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7) ABSTRACT

An ultrasonic diagnostic apparatus is characterized in com-
prising: an ultrasonic probe for transmitting/receiving ultra-
sound to/from a subject; a reception beamformer for applying
reception beamforming to ultrasonic echo signals obtained by
the ultrasonic probe based on a plurality of different sound
velocities; a spatial frequency analyzing section 81 for apply-
ing spatial frequency analysis to each of data obtained by the
reception beamforming based on each of the plurality of
different sound velocities; and a sound-velocity setting sec-
tion 84 for setting a sound velocity corresponding to one of
the results of spatial frequency analysis corresponding

(2006.01) respectively to the plurality of different sound velocities that
(2006.01) has a highest intensity for a given spatial frequency. as opti-
(2006.01) mal sound velocity in the reception beamforming,
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ULTRASONIC DIAGNOSTIC APPARATUS

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to an
ultrasonic diagnostic apparatus for conducting transmission/
reception of ultrasound to/from a subject.

BACKGROUND

[0002] An ultrasonic diagnostic apparatus transmits ultra-
sound to biological tissue in a subject by an ultrasonic probe.
Echo signals of the ultrasound are received by the ultrasonic
probe, and an ultrasonic image based on the echo signals is
produced.

[0003] The ultrasonic probe comprises a plurality of ultra-
sonic vibrators. Transmission/reception of ultrasound is con-
ducted in each of the plurality of ultrasonic vibrators. An echo
signal received at each ultrasonic vibrator is input to a recep-
tion beamformer. The reception beamformer applies recep-
tion beamforming to the echo signal received at each ultra-
sonic vibrator. The reception beamforming is phased-
addition processing involving delaying the echo signals
received at the ultrasonic vibrators and adding the resulting
signals together.

[0004] A delay time in the reception beamforming is
defined assuming that the sound velocity of ultrasound in
biological tissue has a given value. The value of the sound
velocity of ultrasound in biological tissue, however, may
sometimes vary from subject to subject or from region to
region. Therefore, in case that the value of the sound velocity
set for determining a delay time is different from an actual
value of the sound velocity, a reception focus may be
degraded.

[0005] Accordingly, Japanese Patent No. 3642607 dis-
closes an ultrasonic tomography apparatus for determining a
value of the sound velocity of ultrasound such that a variance
of the spatial frequency for the amplitude of ultrasonic
received signals is maximized, and correcting a value of the
sound velocity of ultrasound set in the apparatus.

SUMMARY OF THE INVENTION

[0006] According to the technique described in Japanese
Patent No. 3642607, however, in case that a structure such as
abone or a blood vessel is contained in a region subjected to
analysis of the spatial frequency, comparatively low spatial
frequency components corresponding to the structure are
dominant. For example, in case that a structure extending in a
transverse direction is contained, comparatively low spatial
frequency components corresponding to the structure are
dominant in a result of spatial frequency analysis in a hori-
zontal direction. Consequently, even when the value of the
sound velocity in biological tissue changes, an effect thereof
on the result of spatial frequency analysis may be relatively
small, causing concern that the variance in the result of spatial
frequency analysis may be rather unchanged. This may pre-
vent identification of an optimal sound velocity.

[0007] Since the spatial resolution of an ultrasonic image is
higher in case that the actual sound velocity in biological
tissue matches a set sound velocity set in reception beam-
forming than in case that the actual sound velocity does not
match the set sound velocity, the intensity of a particular
spatial frequency is enhanced regardless of the presence of a
structure. Embodiments of the invention made for solving the
aforementioned problem in one aspect is an ultrasonic diag-
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nostic apparatus characterized in comprising: an ultrasonic
probe for transmitting/receiving ultrasound to/from a subject;
areception beamformer for applying reception beamforming
based on a plurality of different sound velocities to ultrasonic
echo signals obtained by said ultrasonic probe; a spatial fre-
quency analyzing section for applying spatial frequency
analysis to each of data obtained by said reception beamform-
ing based on each of said plurality of different sound veloci-
ties; and a sound-velocity setting section for setting a sound
velocity corresponding to one of results of said spatial fre-
quency analysis corresponding respectively to said plurality
of different sound velocities that has a highest intensity for a
given spatial frequency, as optimal sound velocity in said
reception beamforming.

[0008] The invention in another aspect is an ultrasonic
diagnostic apparatus characterized in that: said spatial fre-
quency analyzing section in the invention in said one aspect
comprises a decision section for performing said spatial fre-
quency analysis for a region of interest in said subject, com-
paring intensities of said given spatial frequency with one
another among results of said spatial frequency analysis cor-
responding respectively to said plurality of different sound
velocities, and in case that a difference between highest and
lowest intensities is smaller than a given threshold, deciding
that a position of said region of interest is not suitable for
determining an optimal sound velocity in said reception
beamforming.

[0009] The invention in still another aspect is an ultrasonic
diagnostic apparatus characterized in comprising: an ultra-
sonic probe for transmitting/receiving ultrasound to/from a
subject; a reception beamformer for applying reception
beamforming to ultrasonic echo signals obtained by said
ultrasonic probe based on a given sound velocity; a spatial
frequency analyzing section for performing spatial frequency
analysis in a region of interest in said subject based on data
obtained by said reception beamforming; and a decision sec-
tion for comparing, in a result of said spatial frequency analy-
sis, an intensity of a first spatial frequency corresponding to
an obstacle hindering determination of an optimal sound
velocity in said reception beamforming with an intensity of a
second spatial frequency different from said first spatial fre-
quency, and deciding whether or not said obstacle is con-
tained in said region of interest.

[0010] According to the invention in one aspect, since a
sound velocity corresponding to a result of spatial frequency
analysis that has a highest intensity for the given spatial
frequency is set as optimal sound velocity in the reception
beamforming, an optimal sound velocity can be set regardless
of the presence of a structure.

[0011] According to the invention in another aspect, inten-
sities of the given spatial frequency are compared with one
another among results of the spatial frequency analysis cor-
responding respectively to the plurality of different sound
velocities, and in case that a difference between highest and
lowest intensities is smaller than a given threshold, it is
decided by the decision section that a position of the region of
interest is not suitable for determining an optimal sound
velocity in the reception beamforming. At that time, even
when a sound velocity set in reception beamforming matches
an actual sound velocity, spatial resolution in the region of
interest defined at a position away from an ultrasonic beam
focus is degraded as compared with spatial resolution in the
proximity of the focus. In this case, even when the sound
velocity in reception beamforming changes, no significant
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change is observed in spatial resolution in the region of inter-
est, and hence, no significant change is observed in an inten-
sity of the given spatial frequency. Accordingly, the decision
section compares intensities of the given spatial frequency
with one another among results of the spatial frequency
analysis corresponding respectively to the plurality of differ-
ent sound velocities, and in case that a difference between
highest and lowest intensities is smaller than a given thresh-
old, it decides that the position is not suitable for determining
an optimal sound velocity in the reception beamforming; and
thus, the region of interest can be defined at a suitable posi-
tion.

[0012] According to the invention in still another aspect, in
aresult of the spatial frequency analysis, an intensity of a first
spatial frequency corresponding to an obstacle hindering
determination of an optimal sound velocity in the reception
beamforming is compared with an intensity of a second spa-
tial frequency different from the first spatial frequency, and
whether or not the obstacle is contained in the region of
interest is decided by the decision section. At that time, in
case, for example, that the obstacle is contained in the region
of interest, an intensity of a spatial frequency corresponding
to the obstacle is enhanced relative to the intensity of the other
spatial frequencies. Accordingly, the intensity of the first
spatial frequency is compared with the intensity ofthe second
spatial frequency, and whether or not the obstacle is contained
in the region of interest is decided, whereby the region of
interest can be defined at a position at which no obstacle is
contained. Therefore, an optimal sound velocity can be set
based on ultrasonic echo signals obtained from the region of
interest defined at such a position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram showing a schematic
configuration of an ultrasonic diagnostic apparatus represent-
ing an exemplary embodiment of the present invention.
[0014] FIG.2isablockdiagram showing a configuration of
a transmission/reception beamformer.

[0015] FIG. 3 is a block diagram showing some of func-
tions of a control section.

[0016] FIG. 4 is a flow chart showing an operation in the
first embodiment.

[0017] FIG. 5 is a diagram showing a display section in
which a region of interest is defined in a B-mode image.
[0018] FIG. 61s a diagram explaining FFT in an ultrasound
acoustic-line direction.

[0019] FIG. 7 is a diagram explaining FFT in a direction
orthogonal to the ultrasound acoustic-line direction.

[0020] FIG. 8 is a diagram showing an exemplary result of
analysis on spatial frequency.

[0021] FIG.9isa diagram showing intensities of a particu-
lar spatial frequency in results of spatial frequency analysis
corresponding to sound velocities.

[0022] FIG. 10 is a diagram showing intensities of a par-
ticular spatial frequency in results of spatial frequency analy-
sis corresponding to sound velocities.

[0023] FIG. 11 is a diagram showing a region of interest in
which a structure extending in the direction orthogonal to the
ultrasound acoustic-line direction is present.

[0024] FIG. 12 is a flow chart showing an operation in a
variation of the first embodiment.

[0025] FIG. 13 is a diagram showing a display section in
which a plurality of regions of interest are defined in a
B-mode image.
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[0026] FIG. 14 is a flow chart showing an operation in a
second embodiment.

[0027] FIG. 15 is a block diagram showing some of func-
tions of the control section in the second embodiment.
[0028] FIG. 16 is a flow chart showing an operation in a
variation of the second embodiment.

[0029] FIG. 17 is a flow chart showing an operation at Step
S30 shown in FIG. 16.

DETAILED DESCRIPTION

[0030] Now embodiments of the present invention will be
described with reference to the accompanying drawings.
[0031] An ultrasonic diagnostic apparatus 1 shown in FIG.
1 comprises an ultrasonic probe 2, a transmission/reception
(T/R) beamformer 3, an echo data processing section 4, a
display processing section 5, a display section 6, an operating
section 7, a control section 8, and a storage section 9.
[0032] The ultrasonic probe 2 is configured to have a plu-
rality of ultrasonic vibrators (not shown) arranged in an array,
and ultrasound is transmitted to a subject and echo signals
therefrom are received by these ultrasonic vibrators. The
ultrasonic probe 2 represents an exemplary embodiment of
the ultrasonic probe in the present invention.

[0033] The T/R beamformer 3 comprises a transmission
beamformer 31 and a reception beamformer 32, as shown in
FIG. 2. The transmission beamformer 31 drives the ultrasonic
probe 2 to transmit ultrasound having given transmission
parameters based on control signals from the control section
8. For example, the transmission beamformer 31 performs
transmission beamforming using a delay time defined based
on a given set sound velocity. The given set sound velocity
includes a plurality of different sound velocities. The trans-
mission beamformer 31 represents an exemplary embodi-
ment of the transmission beamformer in the present inven-
tion.

[0034] The reception beamformer 32 applies reception
beamforming (phased-addition processing) based on control
signals from the control section 8 using a delay time defined
according to the given set sound velocity to ultrasonic echo
signals obtained at the ultrasonic probe 2. The given set sound
velocity includes a plurality of different sound velocities. The
reception beamformer 32 represents an exemplary embodi-
ment of the reception beamformer in the present invention.
[0035] The echo data processing section 4 applies signal
processing for producing an ultrasonic image and the like to
echo data output from the T/R beamformer 3. For example,
the echo data processing section 4 applies B-mode processing
such as logarithm compression processing and envelope
detection processing to the echo data output from the T/R
beamformer 3 to create B-mode data.

[0036] The display processing section 5 scan-converts data
output from the echo data processing section 4 by a scan
converter to create ultrasonic image data, and displays an
ultrasonic image based on the ultrasonic image data in the
display section 6. For example, the display processing section
5 scan-converts the B-mode data by the scan converter to
create B-mode image data, and displays a B-mode image
based on the B-mode image data on the display section 6. The
data before being scan-converted by the scan converter will
be referred to as raw data hereinbelow.

[0037] The display section 6 is an LCD (Liquid Crystal
Display), an organic EL (Electro-Luminescence) display, or
the like. The operating section 7 is configured to comprise a
keyboard for allowing an operator to input a command and/or
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information, a pointing device such as a trackball, and the
like, although not particularly shown.

[0038] The control section 8 is a processor such as a CPU
(Central Processing Unit). The control section 8 loads thereon
a program stored in the storage section 9 and controls several
sections in the ultrasonic diagnostic apparatus 1. For
example, the control section 8 loads thereon a program stored
in the storage section 9 and executes functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 by the loaded program.

[0039] The control section 8 may execute all of the func-
tions of the T/R beamformer 3, all of the functions of the echo
data processing section 4, and all of the functions of the
display processing section 5 by the program, or execute only
some of the functions by the program. In case that the control
section 8 executes only some of the functions, the remaining
functions may be executed by hardware such as circuitry.
[0040] It should be noted that the functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 may be implemented by hardware such
as circuitry.

[0041] The control section 8 also loads thereon a program
stored in the storage section 9 and executes functions of a
spatial frequency analyzing section 81, a region-of-interest
defining section 82, a decision section 83, and a sound-veloc-
ity setting section 84 shown in FIG. 3 by the program.
[0042] The spatial frequency analyzing section 81 applies
spatial frequency analysis to the data output from the recep-
tion beamformer 32. The spatial frequency analyzing section
81 performs spatial frequency analysis based on each of data
obtained by the reception beamforming according to each of
the plurality of different sound velocities in a region of inter-
est, which will be discussed later.

[0043] The region-of-interest defining section 82 defines a
region of interest in a B-mode image displayed in the display
section 6. The region-of-interest defining section 82 repre-
sents an exemplary embodiment of the region-of-interest
defining section in the present invention.

[0044] The decision section 83 decides whether a position
of the region of interest is suitable or not. Details thereof will
be discussed later. The decision section 83 represents an
exemplary embodiment of the decision section in the present
invention.

[0045] The sound-velocity setting section 84 sets an opti-
mal sound velocity in the reception beamforming. The sound-
velocity setting section 84 may set an optimal sound velocity
in the transmission beamforming as well. The optimal sound
velocity as used herein refers to a sound velocity giving the
highest spatial resolution of an ultrasonic image. The sound-
velocity setting section 84 sets a sound velocity correspond-
ing to one of results of the spatial frequency analysis corre-
sponding respectively to the plurality of different sound
velocities that has a highest intensity for a given spatial fre-
quency, as the optimal sound velocity. Details thereof will be
discussed later.

[0046] The storage section 9 is an HDD (Hard Disk Drive),
and/or a semiconductor memory such as a RAM (Random
Access Memory) and/or a ROM (Read-Only Memory).
[0047] Next, an operation ofthe ultrasonic diagnostic appa-
ratus 1 in the present embodiment will be described based on
a flow chart in FIG. 4. Here, setting of an optimal sound
velocity in the reception beamforming and transmission
beamforming will be described.
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[0048] First, at Step S1, an operator starts transmission/
reception of ultrasound from/to the ultrasonic probe 2 to/from
a subject, and displays a B-mode image BI based on the
ultrasonic echo signals, as shown in FIG. 5. At Step S1, a
sound velocity in transmission beamforming and reception
beamforming in displaying the B-mode image Bl is a given
preset sound velocity.

[0049] The operator defines a region of interest R in the
B-mode image BI. In particular, when the operator makes an
input for defining the region of interest R at the operating
section 7, the region-of-interest defining section 82 defines
the region of interest R. The operator defines the region of
interest R so that it contains an ultrasonic beam focus.
[0050] Itshould be noted that the definition of the region of
interest R is not limited to being made by an operator. The
region of interest R may be defined by the region-of-interest
defining section 82 at a predetermined position. In this case,
again, the region of interest R is defined to contain the ultra-
sonic beam focus. In case that the region of interest R is thus
automatically defined by the region-of-interest defining sec-
tion 82, the region of interest R does not need to be displayed
in the display section 6.

[0051] Next, at Step S2, the reception beamformer 32
applies reception beamforming to echo signals obtained at the
ultrasonic probe 2 based on a plurality of different sound
velocities. For example, the reception beamformer 32 per-
forms reception beamforming based on each of sound veloci-
ties S1, S2, S3, S4, S5.

[0052] Moreover, at Step S2, the transmission beamformer
31 may perform transmission beamforming based on a plu-
rality of different sound velocities. For example, the trans-
mission beamformer 31 may perform transmission beam-
forming based on each of the sound velocities 81, S2, 83, 84,
S5.

[0053] While the sound velocities used in the reception
beamforming and transmission beamforming include five
sound velocities S1-S5 here, the number of sound velocities
used in the reception beamforming and transmission beam-
forming may be more than or less than five.

[0054] Next, at Step S3, the spatial frequency analyzing
section 81 applies spatial frequency analysis to data output
from the reception beamformer 32. The spatial frequency
analysis is performed for the region of interest R. More spe-
cifically, the spatial frequency analyzing section 81 applies
spatial frequency analysis for the region of interest R to each
of data D1 obtained by reception beamforming based on the
sound velocity S1, data D2 obtained by reception beamform-
ing based on the sound velocity S2, data D3 obtained by
reception beamforming based on the sound velocity S3, data
D4 obtained by reception beamforming based on the sound
velocity S4, and data D5 obtained by reception beamforming
based on the sound velocity S5.

[0055] The spatial frequency analyzing section 81 may
apply spatial frequency analysis to raw data output from the
reception beamformer 32, or to image data (B-mode image
data) obtained after scan-converting the raw data by the dis-
play processing section 5. That is, the spatial frequency ana-
lyzing section 81 may apply spatial frequency analysis to data
at least after reception beamforming.

[0056] The spatial frequency analysis is two-dimensional
FFT (Fast Fourier Transform), for example. In the region of
interest R, the spatial frequency analyzing section 81 applies
FFT, forexample, in an ultrasound acoustic-line direction v as
shown in FIG. 6, and FFT in a direction u orthogonal to the
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acoustic-line direction v as shown in FIG. 7. This gives a
result of FFT in the ultrasound acoustic-line direction vand a
result of FFT in the direction u orthogonal to the acoustic-line
direction v for each of the data D1-D5. The ultrasound acous-
tic-line direction v represents an exemplary embodiment of
the first direction in the present invention, and the direction u
orthogonal to the acoustic-line direction v represents an
exemplary embodiment of the second direction in the present
invention.

[0057] Now werepresent results of spatial frequency analy-
sis on the data D1 as Rel A, RelB, results of spatial frequency
analysis on the data D2 as Re2A, Re2B, results of spatial
frequency analysis on the data D3 as Re3 A, Re3B, results of
spatial frequency analysis on the data D4 as Re4A,Re4B, and
results of spatial frequency analysis on the data D3 as Re3A,
Re5B. The results Rel A-ReSA of spatial frequency analysis
are results of FFT in the ultrasound acoustic-line direction v.
The results RelB-ReSB of spatial frequency analysis are
results of FFT in the direction u orthogonal to the acoustic-
line direction v.

[0058] FET in the ultrasound acoustic-line direction v is
performed a plurality of number of times (v1-v5 in FIG. 6).
The results RelA-ReSA of spatial frequency analysis are
each obtained by averaging results of FFT for the plurality of
number of times. Similarly, FFT in the direction u orthogonal
to the acoustic-line direction v is performed a plurality of
number of times (u1-u5 in FIG. 7). The results Re1B-Re5B of
spatial frequency analysis are also each obtained by averag-
ing results of FFT for the plurality of number of times.
[0059] Next, at Step S4, the decision section 83 decides
whether a position of the region of interest R is suitable or not.
The phrase that a position of the region of interest R is suitable
as used herein refers to a condition that the region of interest
R is defined to contain an ultrasonic beam focus, and is
defined at a position at which the B-mode image has the
spatial resolution required to determine an optimal sound
velocity. When the region of interest R is defined at a position
away from the ultrasonic beam focus and the spatial resolu-
tion of the B-mode image lowers, a change in sound velocity
in reception beamforming and transmission beamforming
causes no significant change in spatial resolution of the
B-mode image. In this case, the sound velocity cannot be
optimally set. Accordingly, whether the position of the region
of interest R is suitable or not is decided at Step S4.

[0060] Even though the operator believes he/she has
defined the region of interest R to include an ultrasonic beam
focus at Step S1 described above, the region of interest R may
be sometimes actually defined at a position not containing the
focus. Accordingly, the processing at Step S4 is required.
[0061] Now decision made by the decision section 83 will
be particularly described. The decision section 83 compares
intensities of a given spatial frequency f with one another
among the results Rel1A-Re5A of spatial frequency analysis.
The decision section 83 also compares intensities of the given
spatial frequency fwith one another among the results RelB-
Re5B of spatial frequency analysis. The intensity of a spatial
frequency is an amplitude in a spatial frequency spectrum
obtained by spatial frequency analysis.

[0062] Now the given spatial frequency will be described
based on FIG. 8. FIG. 8 represents an exemplary result Re of
spatial frequency analysis. In FIG. 8, a given spatial fre-
quency f in the exemplary result Re of spatial frequency
analysis is shown. The spatial frequency f is a spatial fre-
quency that is dominant (has a high intensity) in a speckle
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pattern of a B-mode image in case that a set sound velocity in
reception beamforming matches the sound velocity of bio-
logical tissue of a subject to/from which ultrasound is trans-
mitted/received. The speckle pattern in the B-mode image is
determined according to properties of the biological tissue
and parameters affecting the spatial resolution of the B-mode
image.

[0063] The parameters affecting the spatial resolution of
the B-mode image include a ultrasound transmission fre-
quency, an ultrasound acoustic line density, and a factor in
scan conversion by the display processing section 5 (how
many acoustic lines are to be assigned to a pixel in an ultra-
sonic image).

[0064] Whilea given spatial frequency fin one of results of
spatial frequency analysis is shown in FIG. 8, comparison of
intensities of the given spatial frequency fwith one another by
the decision section 83 is performed for the results RelA-
Re5A of spatial frequency analysis and results Re1B-Re5B of
spatial frequency analysis.

[0065] Moreover, a plurality of the given spatial frequen-
cies f may be present.

[0066] The decision section 83 compares intensities of the
given spatial frequency f with one another among the results
RelA-Re5A of spatial frequency analysis, and decides
whether a difference between highest and lowest intensities is
smaller than a given threshold or not. The decision section 83
also compares intensities of the given spatial frequency fwith
one another among the results of spatial frequency analysis
Re1B-Re5B, and decides whether a difference between high-
estand lowest intensities is smaller than the given threshold or
not. In case that the difference between highest and lowest
intensities is equal to or greater than the given threshold in any
one of the results of decision, the decision section 83 decides
that the position of the region of interest R is suitable for
determining an optimal sound velocity in the reception beam-
forming.

[0067] For example, assume that an intensity Al of the
given spatial frequency f in the result RelB of the spatial
frequency analysis corresponding to the sound velocity S1 is
lowest and an intensity A3 of the given spatial frequency fin
the result Re3B of the spatial frequency analysis correspond-
ing to the sound velocity 83 is highest, as shown in FIG. 9. In
this case, the decision section 83 decides that the position of
the region of interest R is suitable for determining an optimal
sound velocity in the reception beamforming (“YES” at Step
S4) when a difference D between the intensity Al and inten-
sity A3 is equal to or greater than a given threshold Dth. The
given threshold Dth is set to such a value that, as the sound
velocity in reception beamforming and transmission beam-
forming changes, the resolution of a B-mode image notice-
ably changes to a degree that allows an optimal sound velocity
to be set.

[0068] On the other hand, the decision section 83 decides
that the position of the region of interest R is not suitable when
the difference between highest and lowest intensities is
smaller than the given threshold in the result of decision
(“NO” at Step S4).

[0069] In case that the position of the region of interest R is
decided not to be suitable for determining an optimal sound
velocity in the reception beamforming at Step S4, flow pro-
ceeds to processing at Step S5. At Step S5, the operator
redefines the region of interest R. In particular, the decision
that the position of the region of interest R is not suitable is
first notified to the operator. For example, the display pro-
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cessing section 5 displays a message indicating that the posi-
tion of the region of interest R is not suitable in the display
section 6. Alternatively, a message may be displayed for
prompting the operator to redefine the region of interest R
because the position of the region of interest R is not suitable.
Moreover, the control section 8 may generate an alarm sound
in place of the message. In this case, the display processing
section 5 and control section 8 perform the function of the
notifying section for notifying that the position of the region
of interest is not suitable.

[0070] Upon the notification, the operator redefines the
region of interest R. In the redefinition, the operator changes
the position of the region of interest R. Once the region of
interest R has been redefined at Step S5, flow goes back to
processing at Step S2.

[0071] On the other hand, in case that the position of the
region of interest R is decided to be suitable for determining
an optimal sound velocity in the reception beamforming at
Step S4, flow proceeds to processing at Step S6. At Step S6,
the sound-velocity setting section 84 sets an optimal sound
velocity. The optimal sound velocity is a sound velocity used
in the reception beamforming and transmission beamform-
ing.

[0072] The sound-velocity setting section 84 sets a sound
velocity corresponding to one of the results Re1A-ReSA of
spatial frequency analysis and results Re1B-Re5B of spatial
frequency analysis that has a highest intensity for the given
spatial frequency f, as optimal sound velocity. For example, in
case that the intensity A3 of the given spatial frequency f is
highest in the result Re3B of spatial frequency analysis as
shown in FIG. 9, the sound-velocity setting section 84 sets a
sound velocity S3 corresponding to the result Re3B of spatial
frequency analysis as optimal sound velocity.

[0073] Itshould benoted that in case that the intensity of the
given spatial frequency f'is highest in the results Re1A-Re5A
of spatial frequency analysis and results Re1B-Re5B of spa-
tial frequency analysis, and at the same time, a difference
between highest and lowest intensities of the given spatial
frequency fis equal to or greater than the given threshold, the
sound-velocity setting section 84 sets a sound velocity corre-
sponding to the result of spatial frequency analysis that has a
highest intensity for the given spatial frequency f as optimal
sound velocity. This will be particularly described based on
FIG. 10.

[0074] Assume that among the intensities of the given spa-
tial frequency fin theresults Re1A-Re5A of spatial frequency
analysis, the intensity AA1 of the given spatial frequency fin
the result RelA of spatial frequency analysis is highest, and
the intensity AA3 of the given spatial frequency fin the result
Re3A of spatial frequency analysis is lowest, as shown in
FIG. 10. Similarly, assume that among the intensities of the
given spatial frequency f'in the results Re1B-Re5B of spatial
frequency analysis, the intensity AB3 of the given spatial
frequency fin the result Re3B of spatial frequency analysis is
highest, and the intensity AB1 of the given spatial frequency
fin the result Re1B of spatial frequency analysis is lowest. In
case that a difference DA between the intensity AB3 and
intensity AB1 is equal to or greater than the given threshold
Dth, and a difference DB between the intensity AA1 and
intensity AA3 is smaller than the given threshold Dth, the
sound-velocity setting section 84 sets the sound velocity S3
corresponding to the result Re3B of spatial frequency analy-
sis as optimal sound velocity.
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[0075] After the optimal sound velocity has been set as
described above, reception beamforming and transmission
beamforming are performed based on the optimal sound
velocity. Then, a B-mode image based on data obtained by
reception beamforming based on the optimal sound velocity
is displayed.

[0076] According to the present embodiment, since a sound
velocity corresponding to a result of spatial frequency analy-
sis that has a highest intensity for the given spatial frequency
fis set as optimal sound velocity in the reception beamform-
ing and transmission beamforming, an optimal sound veloc-
ity can be set regardless of the presence of a structure in the
region of interest R. This will be particularly described based
on FIG. 11.

[0077] Referring to FIG. 11, a structure X, such as a blood
vessel or a bone, is present in the region of interest R. The
structure X extends in the direction u orthogonal to the ultra-
sound acoustic-line direction v. In the region of interest R in
which such a structure X is present, the intensity of a spatial
frequency with low frequency component corresponding to
the structure X is higher in the results Re1B-Re3SB of spatial
frequency analysis as compared with that in a region of inter-
est in which the structure X is not present. However, regard-
less of whether the structure X is present in the region of
interest R or not, there exists a result of spatial frequency
analysis that has a highest intensity for the given spatial
frequency f among the results RelB-Re5B of spatial fre-
quency analysis. Therefore, according to the present embodi-
ment as described above, an optimal sound velocity can be set
regardless of the presence of a structure in the region of
interest R.

[0078] Next, a variation of the first embodiment will be
described based on a flow chart in FIG. 12. First, at Step S11,
a B-mode image BI is displayed, as in Step S1 described
above. Upon display of the B-mode image BI, an operator
makes an input for defining a plurality of regions of interest
R1, R2, R3 at the operating section 7. This input causes the
region-of-interest defining section 82 to define the regions of
interest R1, R2, R3 in the B-mode image BI, as shown in FIG.
13.

[0079] In this variation, again, the regions of interest R1,
R2, R3 may be automatically defined by the region-of-inter-
est defining section 82.

[0080] Next, at Step S12, reception beamforming and
transmission beamforming are performed based on each of
the sound velocities S1, S2, S3, S4, S5, as in Step S2
described above.

[0081] Next, at Step S13, the spatial frequency analyzing
section 81 applies spatial frequency analysis to each of the
data D1-D5, as in Step S13 described above, for each of the
regions of interest R1, R2, R3.

[0082] Next, at Step S14, the sound-velocity setting section
84 sets an optimal sound velocity. Now this will be particu-
larly described. The sound-velocity setting section 84 com-
pares intensities of the given spatial frequency f with one
another among the results Rel A-ReSA of spatial frequency
analysis in the region of interest R1. Similarly, the sound-
velocity setting section 84 compares intensities of the given
spatial frequency f with one another among the results Rel A-
Re5A of spatial frequency analysis for each of the regions of
interest R2, R3.

[0083] Moreover, the sound-velocity setting section 84
compares intensities of the given spatial frequency fwith one
another among the results Re1B-Re5B of spatial frequency
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analysis in the region of interest R1. Similarly, the sound-
velocity setting section 84 compares intensities of the given
spatial frequency fwith one another among the results Rel1B-
Re5B of spatial frequency analysis for each of the regions of
interest R2, R3.

[0084] The sound-velocity setting section 84 identifies a
result of spatial frequency analysis that gives a largest differ-
ence between highest and lowest intensities in the result of
comparison of each intensity of the given spatial frequency f,
and sets a sound velocity corresponding to the result of spatial
frequency analysis as optimal sound velocity. For example, in
case that a largest difference is found for the region of interest
R2 between the intensity A3 ofthe given spatial frequency fin
the result Re3B of spatial frequency analysis and the intensity
Al of the given spatial frequency f in the result RelB of
spatial frequency analysis, the sound-velocity setting section
84 sets the sound velocity S3 corresponding to the result
Re3B of spatial frequency analysis in theregion of interest R2
as optimal sound velocity.

[0085] Next, a second embodiment will be described. Since
the basic configuration of the ultrasonic diagnostic apparatus
in the second embodiment is similar to that in the first
embodiment, an operation thereof will be described herein-
below based on a flow chart in FIG. 14.

[0086] First, at Step S21, an operator starts transmission/
reception of ultrasound to display a B-mode image BI, and
defines a region of interest R, as in Step S1 described above.
At Step S21, the sound velocity in transmission beamforming
and reception beamforming in displaying the B-mode image
BI is again a given preset sound velocity.

[0087] Next, at Step S22, the spatial frequency analyzing
section 81 performs spatial frequency analysis for the region
of interest R. At Step S22, the spatial frequency analyzing
section 81 applies spatial frequency analysis to data D
obtained by reception beamforming based on the given sound
velocity. The spatial frequency analysis is again two-dimen-
sional FFT, for example, as in the first embodiment.

[0088] Next, at Step S23, the decision section 83 decides
whether a position of the region of interest R is suitable or not.
The phrase that a position of the region of interest R is suitable
as used herein refers to a condition that the region of interest
R is defined at a position at which a structure hindering
determination of an optimal sound velocity at Step S25,
which will be described below, is not present within the
region of interest R.

[0089] Inparticular, in the result of spatial frequency analy-
sis obtained at Step S22 described above, the decision section
83 compares an intensity of a first spatial frequency f1 corre-
sponding to a structure hindering determination of the opti-
mal sound velocity, with an intensity of a second spatial
frequency 2 different from the first spatial frequency f1 to
decide whether or not the obstacle is contained in the region
of interest. The structure hindering determination of the opti-
mal sound velocity is, for example, the structure X such as a
blood vessel or a bone, as shown in FIG. 11 described above.
The structure X represents an exemplary embodiment of the
obstacle in the present invention.

[0090] Incasethatthe structure X extending in the direction
u orthogonal to the acoustic-line direction v is a structure
hindering determination of the optimal sound velocity, the
first spatial frequency f1 has a low spatial frequency compo-
nent corresponding to the structure X. The low spatial fre-
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quency component corresponding to the structure X is a spa-
tial frequency component having a higher intensity when the
structure X is present.

[0091] The second spatial frequency f2 is, for example, the
given spatial frequency f.

[0092] As such, in case that the structure X is contained in
the region of interest R, a difference or a ratio between the
intensity of the first spatial frequency f1 and the intensity of
the second spatial frequency f2 is increased in a result of FEFT
in the direction u orthogonal to the acoustic-line direction v as
compared with a case in which the structure X is not con-
tained in the region of interest R. Accordingly. the decision
section 83 compares the intensity of the first spatial frequency
f1 with the intensity of the second spatial frequency {2, and in
case that a difference or a ratio between them is equal to or
greater than the given threshold, it decides the position of the
region of interest R is not suitable because the structure X is
contained in the region of interest R (“NO” at Step S23).

[0093] On the other hand, in case that the difference or ratio
between the intensity of the first spatial frequency 1 and the
intensity of the second spatial frequency f2 is less than the
given threshold, the decision section 83 decides that the posi-
tion of the region of interest R is suitable because the structure
X is not contained in the region of interest R (“YES” at Step
S23).

[0094] Incase that the position of the region of interest R is
decided not to be suitable at Step S23, flow proceeds to
processing at Step S24. At Step S24, the operator redefines the
region of interest R, as in Step S5 described above. Once the
region of interest R has been redefined, flow goes back to
processing at Step S22.

[0095] On the other hand, in case that the position of the
region of interest R is decided to be suitable at Step S23, flow
proceeds to processing at Step S25. At Step S25, the reception
beamformer 32 applies reception beamforming to echo sig-
nals obtained at the ultrasonic probe 2 based on a plurality of
different sound velocities. For example, the reception beam-
former 32 performs reception beamforming based on each of
the sound velocities S1, 82, 83, 84, S5.

[0096] Moreover, the transmission beamformer 31 may
perform transmission beamforming based on a plurality of
different sound velocities at Step S2. For example, the trans-
mission beamformer 31 may perform transmission beam-
forming based on each of the sound velocities 81, S2, 83, 34,
S5.

[0097] It should be noted that the number of sound veloci-
ties used in the reception beamforming and transmission
beamforming may be more than or less than five, as in Step S2
described above.

[0098] Next, at Step S26, the sound-velocity setting section
84 sets an optimal sound velocity. In the present embodiment,
the sound-velocity setting section 84 sets the optimal sound
velocity by a different technique from that in the first embodi-
ment. Now this will be particularly described. First, the
sound-velocity setting section 84 calculates a difference
between B-mode image data at every pair of pixels that are
adjacent to each other in the direction u orthogonal to the
acoustic-line direction v in the region of interest R whose
position is decided to be suitable at Step S23 described above,
and calculates a total sum of absolute values of the differences
in the region of interest R. The B-mode image data refers to
B-mode image data obtained from data obtained by reception
beamforming at Step S25 described above.
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[0099] The total sum of absolute values of the differences
refers to a total sum Sum1 for B-mode image data obtained
from the data D1 obtained by reception beamforming based
on the sound velocity S1, a total sum Sum?2 for B-mode image
data obtained from the data D2 obtained by reception beam-
forming based on the sound velocity S2, a total sum Sum3 for
B-mode image data obtained from the data D3 obtained by
reception beamforming based on the sound velocity S3, a
total sum Sum4 for B-mode image data obtained from the
data D4 obtained by reception beamforming based on the
sound velocity S4, and a total sum Sum5 for B-mode image
data obtained from the data D5 obtained by reception beam-
forming based on the sound velocity S5.

[0100] Next, the sound-velocity setting section 84 identi-
fies a largest one of the total sums Sum1-SumS5, and sets the
sound velocity corresponding to the B-mode image data that
gives the largest total sum as optimal sound velocity. For
example, in case that the total sum Sum3is a largest total sum,
the sound-velocity setting section 84 sets the sound velocity
S3 corresponding to B-mode image data that gives the total
sum Sum3 as optimal sound velocity. Once the optimal sound
velocity has been set, reception beamforming and transmis-
sion beamforming are performed based on the optimal sound
velocity, as in the first embodiment, and a B-mode image is
displayed.

[0101] According to the present embodiment, the region of
interest R may be defined at a position at which the structure
X is not contained, and an optimal sound velocity can be set.

[0102] Next, a variation of the second embodiment will be
described. Inthis variation, the control section 8 loads thereon
a program stored in the storage section 9 and executes func-
tions of the spatial frequency analyzing section 81, region-
of-interest defining section 82, decision section 83, and
sound-velocity setting section 84, and besides, executes func-
tions of a movement detecting section 85 and a position
correcting section 86 by the program, as shown in FIG. 15.
The movement detecting section 85 represents an exemplary
embodiment of the movement detecting section in the present
invention. The position correcting section 86 represents an
exemplary embodiment of the position correcting section in
the present invention.

[0103] An operation of the variation will now be described.
In the present variation, movement of a portion in which the
region of interest R is defined in a subject is detected by the
movement detecting section 85, and based on a detected
amount of movement, the position of the region of interest R
is corrected by the position correcting section 85. This will be
particularly described based on a flow chart in FIG. 16. The
processing at Steps S21-S24 is similar to that in the flow chart
in FIG. 14. At Step S23 described above, in case that a posi-
tion of the region of interest R is decided to be suitable, flow
proceeds to processing at Step S30. At Step S30, the sound-
velocity setting section 84 sets an optimal sound velocity. The
setting of an optimal sound velocity at Step S30 will be
described based on a flow chart in FIG. 17.

[0104] First, at Step 3301, transmission beamforming and
reception beamforming are performed based on a given sound
velocity. For example, transmission beamforming and recep-
tion beamforming are performed here based on the first sound
velocity S1. It should be noted that at Step S310, which will
be described later, the sound velocity is sequentially modi-
fied, and reception beamforming and transmission beam-
forming are performed based on a sound velocity in a
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sequence of the sound velocity S1, and then, the sound veloc-
ity S2, sound velocity S3, sound velocity S4, and sound
velocity S5 at Step S301.

[0105] Next, at Step S302, the movement detecting section
85 detects movement of a portion in which the region of
interest R is defined in the subject, and decides whether or not
the portion in which the region of interest R is defined has
moved. The movement detected by the movement detecting
section 85 indicates how much the region of interest R at a
time when reception beamforming and transmission beam-
forming were performed based on a sound velocity set at
immediately preceding Step S301 has moved in what direc-
tion with respect to the region of interest R at a time when
reception beamforming and transmission beamforming were
performed based on a sound velocity set at next preceding
Step S301 before immediately preceding Step S301. For
example, how much the region of interest Rat a time when
reception beamforming and transmission beamforming were
performed based on the sound velocity S2 has moved in what
direction with respect to the region of interest R at a time
when reception beamforming and transmission beamforming
were performed based on the sound velocity S1 is detected by
the movement detecting section 85.

[0106] It should be noted that, in case that the sound veloc-
ity set at immediately preceding Step S301 is the sound veloc-
ity 81, no reception beamforming and transmission beam-
forming were performed before the reception beamforming
and transmission beamforming based on the sound velocity
S1. In this case, movement of the region of interest R is null.

[0107] The movement detecting section 85 calculates an
amount of movement of the region of interest R based on, for
example, correlation calculation on B-mode image data. In
case that the region of interest R is decided to move (“YES”
at Step S302), flow proceeds to processing at Step S303.

[0108] At Step S303, the position correcting section 86
moves the region of interest R based on the movement
detected at Step S302 to perform position correction on the
region of interest R.

[0109] After the position correction on the region of inter-
est R has been performed at Step S303, or in case that the
region of interest R is decided not to move at Step S302
(“NO” at Step S302), flow proceeds to processing at Step
S304. At Step S304, the control section 8 decides whether or
not a correlation coefficient, which is obtained by the corre-
lation calculation by the movement detecting section 85 at
Step S302, is lower than a given threshold.

[0110] In case that the correlation coefficient is decided to
be lower than the given threshold at Step S304 (“YES” at Step
S304), flow proceeds to processing at Step S305. At Step
S305, the display processing section 5 displays an alarm
image in the display section 6. The alarm image is an image
indicating that the correlation coefficient is lower than the
given threshold. The alarm image is displayed by reason that
the correlation coefficient is lower than the given threshold
and the amount of movement is too large. The alarm image
represents an exemplary embodiment of the alarm in the
present invention. The display section 6 represents an exem-
plary embodiment of the notifying section in the present
invention.

[0111] Itshouldbe noted that an alarm sound may be output
at Step S305 from a speaker, which is not shown, instead of
displaying the alarm image.
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[0112] Once the alarm image has been displayed (or the
alarm sound has been output) at Step S305, flow goes back to
“START” in the flow chart in FIG. 16. Thus, the processing
flow is started again.

[0113] On the other hand, in case that the correlation coef-
ficient is decided to be equal to or greater than the given
threshold at Step S304 (“NO” at Step S304), flow proceeds to
processing at Step S306. At Step S306, the sound-velocity
setting section 84 calculates a difference between B-mode
image data at every pair of pixels that are adjacent to each
other in the direction u orthogonal to the acoustic-line direc-
tion v in the region of interest R, and calculates a total sum of
absolute values of the differences in the region of interest R.
The B-mode image data is obtained from the data obtained by
reception beamforming based on a given sound velocity at
immediately preceding Step S301.

[0114] Next, at Step S307, the control section 8 decides
whether reception beamforming and transmission beam-
forming based on all sound velocities S1-S5 have been per-
formed or not. In case that reception beamforming and trans-
mission beamforming based on all sound velocities S1-S5 are
decided not to be performed (“NO” at Step S307), flow pro-
ceeds to processing at Step S308.

[0115] At Step 308, the sound velocity used in reception
beamforming and transmission beamforming is modified.
Once the sound velocity has been modified at Step S308, flow
goes back to the processing at Step S301, wherein reception
beamforming and transmission beamforming based on the
modified sound velocity are performed. For example, when
the sound velocity used at immediately preceding Step S301
is the sound velocity S1, it is modified to the sound velocity
S2 at Step S308.

[0116] On the other hand, in case that reception beamform-
ing and transmission beamforming based on all sound veloci-
ties S1-S5 are decided to be performed at Step S307 (“YES”
at Step S307), flow proceeds to processing at Step S309. At
Step S309, the sound-velocity setting section 84 sets an opti-
mal sound velocity. The sound-velocity setting section 84
identifies a largest one of the total sums Sum1-Sum5, and sets
the sound velocity corresponding to the B-mode image data
that gives the largest total sum as optimal sound velocity, as in
Step S26 described above.

[0117] While the present invention has been described with
reference to the embodiments, it will be easily recognized that
the present invention may be practiced with several modifi-
cations without departing from the spirit and scope thereof.
For example, setting of an optimal sound velocity may be
performed at least in reception beamforming.

[0118] Moreover, the control section 8 in the first embodi-
ment may have the movement detecting section 85 and posi-
tion correcting section 86. In this case, the movement detect-
ing section 85 detects movement of a portion in which the
region of interest R, R1, R2, R3 subjected to spatial frequency
analysis is defined at Step S3 in FIG. 4 and Step S13 in FIG.
12. The detection of movement is performed between data
obtained by reception beamforming based on different sound
velocities. For example, movement of a portion in which the
region of interest R, R1, R2, R3 is defined is detected between
the data D1 obtained by reception beamforming based on the
sound velocity S1 and data D2 obtained by reception beam-
forming based on the sound velocity S2.

[0119] The position correcting section 86 moves the region
of interest R, R1, R2, R3 based on the movement detected by
the movement detecting section 85 to perform position cor-
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rection on the region of interest R, R1, R2, R3. Spatial fre-
quency analysis is applied for the region of interest R, R1,R2,
R3 after position correction.

[0120] This written description uses examples to disclose
the invention, including the preferred embodiments, and also
to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and per-
forming any incorporated methods. The patentable scope of
the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if
they have structural elements that do not differ from the literal
language of the claims, or if they include equivalent structural
elements with insubstantial differences from the literal lan-
guages of the claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe configured to transmit and receive
ultrasound to and from a subject;

a reception beamformer configured to apply reception
beamforming based on a plurality of different sound
velocities to ultrasonic echo signals obtained by said
ultrasonic probe;

a spatial frequency analyzer configured to apply spatial
frequency analysis to each of data obtained by said
reception beamforming based on each of said plurality
of different sound velocities; and

asound-velocity controller configured to set a sound veloc-
ity corresponding to one of results of said spatial fre-
quency analysis corresponding respectively to said plu-
rality of different sound velocities that has a highest
intensity for a given spatial frequency, as optimal sound
velocity in said reception beamforming,

2. The ultrasonic diagnostic apparatus according to claim

1, wherein said sound-velocity setting section compares
intensities of said given spatial frequency with one another
among results of said spatial frequency analysis correspond-
ing respectively to said plurality of different sound velocities,
and in case that a difference between highest and lowest
intensities is equal to or greater than a given threshold, it sets
asound velocity corresponding to a result of spatial frequency
analysis that has said highest intensity as optimal sound
velocity in said reception beamforming.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein in case that a set sound velocity in said reception
beamforming matches a sound velocity in biological tissue of
said subject, said given spatial frequency is a spatial fre-
quency that is dominant in a speckle pattern of an ultrasonic
image, said speckle pattern being determined according to
properties of said biological tissue and parameters affecting
spatial resolution of an ultrasonic image.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein:

said spatial frequency analyzer performs said spatial fre-
quency analysis for a region of interest in said subject,
and

said apparatus further comprises a processor configured to
compare intensities of said given spatial frequency with
one another among results of said spatial frequency
analysis corresponding respectively to said plurality of
different sound velocities, and in case that a difference
between highest and lowest intensities is smaller than a
given threshold, to decide a position of said region of
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interest is not suitable for determining an optimal sound
velocity in said reception beamforming.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein:

said spatial frequency analyzer applies spatial frequency
analysis to each of data obtained by reception beam-
forming based on each of said plurality of different
sound velocities for each of a plurality of regions of
interest in said subject, and

said sound-velocity controller compares intensities of said
given spatial frequency with one another among results
of said spatial frequency analysis corresponding respec-
tively to said plurality of different sound velocities in
each of said plurality of regions of interest, identifies a
sound velocity corresponding to a result of spatial fre-
quency analysis in a region of interest that gives a largest
difference between highest and lowest intensities, and
sets said sound velocity as said optimal sound velocity.

6. The ultrasonic diagnostic apparatus according to claim
4, further comprising:

a movement detector configured to detect movement of a
portion in which said region of interest is defined in said
subject; and

a position correcting unit configured to perform position
correction on said region of interest based on the move-
ment detected by said movement detector,

wherein said spatial frequency analyzer performs spatial
frequency analysis for said region of interest after posi-
tion correction.

7. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe configured to transmit and receive
ultrasound to and from a subject;

a reception beamformer configured to apply reception
beamforming to ultrasonic echo signals obtained by said
ultrasonic probe based on a given sound velocity;

a spatial frequency analyzer configured to perform spatial
frequency analysis in a region of interest in said subject
based on data obtained by said reception beamforming;
and

a processor configured to compare, in a result of said spa-
tial frequency analysis, an intensity of a first spatial
frequency corresponding to an obstacle hindering deter-
mination of an optimal sound velocity in said reception
beamforming with an intensity of a second spatial fre-
quency different from said first spatial frequency, and to
decide whether or not said obstacle is contained in said
region of interest.

8. The ultrasonic diagnostic apparatus according to claim
7, wherein said processor makes a decision based on whether
or not a difference or a ratio between the intensity of said first
spatial frequency and the intensity of said second spatial
frequency is equal to or greater than a given threshold.

9. The ultrasonic diagnostic apparatus according to claim
7, wherein:

said reception beamformer applies reception beamforming
to ultrasonic echo signals obtained from said region of
interest based on a plurality of different sound velocities,
and

said apparatus further comprises a sound-velocity control-
ler configured to identify a sound velocity that gives
highest spatial resolution of an ultrasonic image in a
region of interest in which said obstacle is decided not to
be contained by said decision section based on each of
data obtained by said reception beamforming by each of
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said plurality of different sound velocities, and to set said
sound velocity as optimal sound velocity in said recep-
tion beamforming.

10. The ultrasonic diagnostic apparatus according to claim

9, wherein said sound-velocity controller calculates a differ-
ence between said data at every pair of pixels that are adjacent
to each other in a given direction in said region of interest,
calculates a total sum of absolute values of said differences,
and identifies a sound velocity that gives highest spatial reso-
lution of an ultrasonic image based on said total sum.

11. The ultrasonic diagnostic apparatus according to claim

9, further comprising:

a movement detector configured to detect movement of a
portion in which said region of interest is defined in said
subject; and

a position correcting unit configured to perform position
correction on said region of interest based on the move-
ment detected by said movement detector,

wherein said sound-velocity controller sets an optimal
sound velocity based on data in said region of interest
after position correction.

12. The ultrasonic diagnostic apparatus according to claim
11, whetein:

said movement detector performs said detection of move-
ment by correlation calculation, and

said apparatus further comprises an alarm configured to
generate a signal in case that a correlation coefficient in
said correlation calculation is lower than a given thresh-
old.

13. The ultrasonic diagnostic apparatus according to claim
4, further comprising:
a display configured to show a result of decision by said
processor.

14. The ultrasonic diagnostic apparatus according to claim
4, further comprising:
aregion-of-interest defining unit configured to, in case that
said region of interest is decided by said decision section
notto be suitable as region of interest for determining an
optimal sound velocity in said reception beamforming,
define said region of interest at another position.

15. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
a transmission beamformer configured to perform trans-
mission beamforming based on a plurality of different
sound velocities,

wherein said sound-velocity controller sets an optimal
sound velocity in said reception beamforming as opti-
mal sound velocity in said transmission beamforming.

16. The ultrasonic diagnostic apparatus according to claim
1, wherein said spatial frequency analyzer applies said spatial
frequency analysis to image data obtained by scan-converting
data output from said reception beamformer.
17. The ultrasonic diagnostic apparatus according to claim
1, wherein said spatial frequency analyzer applies said spatial
frequency analysis to raw data output from said reception
beamformer and before being scan-converted.
18. The ultrasonic diagnostic apparatus according to claim
1, wherein:
said spatial frequency analyzer performs two-dimensional
spatial frequency analysis in a first direction and a sec-
ond direction different from said first direction to obtain



US 2015/0342568 A1l
10

a result of spatial frequency analysis in said first direc-
tion and a result of spatial frequency analysis in said
second direction.
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