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ULTRASONIC DIAGNOSTIC DEVICE AND
ULTRASONIC IMAGE GENERATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2014/060963 filed on Apr. 17,
2014, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Patent Application No. 2013-175711 filed on Aug. 27,
2013. The above application is hereby expressly incorporated
by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic diag-
nostic device and an ultrasonic image generation method, and
in particular, to an ultrasonic diagnostic device and an ultra-
sonic image generation method for generating an ultrasonic
image by performing reception focusing in a different direc-
tion from the transmission direction of an ultrasonic beam.
[0004] 2. Description of the Related Art

[0005] Conventionally, in the medical field, an ultrasonic
diagnostic device using an ultrasonic image has been put into
practical use. In general, this kind of ultrasonic diagnostic
device generates an ultrasonic image by transmitting an ultra-
sonic beam toward a subject from the ultrasonic probe,
receiving an ultrasonic echo from the subject using the ultra-
sonic probe, and electrically processing the reception signal.
[0006] In such an ultrasonic diagnostic device, a tomo-
graphic image of the inside of the subject located immedi-
ately below the probe cannot be observed in real time.
Accordingly, for example, when inserting the needle to the
target location in the subject, an ultrasonic image of the inside
of the subject is generated by placing the probe immediately
above a target location and the needle is obliquely inserted
toward the target location from the vicinity of the probe, so
that the needle is inserted while checking the position of the
needle in the subject on an ultrasonic image.

[0007] However, in general, the surface of the needle is
smooth. Accordingly, an ultrasonic beam having propagated
through the subject from the probe is likely to be regularly
reflected on the surface of the needle. In addition, since the
needle is obliquely inserted toward the target location, it may
be difficult to visualize the needle by capturing the specular
reflection of the ultrasonic beam transmitted in the normal
direction of the probe in the reception opening of the probe.

[0008] Therefore, visualizing the needle by transmitting an
ultrasonic beam in a direction perpendicular to the needle
instead of the normal direction of the probe and performing
reception focusing has been known.

[0009] For example, JP2012-213606A discloses an ultra-
sonic diagnostic device that generates a first image by trans-
mitting and receiving an ultrasonic beam in a first direction
perpendicular to the element surface of a probe for the pur-
pose of tissue imaging, generates a second image group by
transmitting and receiving an ultrasonic beam in a plurality of
second directions, which are different from the direction per-
pendicular to the element surface, for the purpose of needle
imaging, generates an image in which a needle is visualized
by analyzing the second image group, and combines the
image with the first image.
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[0010] According to the device disclosed in JP2012-
213606A, since a direction perpendicular to the needle is
included in the plurality of second directions, it is possible to
generate an ultrasonic image in which the needle is satisfac-
torily visualized.

SUMMARY OF THE INVENTION

[0011] In the device disclosed in JP2012-213606A, how-
ever, since the transmission of an ultrasonic beam in a first
direction for tissue imaging and multiple transmissions of an
ultrasonic beam in a second direction for needle imaging are
required, there has been a problem that the frame rate is
reduced.

[0012] Therefore, for example, a method of generating a
tissue image by performing reception focusing in the normal
direction of the probe for reception signals obtained by trans-
mitting ultrasonic beams in the normal direction of the probe
and generating a needle image by performing reception
focusing in a direction perpendicular to the needle has been
devised by the applicant. According to this method, it is
possible to generate both a tissue image and a needle image
with one transmission of ultrasonic beams.

[0013] However, since the ultrasonic beam is transmitted in
the normal direction of the probe, both the strength of the
ultrasonic wave transmitted in the direction of the needle
from each element of the probe and the signal strength when
each element receives the reflected wave from the needle are
lower than the strength of the ultrasonic wave transmitted in
the normal direction ofthe probe and the signal strength when
the reflected wave is received from the normal direction. As a
result, since the S/N ratio of the image is reduced, there is a
possibility that it becomes difficult to visualize the needle
clearly.

[0014] The present invention has been made in order to
solve such a conventional problem, and it is an object of the
present invention to provide an ultrasonic diagnostic device
and an ultrasonic image generation method capable of gen-
erating a clear ultrasonic image even if reception focusing is
performed in a different direction from the transmission
direction of the ultrasonic beam.

[0015] An ultrasonic diagnostic device according to the
present invention includes: a probe including a plurality of
elements that are arranged; a transmission unit that transmits
an ultrasonic beam by performing transmission focusing in a
first direction from the plurality of elements of the probe; a
reception unit that generates element data by processing
reception signals output from the plurality of elements of the
probe that has received an ultrasonic echo generated by the
ultrasonic beam transmitted from the transmission unit; an
element data processing unit that generates reflection com-
ponent removal data by removing a reflection component
generated from the first direction from the element data; an
image generation unit that generates an ultrasonic image by
performing reception focusing for the element data; and a
control unit that controls the image generation unit to gener-
ate an image signal along a second direction different from
the first direction by performing reception focusing in the
second direction for the reflection component removal data
generated by the element data processing unit.

[0016] The transmission unit can form at least two focuses
at different positions in the first direction to sequentially
transmit a plurality of ultrasonic beams, and the element data
processing unit can be configured to generate the reflection
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component removal data from a plurality of pieces of element
data generated by the reception unit corresponding to the
plurality of ultrasonic beams.

[0017] Inthis case, the element data processing unit gener-
ates the reflection component removal data by taking a dif-
ference between the plurality of pieces of element data.
[0018] In addition, when taking a difference between the
plurality of pieces of element data, the element data process-
ing unit can take a difference after giving weighting to any
oneofthe plurality of pieces of element data or to the plurality
of pieces of element data.

[0019] The element data processing unit can be configured
to generate overlapping-processed data in which a reflection
component generated from the first direction is emphasized
by overlapping a predetermined number of pieces of element
data generated by the reception unit with each other by phase
matching corresponding to the predetermined number of con-
secutive scanning lines and generate the reflection component
removal data using the overlapping-processed data.

[0020] Inthis case, the element data processing unit gener-
ates the reflection component removal data by taking a dif-
ference between the element data by the plurality of elements
generated by the reception unit and the overlapping-pro-
cessed data.

[0021] When taking a difference between the element data
by the plurality of elements generated by the reception unit
and the overlapping-processed data, the element data pro-
cessing unit can take a difference after giving weighting to
either the element data by the plurality of elements generated
by the reception unit or the overlapping-processed data or to
both the element data by the plurality of elements generated
by the reception unit and the overlapping-processed data.
[0022] The element data processing unit may be configured
to generate simulation data indicating a reflected wave gen-
erated from the first direction by simulation and generate the
reflection component removal data using the simulation data.
[0023] Inthis case, the element data processing unit gener-
ates the reflection component removal data by taking a dif-
ference between the element data by the plurality of elements
generated by the reception unit and the simulation data.
[0024] When taking a difference between the element data
by the plurality of elements generated by the reception unit
and the simulation data, the element data processing unit can
take a difference after giving weighting to either the element
data by the plurality of elements generated by the reception
unit or the simulation data or to both the element data by the
plurality elements generated by the reception unit and the
simulation data.

[0025] It is preferable that the image generation unit
includes: a tissue image generation section that generates an
image signal for tissue imaging along the first direction by
performing reception focusing in the first direction for the
element data; and a needle image generation section that
generates an image signal for needle imaging along the sec-
ond direction by performing reception focusing in the second
direction for the reflection component removal data.

[0026] It is preferable to further include an image combi-
nation unit that combines the image signal for tissue imaging
generated by the tissue image generation section and the
image signal for needle imaging obtained by the needle image
generation section. In addition, it is preferable to include a
display unit that displays an image signal obtained by com-
bination of the image combination unit.
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[0027] 1In addition, it is also possible to include a display
unit that displays an ultrasonic image generated by the image
generation unit.

[0028] An ultrasonic image generation method according
to the present invention includes: transmitting an ultrasonic
beam by performing transmission focusing in a first direction
from a plurality of elements of a probe; generating element
data by processing reception signals output from the plurality
of elements of the probe that has received an ultrasonic echo
generated by the ultrasonic beam; generating reflection com-
ponent removal data by removing a reflection component
generated from the first direction from the element data; and
generating an ultrasonic image along a second direction dif-
ferent from the first direction by performing reception focus-
ing in the second direction for the reflection component
removal data.

[0029] According to the present invention, element data is
generated by transmitting an ultrasonic beam by performing
transmission focusing in the first direction, reflection compo-
nent removal data is generated by removing a reflection com-
ponent generated from the first direction from the element
data, and an ultrasonic image along the second direction
different from the first direction is generated by performing
reception focusing in the second direction for the reflection
component removal data. Therefore, even if reception focus-
ing is performed in a different direction from the transmission
direction of the ultrasonic beam, it is possible to generate a
clear ultrasonic image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 11s ablock diagram showing the configuration
ofan ultrasonic diagnostic device according to a first embodi-
ment of the present invention.

[0031] FIG. 2is a diagram showing the configuration of an
element data processing unit in the first embodiment.

[0032] FIG. 3 is a diagram showing a state of transmission
of the ultrasonic wave in the first embodiment.

[0033] FIGS. 4A-4C are diagrams schematically showing
first element data, second element data, and reflection com-
ponent removal data that are obtained in the first embodiment,
respectively.

[0034] FIG. 5 is a flowchart showing the operation in the
first embodiment.

[0035] FIG. 6is a diagram showing the configuration of an
element data processing unit in a second embodiment.

[0036] FIG.7Aisadiagram showing five pieces of element
data when a central element of a transmission opening is set as
a first observed element, FIG. 7B is a diagram showing a
delay time of a receiving time for an element data correspond-
ing to the first observed element, FIG. 7C shows an overlap-
ping-processed data for the element data corresponding to the
first observed element, FIG. 7D is a diagram showing five
pieces of element data when an element adjacent to the left
side of the central element is set as a second observed ele-
ment, FIG. 7E is a diagram showing a delay time of a receiv-
ing time for an element data corresponding to the second
observed element, FIG. 7F shows an overlapping-processed
data for the element data corresponding to the second
observed element, FIG. 7G shows an overlapping state for
three consecutive pieces of element data, and FIG. 7H shows
aresult of overlapping processing in the second embodiment.



US 2016/0206289 A1

[0037] FIGS. 8A-8C are diagrams schematically showing
element data, overlapping-processed data, and reflection
component removal data that are obtained in the second
embodiment, respectively .

[0038] FIG. 9 is a flowchart showing the operation in the
second embodiment.

[0039] FIG.10 is adiagram showing the configuration ofan
element data processing unit in a third embodiment.

[0040] FIG. 11 is a flowchart showing the operation of
simulation processing in the third embodiment.

[0041] FIGS. 12A-12C are diagrams schematically show-
ing element data, simulation data, and reflection component
removal data that are obtained in the third embodiment,
respectively.

[0042] FIG. 13 is a flowchart showing the operation in the
third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying dia-
grams.

First Embodiment

[0044] FIG. 1 shows the configuration of an ultrasonic
diagnostic device according to a first embodiment of the
present invention. The ultrasonic diagnostic device includes a
probe 1, and a transmission unit 2 and a reception unit 3 are
connected to the probe 1. A tissue image generation unit 4 and
an element data memory 5 are connected in parallel to the
reception unit 3, and a needle image generation unit 7 is
connected to the element data memory 5 through an element
data processing unit 6. An image combination unit 8 is con-
nected to the tissue image generation unit 4 and the needle
image generation unit 7, and a display unit 10 is connected to
the image combination unit 8 through a display control unit 9.
[0045] The control unit 11 is connected to the transmission
unit 2, the reception unit 3, the tissue image generation unit 4,
the element data memory 5, the element data processing unit
6, the needle image generation unit 7, the image combination
unit 8, and the display control unit 9. An operation unit 12 and
a storage unit 13 are connected to the control unit 11.

[0046] The tissue image generation unit 4 serves to gener-
ate a tissue image of the subject, which is located immediately
below the probe 1, and includes a first reception focusing
section 21 connected to the reception unit 3 and a detection
processing section 22 and an image memory 23 that are
sequentially connected to the first reception focusing section
21. The detection processing section 22 and the image
memory 23 are connected to the image combination unit 8.
[0047] On the other hand, the needle image generation unit
7 serves to generate an ultrasonic image of a needle inserted
into the subject, and has the same configuration as the tissue
image generation unit 4. That is, the needle image generation
unit 7 includes a second reception focusing section 31 con-
nected to the element data processing unit 6 and a detection
processing section 32 and an image memory 33 that are
sequentially connected to the second reception focusing sec-
tion 31, and the detection processing section 32 and the image
memory 33 are connected to the image combination unit 8.
[0048] The probe 1 includes a plurality of elements
arranged in a one-dimensional or two-dimensional manner.
Each of these elements is an ultrasonic transducer, and trans-
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mits an ultrasonic wave according to the driving signal sup-
plied from the transmission unit 2, receives an ultrasonic echo
from the subject, and outputs a reception signal. For example,
each ultrasonic transducer is formed by a transducer in which
electrodes are formed at both ends of the piezoelectric body
formed of piezoelectric ceramic represented by lead zirconate
titanate (PZT), a polymer piezoelectric element represented
by polyvinylidene fluoride (PVDF), piezoelectric single crys-
tal represented by lead magnesium niobate-lead titanate
(PMN-PT), or the like, and has an ultrasonic wave transmit-
ting and receiving surface with a predetermined area.

[0049] When a pulsed or continuous-wave voltage is
applied to the electrodes of the transducer, the piezoelectric
body expands and contracts to generate pulsed or continuous-
wave ultrasonic waves from each transducer. By a combina-
tion of these ultrasonic waves, an ultrasonic beam is formed.
In addition, the respective transducers expand and contract by
receiving the propagating ultrasonic waves, thereby generat-
ing electrical signals. These electrical signals are output as
reception signals of the ultrasonic waves.

[0050] The transmission unit 2 includes a plurality of pulse
generators, for example. Based on a transmission delay pat-
tern selected according to the control signal from the control
unit 11, the transmission unit 2 adjusts the amount of delay of
each driving signal so that ultrasonic waves emitted from the
plurality of elements of the probe 1 form an ultrasonic beam
to be transmitted in a first direction, and supplies the adjusted
signals to the plurality of elements. Here, the first direction is
set to the normal direction of the element surface of the probe
1

[0051] The reception unit 3 generates digitized element
data by amplifying the reception signal output from each
element of the probe 1 and performing A/D conversion.
[0052] The first reception focusing section 21 of the tissue
image generation unit 4 performs reception focusing in the
first direction, that is, in the normal direction of the element
surface of the probe 1 by generating delay correction data by
performing delay correction for the element data generated
by the reception unit 3 and adding up the pieces of delay
correction data. Through the reception focusing processing, a
sound ray signal for tissue imaging with narrowed focus of
the ultrasonic echo is generated.

[0053] The detection processing section 22 generates a
B-mode image signal for tissue imaging by correcting the
attenuation due to the distance according to the depth of the
reflection position of the ultrasonic wave for the sound ray
signal generated by the first reception focusing section 21 and
then performing envelope detection processing, and outputs
the B-mode image signal to the image combination unit 8 or
stores the B-mode image signal in the image memory 23.
[0054] The element data memory 5 stores the element data
generated by the reception unit 3, and outputs the element
data to the element data processing unit 6.

[0055] Theelement data processing unit 6 generates reflec-
tion component removal data by removing reflection compo-
nents, which are generated from the normal direction of the
element surface of the probe 1 that is the first direction, from
the element data generated by the reception unit 3. In the first
embodiment, as shown in FIG. 2, the element data processing
unit 6 is formed by a difference calculation section 41 con-
nected to the element data memory 5.

[0056] The second reception focusing section 31 of the
needle image generation unit 7 performs reception focusing
in a second direction, which is different from the first direc-
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tion, by generating delay correction data by performing delay
correction for the reflection component removal data genet-
ated by the element data processing unit 6 and adding up the
pieces of delay correction data. Here, the second direction is
set to a direction perpendicular to the needle inserted into the
body of the subject. Through the reception focusing process-
ing, a sound ray signal for needle imaging with narrowed
focus of the ultrasonic echo is generated.

[0057] The detection processing section 32 generates a
B-mode image signal for needle imaging by correcting the
attenuation due to the distance according to the depth of the
reflection position of the ultrasonic wave for the sound ray
signal generated by the second reception focusing section 31
and then performing envelope detection processing, and out-
puts the B-mode image signal to the image combination unit
8 or stores the B-mode image signal in the image memory 33.
[0058] The image combination unit 8 converts (raster con-
version) the B-mode image signal for tissue imaging output
from the tissue image generation unit 4 and the B-mode image
signal for needle imaging output from the needle image gen-
eration unit 5 into image signals according to the normal
television signal scanning method and performs various kinds
of required image processing, such as gradation processing,
and then combines the B-mode image signal for tissue imag-
ing and the B-mode image signal for needle imaging. The
display control unit 9 displays an ultrasonic image on the
display unit 10 based on the B-mode image signal combined
by the image combination unit 8.

[0059] The display unit 10 includes, for example, a display
device, such as an LCD, and displays an ultrasonic image
under the control of the display control unit 9.

[0060] The control unit 11 controls each unit of the ultra-
sonic diagnostic device based on the instruction input from
the operating unit 12 by the operator.

[0061] The operation unit 12 is used when the operator
performs an input operation, and can be formed by a key-
board, a mouse, a trackball, a touch panel, and the like.

[0062] The storage unit 13 stores an operation program and
the like, and recording media, such as a hard disk, a flexible
disk, an MO, an MT, aRAM, a CD-ROM, a DVD-ROM, an
SD card, a CF card, and a USB memory, or a server may be
used.

[0063] The element data processing unit 6, the first recep-
tion focusing section 21 and the detection processing section
22 of the tissue image generation unit 4, the second reception
focusing section 31 and the detection processing section 32 of
the needle image generation unit 7, the image combination
unit 8, and the display control unit 9 are formed by using a
CPU and an operation program causing the CPU to execute
various kinds of processing. However, these may be formed
by using digital circuits.

[0064] A method of transmitting and receiving an ultra-
sonic wave in the first embodiment will be described. As
shown in FIG. 3, it is assumed that a needle N is inserted at an
angle 0 from the vicinity of the probe 1 in a state in which the
probe 1 is in contact with the body surface of a subject S.

[0065] First, a first transmission focus F1 is formed at a
predetermined depth in the first direction D1 that is the nor-
mal direction of the element surface of the probe 1, and a first
ultrasonic beam is transmitted toward the first direction D1 by
the transmission unit 2. Then, the first ultrasonic beam propa-
gates through the subject S with a predetermined spread after
converging on the first transmission focus F1.
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[0066] Inthis case, a transmission wave toward a reflection
point C present in the first direction D1 through the first
transmission focus F1 from the probe 1 propagates along a
path RO parallel to the first direction D1, and a reflected wave
from the reflection point C is received by each element of the
probe 1. In addition, a transmission wave traveling in the
second direction D2 perpendicular to the needle N through
the first transmission focus F1 from the probe 1 propagates
along a path R1, and a reflected wave from the surface of the
needle N is received by each element of the probe 1.

[0067] Then, a second transmission focus F2 is formed at a
position, which is in the first direction D1 and is deeper than
the first transmission focus F1, and a second ultrasonic beam
is transmitted toward the first direction D1 by the transmis-
sion unit 2. Then, the second ultrasonic beam propagates
through the subject S with a predetermined spread after con-
verging on the second transmission focus F2.

[0068] In this case, a transmission wave toward the reflec-
tion point C present in the first direction D1 through the
second transmission focus F2 from the probe 1 propagates
along the same path R0 as the first ultrasonic beam, and a
reflected wave from the reflection point C is received by each
element of the probe 1. On the other hand, a transmission
wave traveling in the second direction D2 perpendicular to the
needle N through the second transmission focus F2 from the
probe 1 propagates along a path R2, and a reflected wave from
the surface of the needle N is received by each element of the
probe 1.

[0069] By sequentially transmitting the first ultrasonic
beam and the second ultrasonic beam for each scanning line
as described above while moving the scanning line in the
arrangement direction of the elements of the probe 1, first
element data and second element data are generated by the
reception unit 3.

[0070] FIGS. 4(A) and 4(B) show the first element data
acquired by transmission of the first ultrasonic beam and the
second element data acquired by transmission of the second
ultrasonic beam, respectively. A reflected wave H1 from the
first direction D1 and a reflected wave H2 from the needle N
are included in the first element data. Similarly, the reflected
wave H1 from the first direction D1 and the reflected wave H2
from the needle N are included in the second element data.
[0071] Here, for the reflection point C present in the first
direction D1, since the ultrasonic wave propagates by the
same propagation length along the same path R0 both when
transmitting and receiving the first ultrasonic beam and when
transmitting and receiving the second ultrasonic beam, the
reflected wave H1 from the first direction D1 is present at the
same time position (depth position) in the first element data
and the second element data.

[0072] On the other hand, for the needle N, when transmit-
ting and receiving the first ultrasonic beam and when trans-
mitting and receiving the second ultrasonic beam, the paths
R1 and R2 of the transmission wave are different and the
paths of the reflected wave are different. Accordingly, the
reflected wave H2 from the needle N is present at different
time positions (depth positions) in the first element data and
the second element data.

[0073] Therefore, it is possible to remove the reflected
wave H1 from the first direction D1 while leaving the
reflected wave H2 from the needle N by taking the difference
between the first element data and the second element data by
the difference calculation section 41 that forms the element
data processing unit 6. In this case, both the reflected wave H2
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from the needle N in the first element data and the reflected
wave H2 from the needle N in the second element data are left.
However, for example, by removing the reflected wave H2
from the needle N in the second element data, reflection
component removal data including the reflected wave H2
from the needle N is generated as shown in FIG. 4(C). Alter-
natively, it is also possible to generate reflection component
removal data by combining the reflected wave H2 from the
needle N in the first element data and the reflected wave H2
from the needle N in the second element data.

[0074] For example, in difference data obtained by taking
the difference between the first element data and the second
element data, a plurality of straight lines may be extracted by
performing Hough conversion. Then, when one straight line
and another long straight line parallel to the straight line are
found, one of the straight lines may be removed. That s, in the
difference data, the difference value of the linear portion to be
removed may be replaced with zero. When removing one of
the straight lines, it is preferable to leave a side on which a
pattern of the similar linear shape is present at the same
position of the first element data. Since the first element data
and the second element data also include reflected waves
from objects other than the needle, it is needless to say that the
above-described processing may be performed after perform-
ing processing for reducing or smoothing the first element
data and the second element data.

[0075] By performing reception focusing in the second
direction D2 for the reflection component removal data, it is
possible to generate a needle image having an excellent S/N
ratio without being influenced by the reflected wave H1 from
the first direction D1.

[0076] As shown in FIG. 3, in the case of a so-called linear
type probe in which a plurality of elements of the probe 1 are
linearly arrayed, normal directions of the respective elements
are parallel to each other. Accordingly, it is preferable to set
the first direction D1 to the normal direction. However, in a
so-called convex type probe in which a plurality of elements
are arrayed in a curved shape, the normal directions of the
respective elements are different. In this case, the first direc-
tion D1 can be set to the normal direction of each element.
[0077] In addition, the second direction D2 does not nec-
essarily need to be set to a direction perpendicular to the
needle N, and may be set to a direction toward the needle N
rather than the first direction D1, that is, a direction having an
angle close to the right angle with respect to the needle N
rather than the normal direction of each element.

[0078] Next, an operation in the first embodiment will be
described with reference to the flowchart shown in FIG. 5.
[0079] In the first embodiment, it is assumed that a tissue
image in the normal direction of the element surface of the
probe 1 and a needle image in a direction perpendicular to the
needle N are generated by setting n scanning lines L1 to Ln
and performing a scan.

[0080] First, in step S1, the scanning line L1 is initialized to
L1.Instep S2, for the first scanning line L1, a reception signal
is acquired by performing transmission focusing on the first
transmission focus F1 at a predetermined depth in the normal
direction of the element surface of the probe 1 that is the first
direction D1, and the first element data is acquired by the
reception unit 3. That is, according to the driving signal sup-
plied from the transmission unit 2, transmission focusing is
performed on the first transmission focus F1 from a plurality
of elements that form a transmission opening corresponding
to the scanning line [1, and an ultrasonic beam is transmitted.
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Then, a reception signal output from each element, which is
obtained by receiving the reflected wave from the subject, is
amplified and digitized by the reception unit 3, and is stored
in the element data memory 5.

[0081] Then, in step S3, for the same first scanning line,
transmission focusing is performed on the second transmis-
sion focus F2, which is in the first direction D1 and is at a
different depth position from the first transmission focus F1,
and second element data is acquired by the reception unit 3
and is stored in the element data memory 5.

[0082] Then, in step S4, it is determined whether or not i=n,
that is, it is determined whether or not the acquisition of the
first element data and the second element data has been com-
pleted for all of the n scanning lines L1 to Ln.

[0083] Here, since the value of i is still “1”, the process
proceeds to step S5 to set the value of 1 to “2” by increasing the
value of i by “1”, and then the process returns to step S2.
Through steps S2 and S3, first element data and second ele-
ment data corresponding to the second scanning line L2 are
acquired, and are stored in the element data memory 5.
[0084] Similarly, until i=n, the value of1is increased by 1 in
a sequential manner, and steps S2 and S3 are repeated.
[0085] When the acquisition of the first element data and
the second element data is completed for all of the n scanning
lines L1 to Ln as described above, the process proceeds to step
S6 from step S4. In step S6, the difference calculation section
41 that forms the element data processing unit 6 calculates a
difference between the first element data and the second
element data for the scanning lines LI to Ln stored in the
element data memory 5, thereby generating reflection com-
ponent removal data in which the reflected wave H1 from the
first direction D1 has been removed. In this case, in the
difference calculation, either the first element data or the
second element data or both the first element data and the
second element data may be weighted to perform a difference
calculation.

[0086] Then, in step S7, a needle image is generated by
performing reception focusing in a direction perpendicular to
the needle N, which is the second direction D2, for the reflec-
tion component removal data generated by the difference
calculation section 41.

[0087] That is, the second reception focusing section 31 of
the needle image generation unit 7 generates delay correction
data by performing delay correction for the reflection com-
ponent removal data so that reception focusing is performed
in a direction perpendicular to the needle N, and generates a
sound ray signal for needle imaging by adding up the pieces
of delay correction data. The detection processing section 32
generates a B-mode image signal for needle imaging by per-
forming envelope detection processing on the sound ray sig-
nal, and the B-mode image signal for needle imaging is stored
in the image memory 33.

[0088] Instep S8, atissue image is generated by performing
reception focusing in the normal direction of the element
surface of the probe 1, which is the first direction D1, for the
first element data regarding the scanning lines L1 to Ln stored
in the element data memory 5.

[0089] That is, the first reception focusing section 21 of the
tissue image generation unit 4 generates delay correction data
by performing delay correction for each piece of the first
element data so that reception focusing is performed in the
normal direction of the element surface, and generates a
sound ray signal for tissue imaging by adding up the pieces of
delay correction data. The detection processing section 22
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generates a B-mode image signal for tissue imaging by per-
forming envelope detection processing on the sound ray sig-
nal, and the B-mode image signal for tissue imaging is stored
in the image memory 23.

[0090] Then, in step S9, the B-mode image signal of the
tissue image stored in the image memory 23 of the tissue
image generation unit 4 and the B-mode image signal of the
needle image stored in the image memory 33 of the needle
image generation unit 7 are raster-converted by the image
combination unit 8, and are combined with each other after
various kinds of image processing is performed. As aresult, a
B-mode image signal of the display image is generated.
[0091] The B-mode image signal of the display image is
output to the display control unit 9 from the image combina-
tion unit 8, and an ultrasonic image in which the tissue image
and the needle image are combined is displayed on the display
unit 10.

[0092] Theelement data processing unit 6 generates reflec-
tion component removal data by removing the reflected wave
H1 from the first direction D1, and the second reception
focusing section 31 of the needle image generation unit 7
performs reception focusing in the second direction D2 for
the reflection component removal data. Therefore, even if the
reception focusing is performed in the second direction D2,
which is different from the first direction D1 that is the trans-
mission direction of the ultrasonic beam, it is possible to
generate a clear needle image having an excellent S/N ratio
without being influenced by the reflected wave H1 from the
first direction D1.

[0093] In the first embodiment described above, the acqui-
sition of the first element data and the second element data is
completed for all of the n scanning lines 1 to Ln in steps S1
to S5, and then the reflection component removal data is
generated in step S6, and the needle image and the tissue
image are generated by performing reception focusing in
steps S7 and S8. However, the present invention is not limited
thereto. For example, whenever the first element data and the
second element data are acquired for each scanning line L1,
reflection component removal data corresponding to the scan-
ning line Li may be generated using the first element data and
the second element data, and a needle image and a tissue
image corresponding to the scanning line L1 may be gener-
ated. When a needle image and a tissue image are generated
for each of all of the scanning lines .1 to Ln, the needle image
and the tissue image are combined.

Second Embodiment

[0094] FIG. 6 shows the internal configuration of an ele-
ment data processing unit 6 A used in an ultrasonic diagnostic
device according to a second embodiment. The ultrasonic
diagnostic device has the same configuration as the ultrasonic
diagnostic device of the first embodiment shown in FIG. 1
except that the element data processing unit 6A is used
instead of the element data processing unit 6.

[0095] The element data processing unit 6A includes an
overlapping processing section 42 connected to the element
data memory 5, and a difference calculation section 43 is
connected to both the overlapping processing section 42 and
the element data memory 5 and a delay time calculation
section 44 is connected to the overlapping processing section
42. The difference calculation section 43 is connected to the
second reception focusing section 31 of the needle image
generation unit 7.
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[0096] The overlapping processing section 42 performs
overlapping processing for overlapping a predetermined
number of pieces of element data, which are generated by the
reception unit 3 corresponding to a predetermined number of
consecutive elements of the probe 1, with each other by phase
matching. The difference calculation section 43 generates
reflection component removal data by taking the difference
between the overlapping-processed data generated by the
overlapping processing section 42 and the element data stored
in the element data memory 5.

[0097] The delay time calculation section 44 calculates a
delay time between the pieces of element data required for the
overlapping processing in the overlapping processing section

[0098] In the overlapping processing of the overlapping
processing section 42, the transmission focus ofthe ultrasonic
beam is regarded as a virtual sound source, a delay difference
between the arrival times of reflection points in respective
scanning lines is calculated from the geometric propagation
length from the sound source to each reflection point, and the
signal on each scanning line is emphasized by adding up the
pieces of element data of the plurality of scanning lines by
correcting the delay difference.

[0099] Here, the overlapping processing will be described
with reference to FIG. 7.

[0100] It is assumed that processing for overlapping three
consecutive pieces of element data with each other, among
five pieces of element data corresponding to five consecutive
scanning lines, is performed.

[0101] FIG. 7(a) shows a state in which five pieces of
element data corresponding to five consecutive scanning lines
are displayed side by side and an ultrasonic beam is transmit-
ted and the reflected wave is received. The horizontal axis of
each piece of element data indicates an element that receives
areflected wave, and is displayed with a central element of the
transmission opening of the ultrasonic beam in each piece of
element data at the center. The vertical axis indicates a receiv-
ing time.

[0102] Among the five pieces of element data, in the central
piece of element data, a reflection point is present immedi-
ately below the central element of the opening, and the
reflected wave from the reflection point is received. That is,
the reflected wave is a true signal, and the central element data
indicates a true signal.

[0103] Forthe two pieces of element data displayed on both
sides of the central piece of element data, no reflection point
is present immediately below the central element of the trans-
mission opening. However, due to the spread of the transmit-
ted ultrasonic beam, a reflected wave generated by emitting
an ultrasonic beam to the reflection point present immediately
below the central element in the central piece of element data,
that is, a ghost signal, is reflected. Since the propagation time
of the ultrasonic wave to the reflection point increases as a
distance from the true signal increases, the receiving time of
the ghost signal is delayed from that of the true signal.
[0104] In addition, the receiving element that receives the
reflected wave from the reflection point first is an element
located immediately above the reflection point. However, the
horizontal axis of element data is displayed with the central
element of the transmission opening of the ultrasonic beam in
the corresponding scanning line at the center, and the trans-
mission of an ultrasonic beam is performed by shifting the
central element by one element for each scanning line. For
this reason, in element data corresponding to each scanning
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line, the absolute position of the element is shifted by one
element. That is, among the five pieces of element data, in the
central piece of element data, the receiving element that
receives the reflected wave from the reflection point first is an
element located at the center. However, in pieces of element
data adjacent to both sides of the central piece of element data,
the receiving element that receives the reflected wave from
the reflection point first is shifted by one element from the
central piece of element data. Accordingly, the receiving ele-
ment that receives the reflected wave from the reflection point
firstis shifted by one element to the left in the piece of element
data adjacent to the right side of the central piece of element
data, and is shifted by one element to the right in the piece of
element data adjacent to the left side of the central piece of
element data. In addition, in pieces of element data located at
both ends among the five pieces of element data, the receiving
element that receives the reflected wave from the reflection
point first is shifted by two elements from the central piece of
element data. Accordingly, the receiving element that
receives the reflected wave from the reflection point first is
shifted by two elements to the left in the piece of element data
located at the right end, and is shifted by two elements to the
right in the piece of element data located at the left end. Thus,
notonly is the receiving time of the ghost signal delayed from
the receiving time of the true signal, but also the ghost signal
differs depending on the arrangement direction of receiving
elements.

[0105] FIG. 7(b) shows an example of the delay time of the
receiving time for the central piece of element data among the
five pieces of element data shown in FIG. 7(a).

[0106] In the overlapping processing section 42, using the
delay time shown in FIG. 7(b), when the central element of
the transmission opening is set as an observed element in the
central piece of element data among the five pieces of element
data, delay time correction is performed by the number of
pieces of element data to overlap each other (here, by the
delay time corresponding to each of three pieces of element
data) with the piece of element data corresponding to the
observed element at the center, and the pieces of element data
onboth sides ofthe piece of element data corresponding to the
observed element are shifted by one element in the horizontal
direction so that the absolute position of the central element of
the transmission opening in the piece of element data corre-
sponding to the observed element is the same, thereby over-
lapping the three pieces of element data with each other. That
is, the three pieces of element data are made to overlap each
other by phase matching. As a result, a piece of overlapping-
processed data corresponding to the element data correspond-
ing to the observed element is generated.

[0107] The overlapping-processed data obtained as
described above is shown in FIG. 7(c).

[0108] Among the five pieces of element data shown in
FIG. 7(a), the central piece of element data is the element data
of atrue signal. Therefore, when phase matching is performed
by performing delay time correction and horizontal shift for
the pieces of element data adjacent to both sides of the central
piece of element data, the three pieces ofelement data overlap
each other at a high brightness position as shown in FIG. 7(c).
Accordingly, overlapping-processed data having a high
brightness value is obtained by adding up the three pieces of
element data. In addition, even if an average value is calcu-
lated by averaging the three pieces of element data, it is
possible to obtain the clear overlapping-processed data in
which the brightness is emphasized.
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[0109] In contrast, FIG. 7(d) shows an example in which
there are five pieces of element data as in FIG. 7(a) but
element data adjacent to the left side of the central piece of
element data, that is, a central element of the transmission
opening corresponding to the ghost signal is set as an
observed element.

[0110] FIG. 7(e) shows an example of the delay time of the
receiving time for the central piece of element data among the
five pieces of element data shown in FIG. 7(d), and this is the
same as the delay time of the receiving time shown in FIG.
7(b). That is, since the element data in FIG. 7(a) and the
element data in FIG. 7(d) are the same, the delay time of the
receiving time for the central piece of element data among the
five pieces of element data is the same.

[0111] In the overlapping processing section 42, using the
delay time shown in FIG. 7(e), delay time correction is pet-
formed by the number of pieces of element data to overlap
each other (here, by the delay time corresponding to each of
three pieces of element data) with the piece of element data
corresponding to the observed element at the center, and the
pieces of element data on both sides of the piece of element
data corresponding to the observed element are shifted by one
element in the horizontal direction so that the absolute posi-
tion of the central element of the transmission opening in the
piece of element data corresponding to the observed element
is the same, thereby overlapping the three pieces of element
data with each other. That is, the three pieces of element data
are made to overlap each other by phase matching. As a result,
a piece of overlapping-processed data corresponding to the
element data corresponding to the observed element is gen-
erated.

[0112] The overlapping-processed data of the element data
corresponding to the observed element that has been obtained
as described above is shown in FIG. 7(f).

[0113] The element data corresponding to the observed
element shown in FIG. 7(d) is element data of the ghost
signal. Accordingly, even if delay time correction and hori-
zontal shift are performed for element data adjacent to both
sides of the element data, three pieces of element data do not
overlap each other since the phases do not match each other as
shown in FIG. 7(f). For this reason, even if the three pieces of
element data are added up, signals having inverted phases or
the like are negated since the phases do not match each other.
Accordingly, the sum value is not increased. In addition, an
average value obtained by averaging the three pieces of ele-
ment data indicates a small value.

[0114] When the same delay time correction and horizontal
shift are performed for five pieces of element data with the
central element of the transmission opening as an observed
element and three consecutive pieces of element data are
made to overlap each other, an overlapping state shown in
FIG. 7(g) is obtained. FIG. 7(k) shows a result of, for
example, addition processing or averaging processing as
overlapping processing that has been performed for these
pieces of element data.

[0115] As shown in FIG. 7(%). in the central piece of ele-
ment data indicating the true signal, overlapping-processed
data having a high brightness value is generated. In four
pieces of element data indicating the ghost signal that are
located on both sides of the central piece of element data, the
signals are negated since the pieces of element data having
phases that do not match each other are added up or averaged.
For this reason, the overlapping-processed data correspond-
ing to the four pieces of element data has a smaller value than
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the overlapping-processed data of the true signal having a
high-brightness value at the center.

[0116] Accordingly, by performing overlapping processing
in the overlapping processing section 42, the influence of the
element data of the ghost signal on the element data of the true
signal can be negligibly reduced.

[0117] In the same manner as in the first embodiment, by
forming a transmission focus at a predetermined depth in the
first direction D1 that is the normal direction of the element
surface of the probe 1, transmitting an ultrasonic beam toward
the first direction D1 using the transmission unit 2, and receiv-
ing the reflected wave in each element of the probe 1, element
data shown in FIG. 8(A) is obtained. The reflected wave HI
from the first direction D1 and the reflected wave H2 from the
needle N are included in the element data.

[0118] Here, the reflected wave H1 from the first direction
D1 can be regarded as a true signal obtained by receiving the
reflected wave from the reflection point on each scanning line,
and the reflected wave H2 from the needle N can be regarded
as a ghost signal that is reflected by the spread of the trans-
mitted ultrasonic beam.

[0119] Therefore, by making the overlapping processing
section 42 perform overlapping processing for the element
data stored in the element data memory 5 so that the influence
of the reflected wave H2 from the needle N can be negligibly
reduced as shown in FIG. 8(B), it is possible to generate
overlapping-processed data in which the reflected wave H1
from the first direction D1 is emphasized.

[0120] Therefore, by taking the difference between the ele-
ment data stored in the element data memory 5 and the over-
lapping-processed data generated by the overlapping pro-
cessing section 42 using the difference calculation section 43,
reflection component removal data in which the reflected
wave H1 from the first direction D1 has been removed while
leaving the reflected wave H2 from the needle N is generated
as shown in FIG. 8(C).

[0121] By performing reception focusing in the second
direction D2 for the reflection component removal data, it is
possible to generate a needle image having an excellent S/N
ratio without being influenced by the reflected wave H1 from
the first direction D1.

[0122] Next, an operation in the second embodiment will
be described with reference to the flowchart shown in FIG. 9.
[0123] First, in step S11, for each scanning line, transmis-
sion focusing is performed on a transmission focus at a pre-
determined depth in the normal direction of the element sut-
face of the probe 1 that is the first direction D1, thereby
acquiring a reception signal. As a result, element data is
acquired by the reception unit 3. Similarly, element data for
all scanning lines is acquired, and is stored in the element data
memory 5.

[0124] Then, in step S12, for the element data stored in the
element data memory 5, overlapping processing is performed
by the overlapping processing section 42 of the element data
processing unit 6A. That is, pieces of element data corre-
sponding to a predetermined number of consecutive scanning
lines are made to overlap each other by phase matching, so
that overlapping-processed data is generated. In this case, by
setting the predetermined number of scanning lines, for
which pieces of element data are made to overlap each other,
to, for example, about 10, it is possible to generate overlap-
ping-processed data in which the reflected wave H2 from the
needle N is not emphasized while emphasizing the reflected
wave H1 generated from the first direction D1.
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[0125] 1In addition, the delay time between the pieces of
element data required for overlapping processing is calcu-
lated by the delay time calculation section 44 of the element
data processing unit 6A.

[0126] Then, in step S13, a difference between the element
data stored in the element data memory 5 and the overlap-
ping-processed data generated by the overlapping processing
section 42 is generated by the difference calculation section
43 of the element data processing unit 6A, so that reflection
component removal data in which the reflected wave H1 from
the first direction D1 has been removed while leaving the
reflected wave H2 from the needle N is generated.

[0127] In this case, the difference calculation section 43
may calculate the difference after giving a weighting to either
the element data stored in the element data memory 5 or the
overlapping-processed data generated by the overlapping
processing section 42 or to both the element data stored in the
element data memory 5 and the overlapping-processed data
generated by the overlapping processing section 42. In addi-
tion, it is also possible to change the value of the weighting
and the calculation method depending on the depth.

[0128] Then, in step S14, the needle image generation unit
7 generates a B-mode image signal for needle imaging by
performing reception focusing in a direction perpendicular to
the needle N, which is the second direction D2, for the reflec-
tion component removal data generated by the difference
calculation section 43, and the B-mode image signal for
needle images is stored in the image memory 33.

[0129] Then, in step S15, the tissue image generation unit 4
generates a B-mode image signal for tissue imaging by per-
forming reception focusing in the normal direction of the
element surface of the probe 1, which is the first direction D1,
for the element data stored in the element data memory 5, and
the B-mode image signal for tissue images is stored in the
image memory 23.

[0130] Then, in step S16, the B-mode image signal of the
tissue image stored in the image memory 23 of the tissue
image generation unit 4 and the B-mode image signal of the
needle image stored in the image memory 33 of the needle
image generation unit 7 are raster-converted by the image
combination unit 8, and are combined with each other after
various kinds of image processing are performed. As a result,
a B-mode image signal of the display image is generated.
[0131] The B-mode image signal of the display image is
output to the display control unit 9 from the image combina-
tion unit 8, and an ultrasonic image in which the tissue image
and the needle image are combined is displayed on the display
unit 10.

[0132] The overlapping-processed data in which the
reflected wave H1 generated from the first direction DI is
emphasized is generated by the overlapping processing sec-
tion 42 of the element data processing unit 6A, the reflection
component removal data in which the reflected wave HI from
the first direction DI has been removed is generated by the
difference calculation section 43, and reception focusing is
performed in the second direction D2 for the reflection com-
ponent removal data by the second reception focusing section
31 of the needle image generation unit 7. Therefore, even if
the reception focusing is performed in the second direction
D2 different from the first direction D1 that is the transmis-
sion direction of the ultrasonic beam, it is possible to generate
aclear needle image with an excellent S/N ratio without being
influenced by the reflected wave H1 from the first direction
D1.
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[0133] Inthe second embodiment described above, the tis-
sue image generation unit 4 generates a B-mode image signal
for tissue imaging by performing reception focusing in the
first direction D1 for the element data stored in the element
data memory 5. However, the present invention is not limited
thereto. For example, the tissue image generation unit 4 may
be configured to generate a B-mode image signal for tissue
imaging by performing reception focusing in the first direc-
tion D1 for the overlapping-processed data which is gener-
ated by the overlapping processing section 42 of the element
data processing unit 6A and in which the reflected wave H1
generated from the first direction D1 is emphasized.

[0134] Instep S12, a predetermined number of consecutive
scanning lines are set as scanning lines to be subjected to
overlapping processing by the overlapping processing section
42 of the element data processing unit 6A. However, the
scanning lines to be subjected to overlapping processing by
the overlapping processing section 42 of the element data
processing unit 6 A do not necessarily need to be consecutive,
or may not be consecutive as long as these are scanning lines
in a range where pieces of element data overlap each other.

Third Embodiment

[0135] FIG. 10 shows the internal configuration of an ele-
ment data processing unit 6B used in an ultrasonic diagnostic
device according to a third embodiment. The ultrasonic diag-
nostic device has the same configuration as the ultrasonic
diagnostic device of the first embodiment shown in FIG. 1
except that the element data processing unit 6B is used instead
of the element data processing unit 6.

[0136] The element data processing unit 6B includes a
simulation processing section 45 connected to the element
data memory 5. A difference calculation section 46 is con-
nected to the simulation processing section 45, and the dif-
ference calculation section 46 is connected to the second
reception focusing section 31 of the needle image generation
unit 7.

[0137] The simulation processing section 45 generates
simulation data indicating the reflected wave H1 generated
from the first direction D1 by performing simulation process-
ing, and the difference calculation section 46 generates
reflection component removal data by taking the difference
between the simulation data generated by the simulation pro-
cessing section 45 and the element data stored in the element
data memory 5.

[0138] The simulation processing in the simulation pro-
cessing section 45 is for generating the reflected wave from
the reflection point located on each scanning line by simula-
tion, and the operation is shown in the flowchart of FIG. 11.
[0139] In addition, it is assumed that element data is
acquired in advance by actually transmitting and receiving
ultrasonic beams in the ultrasonic diagnostic device of the
third embodiment.

[0140] Instep S21, measurement conditions when actually
acquiring element data, such as a focus position and the
number of pieces of data, is input.

[0141] Then, in step S22, a sound speed value required for
the operation of simulation is input.

[0142] Then, in step S23, the operation of simulation is
executed using the measurement conditions input in step S21
and the sound speed value input in step S22, thereby gener-
ating a reflected wave.

[0143] After the reflected wave is generated as described
above, in subsequent step S24, a difference between the gen-
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erated reflected wave and the element data acquired in
advance by actually transmitting and receiving ultrasonic
beams is calculated, and it is determined whether or not the
difference is equal to or less than the allowable value set in
advance.

[0144] When it is determined that the difference exceeds
the allowable value in step S24, the process proceeds to step
S25 to update the sound speed value to anew value. Then, the
process returns to step S23 in which a reflected wave is
generated by performing simulation again using the updated
sound speed value. Then, in step S24, a difference between
the new reflected wave and the element data acquired in
advance is calculated, and it is determined whether or not the
difference is equal to or less than the allowable value.
[0145] Since the shape of the reflected wave generated by
the simulation changes according to the sound speed value to
be used, steps S23 to S25 are repeated while updating the
sound speed value until the difference between the reflected
wave and the element data becomes within the allowable
value.

[0146] When it is determined that the difference between
the reflected wave and the element data becomes within the
allowable value in step S24, the reflected wave at this time is
set as simulation data generated by the simulation processing,
and the simulation processing is ended.

[0147] As thesound speed value, it is possible to generate a
reflected wave by simulation by inputting a fixed value that
does not depend on the depth. Alternatively, a reflected wave
by simulation may be generated for each depth by inputting a
different sound speed value for each depth.

[0148] In the same manner as in the first embodiment, by
forming a transmission focus at a predetermined depth in the
first direction D1 that is the normal direction of the element
surface of the probe 1, transmitting an ultrasonic beam toward
the first direction D1 using the transmission unit 2, and receiv-
ing the reflected wave in each element of the probe 1, element
data shown in FIG. 12(A) is obtained. The reflected wave H1
from the first direction D1 and the reflected wave H2 from the
needle N are included in the element data.

[0149] Since the simulation processing in the simulation
processing section 45 is for generating the reflected wave
from the reflection point located on each scanning line by
simulation, simulation data including the reflected wave H1
from the first direction D1 can be generated as shown in FIG.
12(B) by performing simulation processing.

[0150] Therefore, by taking the difference between the ele-
ment data stored in the element data memory 5 and the simu-
lation data generated by the simulation processing section 45
using the difference calculation section 46, reflection compo-
nent removal data in which the reflected wave H1 from the
first direction D1 has been removed while leaving the
reflected wave H2 from the needle N is generated as shown in
FIG. 12(C).

[0151] By performing reception focusing in the second
direction D2 for the reflection component removal data, it is
possible to generate a needle image having an excellent S/N
ratio without being influenced by the reflected wave H1 from
the first direction DI1.

[0152] Next, an operation in the third embodiment will be
described with reference to the flowchart shownin FIG.13. In
the flowchart shown in FIG. 13, steps S32 and S33 are
executed instead of steps S12 and S13 in the flowchart of the
second embodiment shown in FIG. 9, and other steps are the
same as those in the flowchart shown in FIG. 9.
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[0153] First, in step S11, for each scanning line, transmis-
sion focusing is performed on a transmission focus at a pre-
determined depth in the normal direction of the element sur-
face of the probe 1 that is the first direction D1, thereby
acquiring a reception signal. As a result, element data is
acquired by the reception unit 3. Similarly, element data for
all scanning lines is acquired, and is stored in the element data
memory S.

[0154] Then, in step S32, simulation data indicating the
reflected wave H1 generated from the first direction DI is
generated by the simulation processing section 45 of the
element data processing unit 6B.

[0155] Then, in step S33, a difference between the element
data stored in the element data memory 5 and the simulation
data generated by the simulation processing section 45 is
generated by the difference calculation section 46 of the
element data processing unit 6B, so that reflection component
removal data in which the reflected wave H1 from the first
direction D1 has been removed while leaving the reflected
wave H2 from the needle N is generated. In this case, in the
difference calculation, either the element data or the simula-
tion data or both the element data and the simulation data may
be weighted to perform a difference calculation.

[0156] Then, in step S14, the needle image generation unit
7 generates a B-mode image signal for needle imaging by
performing reception focusing in a direction perpendicular to
the needle N, which is the second direction D2, for the reflec-
tion component removal data generated by the difference
calculation section 46, and the B-mode image signal for
needle images is stored in the image memory 33.

[0157] Then, in step S15, the tissue image generation unit 4
generates a B-mode image signal for tissue imaging by per-
forming reception focusing in the normal direction of the
element surface of the probe 1, which is the first direction D1,
for the element data stored in the element data memory 5, and
the B-mode image signal for tissue images is stored in the
image memory 23.

[0158] Then, in step S16, the B-mode image signal of the
tissue image stored in the image memory 23 of the tissue
image generation unit 4 and the B-mode image signal of the
needle image stored in the image memory 33 of the needle
image generation unit 7 are raster-converted by the image
combination unit 8, and are combined with each other after
various kinds of image processing are performed. As a result,
a B-mode image signal of the display image is generated.

[0159] The B-mode image signal of the display image is
output to the display control unit 9 from the image combina-
tion unit 8, and an ultrasonic image in which the tissue image
and the needle image are combined is displayed on the display
unit 10.

[0160] The simulation data indicating the reflected wave
H1 generated from the first direction D1 is generated by the
simulation processing section 45 of the element data process-
ing unit 6B, the reflection component removal data in which
the reflected wave H1 from the first direction D1 has been
removed is generated by the difference calculation section 46,
and reception focusing is performed in the second direction
D2 for the reflection component removal data by the second
reception focusing section 31 of the needle image generation
unit 7. Therefore, even if the reception focusing is performed
in the second direction D2 different from the first direction D1
that is the transmission direction of the ultrasonic beam, it is
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possible to generate a clear needle image with an excellent
S/N ratio without being influenced by the reflected wave HI
from the first direction D1.

[0161] Although the B-mode image signal of the tissue
image and the B-mode image signal of the needle image are
combined by the image combination unit 8 and the result is
displayed on the display unit 10 in the first to third embodi-
ments described above, reflection component removal data
obtained by removing the reflected wave H1 from the first
direction D1 may be combined with the B-mode image,
which is a tissue image, as it is and the result is displayed.
[0162] The needle image can be displayed in various kinds
of display formats, such as a binary image and color display.
[0163] Inaddition, only the needle image may be displayed
on the display unit 10 without combining the needle image
with the tissue image. Also in this case, it is possible to use
various kinds of display formats, such as a B-mode image,
reflection component removal data itself, a binary image, and
color display.

EXPLANATION OF REFERENCES

[0164] 1: probe

[0165] 2: transmission unit

[0166] 3: reception unit

[0167] 4: tissue image generation unit

[0168] 5: element data memory

[0169] 6. 6A, 6B: element data processing unit
[0170] 7: needle image generation unit

[0171] 8: image combination unit

[0172] 9: display control unit

[0173] 10: display unit

[0174] 11: control unit

[0175] 12: operation unit

[0176] 13: storage unit

[0177] 21: first reception focusing section
[0178] 22, 32: detection processing section
[0179] 23, 33: image memory

[0180] 31: second reception focusing section
[0181] 41, 43, 46: difference calculation section
[0182] 42: overlapping processing section
[0183] 44: delay time calculation section
[0184] 45: simulation processing section
[0185] D1.: first direction

[0186] D2: second direction

[0187] F1: first transmission focus

[0188] F2: second transmission focus
[0189] C: reflection point

[0190] RO, R1, R2: path

[0191] RA: reception opening

[0192] T: element located at center

[0193] N: needle

[0194] 0: insertion angle

[0195] S: subject

What is claimed is:

1. An ultrasonic diagnostic device, comprising:

aprobe including a plurality of elements that are arranged;

a transmission unit that transmits an ultrasonic beam by
performing transmission focusing in a first direction
from the plurality of elements of the probe;

a reception unit that generates element data by processing
reception signals output from the plurality of elements
of the probe that has received an ultrasonic echo gener-
ated by the ultrasonic beam transmitted from the trans-
mission unit;
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an element data processing unit that generates reflection
component removal data by removing a reflection com-
ponent generated from the first direction from the ele-
ment data;

an image generation unit that generates an ultrasonic image
by performing reception focusing for the element data;
and

a control unit that controls the image generation unit to
generate an image signal along a second direction dif-
ferent from the first direction by performing reception
focusing in the second direction for the reflection com-
ponent removal data generated by the element data pro-
cessing unit.

2. The ultrasonic diagnostic device according to claim 1,

wherein the transmission unit forms at least two focuses at
different positions in the first direction to sequentially
transmit a plurality of ultrasonic beams, and

the element data processing unit generates the reflection
component removal data from a plurality of pieces of
element data generated by the reception unit corre-
sponding to the plurality of ultrasonic beams.

3. The ultrasonic diagnostic device according to claim 2,

wherein the element data processing unit generates the
reflection component removal data by taking a differ-
ence between the plurality of pieces of element data.

4. The ultrasonic diagnostic device according to claim 3,

wherein, when taking a difference between the plurality of
pieces of element data, the element data processing unit
takes a difference after giving weighting to any one of
the plurality of pieces of element data or to the plurality
of pieces of element data.

5. The ultrasonic diagnostic device according to claim 1,

wherein the element data processing unit generates over-
lapping-processed data in which a reflection component
generated from the first direction is emphasized by over-
lapping a predetermined number of pieces of element
data generated by the reception unit with each other by
phase matching corresponding to the predetermined
number of consecutive scanning lines, and generates the
reflection component removal data using the overlap-
ping-processed data.

6. The ultrasonic diagnostic device according to claim 5,

wherein the element data processing unit generates the
reflection component removal data by taking a differ-
ence between the element data by the plurality of ele-
ments generated by the reception unit and the overlap-
ping-processed data.

7. The ultrasonic diagnostic device according to claim 6,

wherein, when taking a difference between the element
data by the plurality of elements generated by the recep-
tion unit and the overlapping-processed data, the ele-
ment data processing unit takes a difference after giving
weighting to either the element data by the plurality of
elements generated by the reception unit or the overlap-
ping-processed data or to both the element data by the
plurality of elements generated by the reception unit and
the overlapping-processed data.

8. The ultrasonic diagnostic device according to claim 1,

wherein the element data processing unit generates simu-
lation data indicating a reflected wave generated from

11
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the first direction by simulation, and generates the
reflection component removal data using the simulation
data.
9. The ultrasonic diagnostic device according to claim 8,
wherein the element data processing unit generates the
reflection component removal data by taking a differ-
ence between the element data by the plurality of ele-
ments generated by the reception unit and the simulation
data.
10. The ultrasonic diagnostic device according to claim 9,
wherein, when taking a difference between the element
data by the plurality of elements generated by the recep-
tion unit and the simulation data, the element data pro-
cessing unit takes a difference after giving a weighting to
either the element data by the plurality of elements gen-
erated by the reception unit or the simulation data or to
both the element data by the plurality elements gener-
ated by the reception unit and the simulation data.
11. The ultrasonic diagnostic device according to claim 1,
wherein the image generation unit includes: a tissue image
generation section that generates an image signal for
tissue imaging along the first direction by performing
reception focusing in the first direction for the element
data; and
aneedle image generation section that generates an image
signal for needle imaging along the second direction by
performing reception focusing in the second direction
for the reflection component removal data.
12. The ultrasonic diagnostic device according to claim 11,
further comprising:
an image combination unit that combines the image signal
for tissue imaging generated by the tissue image genera-
tion section and the image signal for needle imaging
obtained by the needle image generation section.
13. The ultrasonic diagnostic device according to claim 12,
further comprising:
a display unit that displays an image signal obtained by a
combination of the image combination unit.
14. The ultrasonic diagnostic device according to claim 1,
further comprising:
a display unit that displays an ultrasonic image generated
by the image generation unit.
15. An ultrasonic image generation method, comprising:
transmitting an ultrasonic beam by performing transmis-
sion focusing in a first direction from a plurality of
elements of a probe;
generating element data by processing reception signals
output from the plurality of elements of the probe that
has received an ultrasonic echo generated by the ultra-
sonic beam;
generating reflection component removal data by remov-
ing a reflection component generated from the first
direction from the element data; and
generating an ultrasonic image along a second direction
different from the first direction by performing reception
focusing in the second direction for the reflection com-
ponent removal data.
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