the
following equation.
DY2=DY-kxEPxsin (8)xcos (8)
[0166] Since DX3 and DY3 are values obtained by dou-
bling DX2 and DY2, DX3 and DY?3 are expressed as follows.
DX3=2xDX2

DY3=2xDY2

[0167] If DX3 and DY3 are known, it can be seen that the
propagation time of the acoustic wave, which returns from the
sound source to the j-th element (has a positive or negative
value with an element corresponding to the position of the
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scanning line (i+k) as 0) of the opening of the scanning line
(i+k), is as follows.

Tr=squt(C+ )V

[0168] Here, X=DX3-jxEP, and Y=DY3+FD.

[0169] Therefore, by adding up the signals of the respective
elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=SXELE(+k j, T)
T=FD/V+Tr

[0170] Here, i+k indicates a scanning line, j indicates an
element, one of two Z indicates integration onk, and the other
2 indicates integration on j.

[0171] That is, reception focusing in the second reception
focusing section 40B is performed so as to satisfy the follow-
ing equations.

RF(i, TO)=2XELE(i+£, j, T)
T=FD/V+Tr

Tr=squt(+ )V
X=DX3-jxEP

Y=DY3+FD

DX3=2xDX2

DY3=2xDY2
DX2=DX-kxEPxsin (0)xsin ()
DY2=DY-kxEPxsin (8)xcos (6)
DX=(VxTt—-FD)xsin (8)
DY=(VxTt-FD)xcos (0)
Tt=10/2

[0172] Subsequently, the operation of the ultrasound diag-
nostic device according to the second embodiment of the
present disclosure and a method of generating an ultrasound
image will be described.

[0173] FIG. 10 is a flowchart showing an example of the
flow of the process performed by the main part of the ultra-
sound diagnostic device 10 according to the second embodi-
ment of the present disclosure.

[0174] Instep 200, a scanning line n is reset (n=0), and the
process proceeds to step 202. In step 202, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
204.

[0175] In step 204, transmission focusing is performed to
acquire each element reception signal, and the process pro-
ceeds to step 206. That is, 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. Then, the ultrasound echo
generated by interaction between the transmitted ultrasound
beam and the subject is received by the probe 36, the analog
element signal is amplified by the receiving unit 16, the
amplified analog element signal is converted into digital ele-
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ment data by the A/D conversion unit 18, and the digital
element data is stored in the element data storage unit 20.
[0176] In step 206, it is determined whether or not n=N.
That s, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process returns to step 202 to repeat the above
processing. When the determination is positive, the process
proceeds to step 208.

[0177] Instep 208, a scanning line n is reset (n=0), and the
process proceeds to step 210. In step 210, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
212.

[0178] In step 212, the image A for tissue imaging is gen-
erated by performing reception focusing in the same direction
as the transmission beam for each element reception signal,
and the process proceeds to step 214. That is, the first recep-
tion focusing section 40A acquires each element reception
signal from the element data storage unit 20 and generates
reception data (acoustic ray signal) by performing reception
focusing in the vertical direction, and the first detection pro-
cessing section 40C generates a B-mode image signal of the
image A for tissue imaging by processing the acoustic ray
signal.

[0179] Instep 214, the image B for needle imaging is gen-
erated by performing reception focusing in a direction, which
is inclined by the angle 8 with respect to the transmission
beam, for each element reception signal, and the process
proceeds to step 216. That is, the second reception focusing
section 40B acquires each element reception signal from the
element data storage unit 20 and generates reception data
(acoustic ray signal) by performing reception focusing in a
direction that is inclined by the angle 8 with respect to the
vertical direction, and the second detection processing sec-
tion 40D generates a B-mode image signal of the image B for
needle imaging by processing the acoustic ray signal.
[0180] In step 216, it is determined whether or not n=N.
That is, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process returns to step 210 to repeat the above
processing. When the determination is positive, the process
proceeds to step 218.

[0181] Instep 218, the combination processing section 40E
generates a display image of one frame by combining the
image A and the image B, which have been generated as
described above, by scan conversion, and the series of pro-
cesses are ended. A display image of the next frame is gen-
erated by performing the process from the processing of step
200.

[0182] By performing such processing, reception focusing
using the element reception signals of plural scanning lines
becomes possible. Therefore, it is possible to improve the
performance of visualizing a reflector, such as a needle, other
than the tissue, compared with the first embodiment.

Third Embodiment

[0183] Subsequently., an ultrasound diagnostic device
according to a third embodiment of the present disclosure will
be described.

[0184] The reflection wave from the needle becomes an
acoustic wave equivalent to a case in which a sound source is
present at the symmetrical position with the needle as a specu-
lar reflection surface. However, since the range is determined
and limited by the transmission opening, depth, frequency,
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and the like, the needle may not be able to be visualized in
each of the embodiments described above in the case of an
acute angle.

[0185] Therefore, in the present embodiment, the transmis-
sion beam direction is inclined so as to be almost perpendicu-
lar to the needle, and then the transmission beam is further
inclined to perform reception focusing.

[0186] The basic configuration is the same as those in the
first and second embodiments, and only the processes are
different. Accordingly, only the differences will be described.
[0187] Inthe ultrasound diagnostic device according to the
third embodiment, the transmission beam is inclined. Accord-
ingly, reception focusing by the second reception focusing
section 40B is performed as follows.

[0188] First, a case in which specular reflection is not
assumed will be described with reference to FIG. 11.

[0189] Assuming that the scanning line i is inclined by the
angle ¢, distances DX and DY of the reflection point in a
direction, which is further inclined by the angle 6, from the
transmission focus are given by the following equations.

DX=(VxTt-FD)xsin (¢+6)
DY=(PxTt-FD)xcos (¢+0)

T=1012

[0190] Then, the distance of the reflection point from the
transmission focus of the scanning line (i+k) is calculated.
[0191] Since the scanning line (i+k) is spaced apart from
the scanning line 1 by kxEP, DX2 is expressed as follows.

DX2=DX-kxEP
[0192]
sign(DY)xsqrt(DX2+DY?)
[0193] Here, when DY is negative, sign(DY) is also multi-
plied in order to set the distance to a negative value.
[0194] It can be seen that the time until the acoustic wave

transmitted from the opening of the scanning line (i+k)
reaches the reflection point is as follows.

In addition, the distance is given as follows.

T2=(FD+sign(DY)xsqrt(DX22+D¥2)/V

[0195] On the other hand, it can be seen that the propaga-
tion time of the acoustic wave, which returns from the reflec-
tion point to the j-th element (has a positive or negative value
with an element corresponding to the position of the scanning
line (i+k) as 0) of the opening of the scanning line (i+k), is as
follows.

Tr=squt(X+ )iV

[0196] Here, X=DX+FDxsin(¢)-(k+j)xEP, and Y=DY+
FDxcos ().
[0197] Therefore, by adding up the signals of the respective

elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=SXELE(+k j, T)

T=T2+Ir

[0198] Here, i+k indicates a scanning line, j indicates an
element, one of two Z indicates integration onk, and the other
2 indicates integration on j.

[0199] That is, when performing reception focusing in a
direction that is further inclined by the angle 0 with respect to
the transmission beam inclined by the angle ¢, reception
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focusing by the second reception focusing section 40B is
performed so as to satisfy the following equations.

RF(i, TO)=XXELE(i+#%, j, T)

T=T+Tr

Tr=squt(+ )V

X=DX+FDxsin (¢)-(k+j)xEP
Y=DY+FDxcos (¢)
T12=(FD+sign(DY)xsqrt(DX2+ DY)/ V
DX2=DX-kxEP

DX=(VxTt-FD)xsin ($+8)
DY=(VxTt-FD)xcos (¢+9)

Tt=10/2

[0200] Inaddition, ifintegration on k is not performed, one
of element reception signals that share the transmission focus
is used.

[0201] Next, a case in which reception focusing is per-
formed in consideration of the fact that the reflected wave
from the needle becomes an acoustic wave equivalent to a
case in which a sound source is present at the symmetrical
position with the needle as a specular reflection surface will
be described with reference to FIGS. 12A and 12B.

[0202] Assuming that the scanning line i is inclined by the
angle ¢, distances DX and DY of the reflection point in a
direction, which is further inclined by the angle 8, from the
transmission focus are given by the following equations (FIG.
12A).

DX=(VxTt-FD)xsin (¢+6)
DY=(VxTi-FD)xcos (¢+9)
Te=10/2

[0203] Then, a pseudo sound source is assumed at the sym-
metrical position of the transmission focus of the scanning
line i+k with respect to the needle, and distances DX3 and
DY3 from the transmission focus of the scanning line i+k to
the pseudo sound source are calculated.

[0204] For the above, first, DX2 and DY2 are calculated in
FIG. 12B. It can be seen that DX2 and DY?2 are given by the
following equations (here, k is a positive or negative value
with the i-th scanning line as 0).

DX2=DX-kxEPxsin (¢+0)xsin (¢+0)
DY2=DY-kxEPxsin ($+0)xcos (¢+0)

[0205] Since DX3 and DY3 are values obtained by dou-
bling DX2 and DY2, DX3 and DY?3 are expressed as follows.

DX3=2xDX2
DY3=2xDY2

[0206] If DX3 and DY3 are known, it can be seen that the
propagation time of the acoustic wave, which returns from the
sound source to the j-th element (has a positive or negative
value with an element corresponding to the position of the
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scanning line (i+k) as 0) of the opening of the scanning line
(i+k), is as follows.

Tr=squt(C+ )V

[0207] Here, X=DX3+FDxsin (¢)-jxEP, and Y=DY3+
FDxcos ().
[0208] Therefore, by adding up the signals of the respective

elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=SSELE(i+k j, T)

T=FD/V +1¥

[0209] Here, i+k indicates a scanning line, j indicates an
element, one of two 2 indicates integration onk, and the other
2 indicates integration on j.

[0210] That is, when performing reception focusing in a
direction, which is further inclined by the angle 6 with respect
to the transmission beam inclined by the angle ¢, in consid-
eration of the fact that the reflected wave from the needle
becomes an acoustic wave equivalent to a case in which a
sound source is present at the symmetrical position with the
needle as a specular reflection surface, the second reception
focusing section 40 B performs reception focusing so as to
satisfy the following equations.

RF(i, T0)=3XELE(i+k, j, T)
T=FD/V+Tr

Tr=squt(+ )V

X=DX3+FDxsin (§)-jxEP
Y=DY3+FDxcos (¢)

DX3=2xDX2

DY3=2xDY2

DX2=DX-kxEPxsin (¢+0)xsin (¢+0)
DY2=DY-kxEPxsin (¢+6)xcos (¢+0)
DX=(VxTi-FDjxsin ($+0)
DY=(VxTt-FD)xcos (¢+6)

T=1072

[0211] TInaddition, ifintegration onk is not performed, one
of element reception signals that share the transmission focus
is used.

[0212] FIG. 13 is a flowchart showing an example of the
flow of the process performed by the main part of the ultra-
sound diagnostic device according to the third embodiment of
the present disclosure. The same processing as in the second
embodiment will be described using the same reference
numerals.

[0213] Instep 200, a scanning line n is reset (n=0), and the
process proceeds to step 202. In step 202, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
203.

[0214] In step 203, transmission focusing is performed
without tilting the transmission beam to acquire each element
reception signal, and the process proceeds to step 205. That is,
when the operator brings the ultrasound probe 12 into contact
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with the surface of the subject to start measurement, an ultra-
sound beam is transmitted from the probe 36 according to the
driving signal supplied from the transmission unit 14. Then,
the ultrasound echo generated by interaction between the
transmitted ultrasound beam and the subject is received by the
probe 36, the analog element signal is amplified by the receiv-
ing unit 16, the amplified analog element signal is converted
into digital element data by the A/D conversion unit 18, and
the digital element data is stored in the element data storage
unit 20.

[0215] In step 205, transmission focusing is performed by
tilting the transmission beam to acquire each element recep-
tion signal, and the process proceeds to step 206. That is,
according to the driving signal supplied from the transmission
unit 14, an ultrasound beam is transmitted from the probe 36.
In this case, unlike in step 203, the transmission beam is
transmitted so as to be inclined. Then, the ultrasound echo
generated by interaction between the transmitted ultrasound
beam and the subject is received by the probe 36, the analog
element signal is amplified by the receiving unit 16, the
amplified analog element signal is converted into digital ele-
ment data by the A/D conversion unit 18, and the digital
element data is stored in the element data storage unit 20.
[0216] In step 206, it is determined whether or not n=N.
That s, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process returns to step 202 to repeat the above
processing. When the determination is positive, the process
proceeds to step 208.

[0217] Instep 208, a scanning line n is reset (n=0), and the
process proceeds to step 210. In step 210, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
213.

[0218] Instep 213, the image A for tissue imaging is gen-
erated by performing reception focusing in the same direction
as the transmission beam for each element reception signal
acquired without tilting the transmission beam, and the pro-
cess proceeds to step 215. That is, the first reception focusing
section 40 A acquires each element reception signal acquired
in step 203 from the element data storage unit 20 and gener-
ates reception data (acoustic ray signal) by performing recep-
tion focusing in the vertical direction, and the first detection
processing section 40C generates a B-mode image signal of
the image A for tissue imaging by processing the acoustic ray
signal.

[0219] Instep 215, the image B for needle imaging is gen-
erated by performing reception focusing in a direction, which
is inclined by the angle 8 with respect to the transmission
beam, for each element reception signal acquired by tilting
the transmission beam, and the process proceeds to step 216.
That is, the second reception focusing section 40B acquires
each element reception signal acquired in step 205 from the
element data storage unit 20 and generates reception data
(acoustic ray signal) by performing reception focusing in a
direction that is further inclined by the angle 6 with respect to
the transmission beam, and the second detection processing
section 40D generates a B-mode image signal of the image B
for needle imaging by processing the acoustic ray signal.
[0220] In step 216, it is determined whether or not n=N.
That s, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process returns to step 210 to repeat the above
processing. When the determination is positive, the process
proceeds to step 218.
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[0221] Instep218,the combination processing sectiond0E
generates a display image of one frame by combining the
image A and the image B, which have been generated as
described above, by scan conversion. and the series of pro-
cesses are ended. A display image of the next frame is gen-
erated by performing the process from the processing of step
200.

[0222] InFIG. 13, the case has been described in which the
RF signal of one scanning line is generated using the element
reception signals of plural scanning lines. However, when one
of the element reception signals that share the transmission
focus is used in order to generate the RF signal of one scan-
ning line as in the first embodiment, processing shown in FIG.
14 may be performed instead of FIG. 13.

[0223] FIG. 14 is a flowchart showing an example of the
flow of the process when generating the RF signal of one
scanning line using one of the element reception signals that
share the transmission focus in the ultrasound diagnostic
device according to the third embodiment of the present dis-
closure. The same processing as in the first embodiment will
be described using the same reference numerals.

[0224] Instep 100, a scanning line n is reset (n=0), and the
process proceeds to step 102. In step 102, the scanning line n
is incremented by 1 (n=n+1), and the process proceeds to step
103.

[0225] In step 103, transmission focusing is performed in
the vertical direction without tilting the transmission beam to
acquire each element reception signal, and the process pro-
ceeds to step 106. That is, 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. Then, the ultrasound echo
generated by interaction between the transmitted ultrasound
beam and the subject is received by the probe 36, the analog
element signal is amplified by the receiving unit 16, the
amplified analog element signal is converted into digital ele-
ment data by the A/D conversion unit 18, and the digital
conversion element data is stored in the element data storage
unit 20.

[0226] 1Instep 106, the image A for tissue imaging is gen-
erated by performing reception focusing in the same direction
as the transmission beam for the reception signal of each
element, and the process proceeds to step 107. That is, the first
reception focusing section 40A acquires each element recep-
tion signal from the element data storage unit 20 and genet-
ates reception data (acoustic ray signal) by performing recep-
tion focusing in the vertical direction, and the first detection
processing section 40C generates a B-mode image signal of
the image A for tissue imaging by processing the acoustic ray
signal.

[0227] Instep 107, transmission focusing is performed by
tilting the transmission beam to acquire each element recep-
tion signal, and the process proceeds to step 108. That is,
according to the driving signal supplied from the transmission
unit 14, an ultrasound beam is transmitted from the probe 36.
In this case, unlike in step 103, the transmission beam is
transmitted so as to be inclined. Then, the ultrasound echo
generated by interaction between the transmitted ultrasound
beam and the subject is received by the probe 36, the analog
element signal is amplified by the receiving unit 16, the
amplified analog element signal is converted into digital ele-
ment data by the A/D conversion unit 18, and the digital
element data is stored in the element data storage unit 20.
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[0228] Instep 108, the image B for needle imaging is gen-
erated by performing reception focusing in a direction, which
is inclined by the angle 0 with respect to the transmission
beam (inclined transmission beam), for the reception signal
of each element, and the process proceeds to step 110. That is,
the second reception focusing section 40B acquires each ele-
ment reception signal obtained by the inclined transmission
beam from the element data storage unit 20 and generates
reception data (acoustic ray signal) by performing reception
focusing in a direction that is further inclined by the angle 6
with respect to the transmission beam, and the second detec-
tion processing section 40D generates a B-mode image signal
of the image B for needle imaging by processing the acoustic
ray signal.

[0229] In step 110, it is determined whether or not n=N.
That s, it is determined whether or not the above processing
has ended for all the scanning lines. When the determination
is negative, the process proceeds to step 102 to repeat the
above processing. When the determination is positive, the
process proceeds to step 112.

[0230] Instep 112, the combination processing section 40E
generates a display image of one frame by combining the
image A and the image B, which have been generated as
described above, by scan conversion, and the series of pro-
cesses are ended. A display image of the next frame is gen-
erated by performing the process from the processing of step
100.

[0231] Thus, the ultrasound diagnostic device according to
the third embodiment of the present disclosure requires two
ultrasound transmissions unlike in each of the embodiments
described above. Accordingly, it is possible to reliably visu-
alize a reflector, such as a needle at an angle that cannot be
visualized in each of the embodiments described above, other
than the tissue. Therefore, since a reflector, such as a needle,
can be reliably visualized, it is possible to compensate for the
disadvantages of the embodiments described above by per-
forming mode switching or the like when a reflector, such as
a needle, other than the tissue cannot be detected in the
embodiments described above.

Fourth Embodiment

[0232] Subsequently, an ultrasound diagnostic device
according to a fourth embodiment will be described.

[0233] Inthe fourth embodiment, reception focusing by the
second reception focusing section 40B when using a convex
type ultrasound probe in the third embodiment will be
described.

[0234] The reception focusing of the second reception
focusing section 40B when transmitting the transmission
beam, which is inclined by the angle ¢, using the convex type
ultrasound probe will be described.

[0235] First, a case in which specular reflection is not
assumed will be described with reference to FIGS. 15A and
15B.

[0236] Assuming that the scanning line i is inclined by the
angle ¢, X-direction and Y-direction distances DX and DY of
the reflection point in a direction, which is further inclined by
the angle 0, from the transmission focus are given by the
following equations (FIG. 15A).

DX=(VxTi-FD)xsin ($p+0)
DY=(VxTt-FD)xcos (¢+9)

Tt=T0/2
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[0237] Then, the X-direction and Y-direction distances of
the reflection point from the transmission focus of the scan-
ning line (i +k) are calculated.

[0238] First, the X-direction and Y-direction distances of
the transmission focus of the scanning line i with respect to
the transmission focus of the scanning line (i+k) are calcu-
lated from FIG. 15B. The x and y coordinates of the trans-
mission focus of the scanning line i with the convex center as
the origin are as follows.

x;=FDxsin ($)

v;=R+FDxcos ()

[0239] Here, R indicates the radius of the convex type ultra-
sound probe.
[0240] The scanning line (i+k) is inclined by the angle

kxEP with respect to the scanning line i. Accordingly, it can
be seen from FIG. 15B that the scanning line i is inclined by
the angle ¢ with respect to the y direction while the scanning
line (i+k) is inclined by p+kxEP with respect to the y direction
(here, EP is an angle between the scanning lines, and k is a
positive or negative value with the i-th scanning line as 0).
Therefore, the x and y coordinates of the transmission focus
of the scanning line (i+k) are expressed as follows.

X, = Rxsin (ki EP)+FDxsin (¢+kxEF)

Yisi=Rxcos (kxEP)+FDxcos (¢+kxEP)

[0241] Based on the above equations, the X-direction and
Y-direction distances of the transmission focus of the scan-
ning line 1 with respect to the transmission focus of the scan-
ning line (i+k) are calculated by the following equations.

X~¥Ak=FDxsin (¢)-Rxsin (;xEP)-FDxsin (¢+kxEP)

Vi~ Vi =R+FDxcos (§)-Rxcos (kxEP)-FDxcos (@+kx
EP)
[0242] Therefore, the X-direction distance DX2 and Y-di-
rection distance DY 2 ofthe reflection point with respect to the
transmission focus of the scanning line (i+k) are calculated by
the following equations.

DX2=DX+FDxsin (¢)-FDxsin (p+kxEP)—-Rxsin
(kxEP)

DY2=DY+FDxcos (§)-FDxcos (p+kxEP)+R—Rxcos
(f<EP).
[0243] It can be seen that the time until the acoustic wave
transmitted from the opening of the scanning line (i+k)
reaches the reflection point is as follows.

T12=(FD+sign(DY)xsqrt(DX22+DY 22))/V.

[0244] Here, when DY is negative, the acoustic wave
reaches the reflection point before forming the transmission
focus. Accordingly, sign(DY) is multiplied.

[0245] Onthe other hand, from FIG. 15B, itcan be seen that
the propagation time of the acoustic wave, which returns from
the reflection point to the j-th element (has a positive or
negative value with an element corresponding to the position
of the scanning line (i+k) as 0) of the opening of the scanning
line (i+k), is as follows.

Tr=squt(X2+ )V
[0246] Here, X=DX+FDxsin (¢)-Rxsin ((k+j)xEP), and
Y=DY+FDxcos (¢)+R-Rxcos ((k+j)xEP).

[0247] Here, EP is an angle between the scanning lines and
is also an angle between elements.
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[0248] Therefore, by adding up the signals of the respective
elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=XXELE(i+k, j, T)

T=T02+1r

[0249] Here, i+k indicates a scanning line, j indicates an
element, one of two Z indicates integration onk, and the other
2 indicates integration on j.

[0250] That is, when transmitting the transmission beam
that is inclined by the angle ¢ using the convex type ultra-
sound probe, reception focusing in a direction that is further
inclined by the angle 8 is performed so as to satisfy the
following equations.

RF(i, TO)=2XELE(i+#, j, T)

T=T+Tr

Tr=squt(X2+ )V

X=DX+FDxsin (¢p)-Rxsin ((k+/)xEP)
Y=DY+FDxcos (¢+R-Rxcos ((k+/)xEP)
T12=(FD+sign(DY)xsqut(DX2%+D¥2%))/V

DX2=DX+FDxsin (¢)-FDxsin (p+kx EP)—-Rxsin
(kxEP)

DY2=DY+FDxcos (¢)-FDxcos (p+ixEP)+R-Rxcos
(kxEP)

DX=(VxTt-FD)xsin (¢+6)
DY=(VxTt—-FD)xcos ($+0)

=102

[0251] Next, a case in which reception focusing is per-
formed in consideration of the fact that the reflected wave
from the needle becomes an acoustic wave equivalent to a
case in which a sound source is present at the symmetrical
position with the needle as a specular reflection surface will
be described with reference to FIGS. 16, 17A, and 17B.

[0252] Assuming that the scanning line i is inclined by the
angle ¢, distances DX and DY of the reflection point in a
direction, which is further inclined by the angle 8, from the
transmission focus are given by the following equations.

DX=(VxTt—-FD)xsin ($+8)
DY=(VxTt-FD)xcos (¢p+9)

Tr=1072

[0253] Then, a pseudo sound source is assumed at the sym-
metrical position of the transmission focus of the scanning
line i+k with respect to the needle, and distances DX3 and
DY3 from the transmission focus of the scanning line i+k to
the pseudo sound source are calculated.

[0254] For the above, first, DX2 and DY2 are calculated in
FIG. 17A (or FIG. 17B). Here, FIGS. 17A and 17B are
diagrams for explaining the method of calculating DX2 and
DY2, and FIG. 17B is an enlarged view of a portion sur-
rounded by the dotted line in FIG. 17A.

[0255] In order to calculate DX2 and DY?2, first, the dis-
tance of the arrow A in FIG. 17B is calculated. For the above,
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first, the distance between the transmission focus of the scan-
ning line i+k and the transmission focus of the scanning line
iand an angle f§ in FIG. 17B are calculated.

[0256] For the distance between the transmission focus of
the scanning line i+k and the transmission focus of the scan-
ning line 1, referring to FIG. 17A, it can be seen that the
triangle formed by the convex center and the transmission
focuses is an isosceles triangle having the convex center as its
apex. Assuming that the length of the side is Rb, it can be seen
that Rb is given by the following equation by the cosine
theorem.

Rb=sqrt(R2+FD?+2xRxFDxcos (¢))

[0257] In addition, from the fact that the angle of the apex
(convex center) of the isosceles triangle is kxEP, it can be seen
that the distance between the transmission focus of the scan-
ning line i+k and the transmission focus of the scanning line
iis given by the following equation.

2xRbxsin (kxEP/2)

[0258] Then, in order to calculate f§ in FIG. 17B, al, a2,
and a3 are calculated first.

[0259] Since al is the base angle of the isosceles triangle
described above, it can be seen that a1 is 90°—(kxEP/2).

[0260] From FIG. 17B, it can easily be seen that a2 is
90°-¢-6.
[0261] Itcan be seen that a3 is equal to a3 in FIG. 17A. In

addition, it can be seen that a3 in FIG. 17A is given by the
following equation since Rb/sin (180°-¢)=FD/sin (a3) is
satisfied by the sine theorem.

a3=arc sin (sin (¢)xFD/Rb)

[0262] From above, it can be seen that § is given by the
following equation.

p=180°-al-a2-a3

= (k XEP[2)+ ¢ + 0 — arcsin(sin(¢) X FD / Rb)

[0263] From above, it can be seen that the distance of the
arrow A in FIG. 17B is calculated by the following equation.

2xRbxsin (kxEP/2)xsin ()

[0264] From above, DX2 and DY?2 are given by the follow-
ing equations.

DX2=2xRbxsin (kxEP/2)xsin (B)xsin (¢+0)+DX

DY2=2xRbxsin (kxEP/2)xcos (p)xsin (¢+0)+DY

[0265] Here, p=(kxEP/2)+¢+0-arc sin (sin (¢)xFD/Rb),
and Rb=sqrt(R*+FD*+2xRxFDxcos (9)).

[0266] Since DX3 and DY3 are values obtained by dou-
bling DX2 and DY2, DX3 and DY?3 are expressed as follows.

DX3=2xDX2

DY3=2xDY2

[0267] The scanning line (i+k) is inclined by the angle
kxEP with respect to the scanning line i. Accordingly, it can
be seen from FIG. 17A that the scanning line 1 is inclined by
the angle ¢ with respect to the y direction, while the scanning
line (i+k) is inclined by p+kxEP with respect to the y direction
(here, k is a positive or negative value with the i-th scanning
line as 0).
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[0268] Therefore, the X-direction and Y-direction distances
of the transmission focus to the origin of the scanning line
(i+k) (center of the opening) are expressed as follows.

FDxsin (¢+kxEP)

FDxcos (p+kxEP)

[0269] In addition, it can also be seen from FIG. 17A that
the X-direction and Y-direction distances of the origin of the
scanning line (i+k) (center of the opening) to the j-th element
of the opening of the scanning line (i+k) are as follows.

Rx(sin (kxEP)-sin ((k+j)xEP))

Rx(cos (kxEP)-cos ((k+/))xEP))

[0270] From above, it can be seen that the propagation time
of the acoustic wave returning to the j-th element of the
opening of the scanning line (i+k) from the sound source is as
follows.

Tr=squt(X2+ )V

[0271] Here, X=DX3+FDxsin (¢p+kxEP)+Rx(sin (kxEP)-
sin ((k+j)xEP)), and Y=DY3+FDxcos (¢+kxEP)+Rx(cos
(kxEP)-cos ((k+j)xEP)).

[0272] Therefore, by adding up the signals of the respective
elements of each scanning line using the following equations,
it is possible to extract the reflected wave from the reflection
point, that is, it is possible to perform reception focusing.

RF(i, TO)=SSELE(i+k, j, T)
T=FD/V+Tr

[0273] Here, i+k indicates a scanning line, j indicates an
element, one of two Z indicates integration onk, and the other
2 indicates integration on j.

[0274] That is, when performing reception focusing in con-
sideration of the fact that the reflected wave from the needle
becomes an acoustic wave equivalent to a case in which a
sound source is present at the symmetrical position with the
needle as a specular reflection surface, the second reception
focusing section 40 B performs reception focusing so as to
satisfy the following equations.

RF(i, TO)=2ZELE(i+, j, T)
T=FD/V+1r
Tr=squt(X>+ )V

X=DX3+FDxsin (¢p+ixEP)+Rx(sin (kxEP)-sin ((k+
JIXEP))

Y=DY3+FDxcos (p+ixEP}+Rx(cos (kxEP)-cos ((k+
JIXEP)

DX3=2xDX2

DY3=2xD12

DX2=2xRbxsin (kxEP/2)xsin (B)xsin (¢+0)+DX
DY2=2xRbxsin (kxEP/2)xcos (p)xsin (¢+0)+DY
DX=(VxTt-FD)xsin (¢+6)

DY=(VxTt—-FD)xcos (¢+0)
[0275] Here, f=(kxEP/2)+¢+0-arc sin ( sin (¢)xFD/Rb)
Rb=sqrt(R>+FD?+2xRxFDxcos (§))
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[0276] In this case, as in the case of using the linear type
ultrasound probe, it is possible to improve the needle visual-
ization performance. However, the visualization performance
of the needle tip is reduced.

[0277] In addition, since the flow of the process performed
by the main part of the ultrasound diagnostic device accord-
ing to the fourth embodiment becomes the same process just
by replacing the ultrasound probe in the third embodiment
with a convex type ultrasound probe, the detailed explanation
thereof will be omitted.

[0278] Setting ¢=01n the above equations when performing
the reception focusing of the second reception focusing sec-
tion 40B in the fourth embodiment corresponds to a case in
which the transmission beam is not inclined. In addition, if
integration on k is not performed, one of element reception
signals that share the transmission focus is used.

[0279] In the case of the convex type ultrasound probe, the
direction of the transmission beam differs depending on each
scanning line. That is, the directions of the transmission
beams spaced apart from each other by n elements are differ-
ent by the angle nxEP. In consideration of the difference
between the transmission beam directions of the scanning
lines, 6 of each RF(i, TO) may be shifted so as to always
perform reception focusing in the same direction without
depending on the scanning line in the above equations. That
is, 0 may be set as 0+nxEP, . . ., 04EP, 0, 0-EP, . .., 0-nxEP
in reception focusing for generating RF(i-n, TO), .. . ,RF(i-1,
T0), RF(i, T0), RF(i+1, TO), . . ., RF(i+n, TO).

[0280] In each of the embodiments described above, the
direction of the reception focus is set to 6. When sticking the
needle in a state in which the needle is fixed to the needle
guide or the like, 8 determined by the fixture may be set in
advance through the operating unit 32 or the like. When
sticking the needle freehand, reception focusing may be per-
formed in plural directions to generate needle images, and an
image in which the needle is visualized best may be selected.
As a method of determining an image in which a needle is
visualized best, an image including the maximum brightness
or an image having the maximum average brightness in the
brightness distribution of a predetermined region in which it
is assumed that a needle is included, an image that is linearly
detected by the Hough transform or the like and has the
maximum brightness in the straight line, or the like may be
used.

[0281] Inaddition, an object to be visualized is not only the
needle but also any reflector causing specular reflection. That
is, in the reflector causing specular reflection, visualization
may be reduced since sufficient specular reflection does not
returnto the reception opening depending on the transmission
beam direction. However, as described above, using the fact
that acoustic waves formed by transmission focusing propa-
gate in various directions, it is possible to visualize the reflec-
tor satisfactorily without extra transmission.

[0282] In addition, each of the embodiments described
above is also effective for the visualization of a reflector that
does not cause specular reflection. That is, conventionally,
even when there is no reflector below the probe and transmis-
sion steering (transmission with the inclined transmission
beam) is required for visualization, visualization can be real-
ized without performing extra transmission steering in vari-
ous directions using the fact that acoustic waves formed by
transmission focusing propagate not only to a region below
the probe but also to the reflector. In this case, since the
acoustic wave that spreads is used, the image quality is
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degraded compared with the transmission steering. However,
it is possible to improve the image quality by using plural
pieces of element data as in the second embodiment.

[0283] Although the case of generating an image of the
needle has been described in each of the above embodiments,
the present disclosure is effective not only for the generation
of an image of the needle but also for the detection of the
direction of the needle. That is, it can be determined that, after
generating needle images by performing reception focusing
in plural directions, the needle is stuck in a direction perpen-
dicular to a direction in which an image having a needle
visualized best is obtained. Alternatively, it is also possible to
perform linear detection by the Hough transform or the like in
an image having a needle visualized satisfactorily and to
determine the direction of the straight line to be the direction
of the needle,

[0284] In each of the embodiments described above, the
generation of a B-mode image has been described. However,
the present disclosure is effective for Doppler image genera-
tion as well as the B-mode image generation.

[0285] In addition, the processes performed by the respec-
tive units in each of the embodiments described above may be
distributed as a program by being stored in various storage
media.

[0286] In addition, the configuration, operation, and the
like of the ultrasound diagnostic device described in each of
the embodiments are examples, 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 disclo-
sure.

[0287] 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 that generate and
transmit ultrasound waves and receive ultrasound waves
reflected from an inspection target;

a transmission unit that transmits ultrasound waves from
the plurality of elements so as to transmit an ultrasound
beam by forming a transmission focus in a predeter-
mined first direction; and

a second reception focusing unit that performs reception
focusing for each reception signal received by each ele-
ment of the probe according to reflection on a path in a
second direction other than the first direction, among
transmission wave paths of the ultrasound beam trans-
mitted into the inspection target by the transmission unit.

2. The ultrasound diagnostic device according to claim 1,

further comprising:

a first reception focusing unit that performs reception
focusing according to reflection on a path in the first
direction.

3. The ultrasound diagnostic device according to claim 2,

further comprising:

a combination unit that combines results of the reception
focusing of the first and second reception focusing units.

4. The ultrasound diagnostic device according to claim 1,

wherein the transmission unit transmits ultrasound waves
from the plurality of elements so as to transmit an ultra-
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sound beam by forming a transmission focus in the first
direction in each of two or more different openings of the
probe, and
the second reception focusing unit performs reception
focusing for the reception signal for each opening
according to a common reflection point in the second
direction.
5. The ultrasound diagnostic device according to claim 1,
wherein the second reception focusing unit performs
reception focusing based on a delay time set on an
assumption that each transmission wave converges and
diverges in a shape of a spherical wave in a shallower
region and a deeper region than the transmission focus.
6. The ultrasound diagnostic device according to claim 1,
wherein the second reception focusing unit assumes specu-
lar reflection at each point in the second direction,
assumes a sound source at a different point from the
point, and performs reception focusing for each point in
the second direction based on a delay time for the
assumed sound source.
7. The ultrasound diagnostic device according to claim 1,
further comprising:
adetermination unit that determines a direction of a needle
based on a result of the reception focusing of the second
reception focusing unit.
8. The ultrasound diagnostic device according to claim 1,
further comprising:
a designation unit that designates the second direction.
9. The ultrasound diagnostic device according to claim 8,
wherein the designation unit designates the second direc-
tion based on information related to a direction obtained
from a fixing portion that fixes a needle.
10. The ultrasound diagnostic device according to claim 8,
wherein the designation unit designates the second direc-
tion based on a result of last reception focusing per-
formed by the second reception focusing unit.
11. An ultrasound diagnostic method, comprising:
transmitting an ultrasound beam by forming atransmission
focus in a predetermined first direction from a plurality
of elements of a probe, the prove including the plurality
of elements that generate and transmit ultrasound waves
and receive ultrasound waves reflected from an inspec-
tion target; and
performing second reception focusing for each reception
signal received by each element of the probe according
to reflection on a path in a second direction other than the
first direction, among transmission wave paths of the
ultrasound beam transmitted into the inspection target.
12. The ultrasound diagnostic method according to claim
11, further comprising:
performing first reception focusing according to reflection
on a path in the first direction.
13. The ultrasound diagnostic method according to claim
12, further comprising:
combining results of the reception focusing of the first
reception focusing and the second reception focusing.
14. The ultrasound diagnostic method according to claim
11,
wherein the transmitting of the ultrasound beam further
includes transmitting the ultrasound beam from the plu-
rality of elements by forming a transmission focus in the
first direction in each of two or more different openings
of the probe, and
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the performing of the second reception focusing further
includes performing reception focusing for the reception
signal for each opening according to a common reflec-
tion point in the second direction.

15. The ultrasound diagnostic method according to claim
11,

wherein the performing of the second reception focusing

further includes performing reception focusing based on
adelay time set on an assumption that each transmission
wave converges and diverges in a shape of a spherical
wave in a shallower region and a deeper region than the
transmission focus.

16. The ultrasound diagnostic method according to claim
11,

wherein the performing of the second reception focusing

further includes assuming specular reflection at each
point in the second direction, assuming asound source at
a different point from the point, and performing recep-
tion focusing for each point in the second direction
based on a delay time for the assumed sound source.

17. The ultrasound diagnostic method according to claim
11, further comprising:

determining a direction of a needle based on a result of the

second reception focusing.

18. The ultrasound diagnostic method according to claim
11, further comprising:

designating the second direction.

19. The ultrasound diagnostic method according to claim
18,

wherein the designating of the second direction further

includes designating the second direction based on
information related to a direction obtained from a fixing
portion that fixes a needle.

20. The ultrasound diagnostic method according to claim
18,

wherein the designating of the second direction further

includes designating the second direction based on a
result of the second reception focusing that has been
performed last time.

21. A non-transitory storage medium storing an ultrasound
diagnostic program that causes a computer to execute pro-
cessing comprising:

transmitting an ultrasound beam by forming a transmission

focus in a predetermined first direction from a plurality
of elements of a probe, the probe including the plurality
of elements that generate and transmit ultrasound waves
and receive ultrasound waves reflected from an inspec-
tion target; and

performing second reception focusing for each reception

signal received by each element of the probe according
to reflection on a path in a second direction other than the
first direction, among transmission wave paths of the
ultrasound beam transmitted into the inspection target.
22. The storage medium according to claim 21,
wherein the processing further includes performing first
reception focusing according to reflection on a path in
the first direction.

23. The storage medium according to claim 22,

wherein the processing further includes combining results

of the reception focusing of the first reception focusing
and the second reception focusing.

24. The storage medium according to claim 21,

wherein the transmitting of the ultrasound beam further

includes transmitting the ultrasound beam from the plu-
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rality of elements by forming a transmission focus in the
first direction in each of two or more different openings
of the probe, and

the performing of the second reception focusing further
includes performing reception focusing for the reception
signal for each opening according to a common reflec-
tion point in the second direction.

25. The storage medium according to claim 21,

wherein the performing of the second reception focusing
further includes performing reception focusing based on
adelay time set on an assumption that each transmission
wave converges and diverges in a shape of a spherical
wave in a shallower region and a deeper region than the
transmission focus.

26. The ultrasound diagnostic program according to claim

21,

wherein the performing of the second reception focusing
further includes assuming specular reflection at each
point in the second direction, assuming a sound source at
a different point from the point, and performing recep-
tion focusing for each point in the second direction
based on a delay time for the assumed sound source.
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27. The ultrasound diagnostic program according to claim
21,
wherein the processing further includes determining a
direction of a needle based on a result of the second
reception focusing.
28. The ultrasound diagnostic program according to claim
21,
wherein the processing further includes designating the
second direction.
29. The ultrasound diagnostic program according to claim
28,
wherein the designating of the second direction further
includes designating the second direction based on
information related to a direction obtained from a fixing
portion that fixes a needle.
30. The ultrasound diagnostic program according to claim
28,
wherein the designating of the second direction further
includes designating the second direction based on a
result of the second reception focusing that has been
performed last time.
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