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(57) ABSTRACT

In the ultrasound diagnostic apparatus, the ultrasonic wave
transmitter/receiver transmits and receives an ultrasonic
beam to a subject to generate reception data; the delay
correction unit corrects a delay time of the reception data to
align a phase of the reception data; the reception aperture
level setting unit sets two or more reception aperture levels
of reception data from reception data after correction of the
delay time; the image producer produces ultrasound images
corresponding to the set reception aperture levels, by per-
forming phase matching addition on the reception data after
correction of the delay time; and the image quality deter-
mination unit determines image qualities of the ultrasound
images corresponding to the set reception aperture levels
and selects an ultrasound image having a predetermined
image quality.
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FIG. 3
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1
ULTRASOUND DIAGNOSTIC APPARATUS
AND DATA PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2013/064485 filed on May 24,
2013, which claims priority under 35 U.S.C. § 119(a) to
Japanese Application No. 2012-120013 filed on May 25,
2012. Each of the above applications is hereby expressly
incorporated by reference, in its entirety, into the present
application.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasound diagnostic
apparatus and a data processing method for creating and
displaying an ultrasound image of a diagnostic region of a
subject using an ultrasonic wave.

An ultrasound diagnostic apparatus using an ultrasound
image has hitherto been put into practical use in the field of
medicine. In general, the ultrasound diagnostic apparatus
has an ultrasound probe in which a transducer array is
installed, and an apparatus body connected to the ultrasound
probe. In the ultrasound diagnostic apparatus, an ultrasonic
beam is transmitted from the ultrasound probe toward a
subject, an ultrasonic echo, which is a reflected ultrasonic
beam from the subject, is received by the ultrasound probe
to acquire a reception signal, and the acquired reception
signal is electrically processed by the apparatus body to
produce an ultrasound image.

In the conventional ultrasound diagnostic apparatus, the
value of the sound speed of ultrasonic wave set for the entire
apparatus is fixed to a certain value assuming that the sound
speed of ultrasonic wave in the living body of the subject is
constant.

However, since the sound speed changes depending on
differences in tissues such as a fat layer and a muscular layer
in the living body, the sound speed of ultrasonic wave in the
subject (hereinafter, referred to as an ambient sound speed)
is not uniform. In addition, since the thickness of the fat
layer or the muscular layer is different between a fat subject
and a thin subject, there are individual differences in the
ambient sound speed for each subject.

As described above, in the conventional ultrasound diag-
nostic apparatus, the sound speed of ultrasonic wave set for
the entire apparatus (hereinafter, referred to as a set sound
speed) is fixed to a certain value. In this case, the more the
ambient sound speed, which is the sound speed in the
subject, deviates from the set sound speed, the more the
arrival time of the reflected wave (ultrasonic echo) deviates
from the delay time set for the ultrasonic wave transmission/
reception circuit. For this reason, there has been a problem
in that the focusing is degraded, and accordingly, the quality
of the obtained ultrasound image is degraded.

In contrast, as shown in FIG. 8, the first embodiment
described in JP 2009-142680 A discloses an ultrasound
diagnostic apparatus which includes an ultrasonic wave
transmitter/receiver 2 that drives a probe 1 to transmit
ultrasonic waves to a subject and processes signals of the
reflected echo from the subject, a phasing adder 3 that aligns
the phases of the reception signals processed by the ultra-
sonic wave transmitter/receiver 2, and an image display unit
4 that displays the signals from the phasing adder 3 as an
image, and in the ultrasound diagnostic apparatus, a plurality
of values of switching interval of the optimal reception wave
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delay correction value are stored in advance in a focus
switching interval storage unit 7 for each observation region
or each physique of the subject, a focus switching interval
instruction unit 8 sets an arbitrary switching interval of
reception wave delay correction value in the focus switching
interval storage unit 7, and the phasing adder 3 adjusts the
focus according to the set switching interval of reception
wave delay correction value.

SUMMARY OF THE INVENTION

However, even if a plurality of values of the switching
interval of reception wave delay correction value are pre-
pared and appropriately switched as in the focus adjusting
method disclosed in JP 2009-142680 A, there has been a
problem in that adjustment to the optimal focusing is diffi-
cult if the quality of the original reception signal is poor.

The present invention has been made to solve the above-
described problems, and it is an object of the present
invention to provide an ultrasound diagnostic apparatus and
a data processing method capable of adjusting an ultrasound
image so as to have the optimal focus even if the quality of
the original reception signal of the ultrasound image is poor.

To attain the above object, the present invention provides
an ultrasound diagnostic apparatus, comprising:

an ultrasonic wave transmitter/receiver configured to
transmit an ultrasonic beam to a subject and receive an
ultrasonic echo, which is a reflected ultrasonic beam from
the subject, to generate reception data;

a delay correction unit configured to correct a delay time,
which is a difference in arrival time of the ultrasonic echo in
the reception data, to align a phase of the reception data;

a reception aperture level setting unit configured to set
two or more reception aperture levels of reception data
which is used when producing an ultrasound image from
reception data after correction of the delay time by the delay
correction unit;

an image producer configured to produce ultrasound
images each corresponding to each of the reception aperture
levels set by the reception aperture level setting unit, by
performing phase matching addition and predetermined data
processing on the reception data after correction of the delay
time corresponding to each of the set reception aperture
levels; and

an image quality determination unit configured to deter-
mine image qualities of the ultrasound images each corre-
sponding to each of the set reception aperture levels and
select an ultrasound image having a predetermined image
quality from among the ultrasound images each correspond-
ing to each of the set reception aperture levels.

Also, the present invention provides a data processing
method, comprising steps of:

transmitting an ultrasonic beam to a subject and receiving
an ultrasonic echo, which is a reflected ultrasonic beam from
the subject, to generate reception data;

correcting a delay time, which is a difference in arrival
time of the ultrasonic echo in the reception data, to align a
phase of the reception data;

setting two or more reception aperture levels of reception
data which is used when producing an ultrasound image
from reception data after correction of the delay time;

producing ultrasound images each corresponding to each
of the set reception aperture levels by performing phase
matching addition and predetermined data processing on the
reception data after correction of the delay time correspond-
ing to each of the set reception aperture levels; and
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determining image qualities of the ultrasound images each
corresponding to each of the set reception aperture levels
and selecting an ultrasound image having a predetermined
image quality from among the ultrasound images each
corresponding to each of the set reception aperture levels.

In the present invention, two or more reception aperture
levels of reception data which is used when producing an
ultrasound image from reception data after delay time cor-
rection are set, ultrasound images corresponding to the
respective set reception aperture levels are produced from
the reception data after delay time correction, and an ultra-
sound image having a predetermined image quality is
selected from among the produced ultrasound images.

Thus, according to the present invention, it is possible to
adjust an ultrasound image so as to have the optimal focus
even if the quality of the original reception data is poor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of an
embodiment of an ultrasound diagnostic apparatus for car-
rying out a data processing method of the present invention.

FIG. 2 is a block diagram showing the configuration of an
image producer shown in FIG. 1.

FIG. 3 is a flowchart showing the flow of the process in
the ultrasound diagnostic apparatus shown in FIG. 1.

FIG. 4 is a conceptual diagram showing the flow of the
process in the ultrasound diagnostic apparatus shown in
FIG. 1.

FIG. 5 is a conceptual diagram of an embodiment show-
ing the flow of the process in the ultrasound diagnostic
apparatus shown in FIG. 1.

FIGS. 6A, 6B, and 6C are conceptual diagrams respec-
tively showing the states of three pieces of reception data
after delay time correction corresponding to the three recep-
tion aperture levels nl=64, n2=32, and n3=16 and the
ultrasound images (brightness images) thereof.

FIG. 7 is a graph showing the state of the cross section of
each of ultrasound images at time t1 corresponding to the
three reception aperture levels n1=64, n2=32, and n3=16.

FIG. 8 is a block diagram showing the configuration of an
ultrasound diagnostic apparatus disclosed in JP 2009-
142680 A.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, an ultrasound diagnostic apparatus and a data
processing method of the present invention will be described
in detail based on preferred embodiments shown in the
accompanying drawings.

FIG. 1 is a block diagram showing the configuration of a
first embodiment of an ultrasound diagnostic apparatus for
carrying out a data processing method of the present inven-
tion.

An ultrasound diagnostic apparatus 10 shown in FIG. 1 is
configured with an ultrasound probe 12 and an apparatus
body 13 connected to the ultrasound probe 12.

The apparatus body 13 includes a transmission circuit 14,
a reception circuit 16, a reception data retention unit 22, a
delay correction unit 44, a reception aperture level setting
unit 24, an image producer 18, an image quality determi-
nation unit 52, a display controller 32, a display unit 34, a
controller 36, an operating unit 38, and a storage unit 40.

The ultrasound diagnostic apparatus 10 is an apparatus
which transmits an ultrasonic beam from the ultrasound
probe 12 toward a subject, receives an ultrasonic echo which
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is a reflected ultrasonic beam from the subject, and produces
and displays an ultrasound image from the reception signal
of the ultrasonic echo.

The ultrasound probe 12 is used in a state of being brought
into contact with a subject, and has a transducer array 42
which is used in a usual ultrasound diagnostic apparatus.

The transducer array 42 has a plurality of ultrasound
transducers (ultrasonic wave transmission/reception ele-
ments) which are one-dimensionally or two-dimensionally
arranged. When an ultrasound image is captured, each of the
plurality of ultrasound transducers transmits an ultrasonic
beam toward the subject in accordance with a driving signal
supplied from the transmission circuit 14, receives an ultra-
sonic echo from the subject (that is, the ultrasonic beam
reflected by the subject), and outputs a reception signal.

Each ultrasound transducer is constituted by a vibrator in
which electrodes are formed at both ends of a piezoelectric
substance formed of, for example, a piezoelectric ceramic
represented by PZT (lead zirconate titanate), a polymer
piezoelectric element represented by PVDF (polyvinylidene
fluoride), a piezoelectric single crystal represented by PMN-
PT (lead magnesium niobate-lead titanate solid solution), or
the like.

If a pulsed or continuous-wave voltage is applied across
the electrodes of the vibrator, the piezoelectric substance
expands and contracts; whereby pulsed or continuous-wave
ultrasonic waves are generated from the vibrator, and the
generated ultrasonic waves are synthesized to form an
ultrasonic beam. When receiving propagating ultrasonic
wave, each vibrator expands and contracts to generate an
electric signal and the electric signal is output as the recep-
tion signal of the ultrasonic wave.

Meanwhile, in the apparatus body 13, the transmission
circuit 14 includes a plurality of pulsers, for example. The
transmission circuit 14 performs transmission focusing to
adjust the amount of delay of each driving signal (timing of
applying a driving signal) so that ultrasonic waves trans-
mitted from the plurality of ultrasound transducers of the
transducer array 42 form an ultrasonic beam based on the
transmission delay pattern selected by the controller 36, and
supplies the adjusted driving signals to the plurality of
ultrasound transducers. Thus, the ultrasonic beams are trans-
mitted from the plurality of ultrasound transducers to the
subject.

The reception circuit 16 amplifies the reception signal
supplied from each ultrasound transducer of the transducer
array 42, and A/D (analog/digital) converts the amplified
reception signal to generate reception data.

The ultrasound probe 12, the transmission circuit 14, and
the reception circuit 16 constitute an ultrasonic wave trans-
mitter/receiver in the present invention.

Here, the transmission delay pattern is pattern data of the
delay time that is given to a driving signal in order to form
an ultrasonic beam in a desired direction with ultrasonic
waves transmitted from the plurality of ultrasound transduc-
ers. The reception delay pattern is pattern data of the delay
time that is given to a reception signal in order to extract an
ultrasonic echo from a desired direction with ultrasonic
waves received by the plurality of ultrasound transducers.

A plurality of transmission delay patterns and a plurality
of reception delay patterns are stored in the storage unit 40
in advance. The controller 36 selects one transmission delay
pattern and one reception delay pattern from the plurality of
transmission delay patterns and the plurality of reception
delay patterns stored in the storage unit 40 and outputs
control signals to the transmission circuit 14 and the delay
correction unit 44 according to the selected transmission
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delay pattern and reception delay pattern, thereby perform-
ing transmission/reception control of the ultrasonic wave.

Then, the reception data retention unit (a reception data
memory) 22 stores the reception data generated by the
reception circuit 16 in a sequential manner. In addition, the
reception data retention unit 22 stores information regarding
the frame rate (for example, parameters indicating the depth
of the reflection position of the ultrasonic wave, the density
of scanning lines, and the width of a field of vision), which
is input from the controller 36, so as to be associated with
the reception data described above.

The reception data retained in the reception data retention
unit 22 is sequentially read, and is supplied to the delay
correction unit 44.

Since the distances between the respective ultrasound
transducers and the ultrasonic reflection source in the subject
are different, the time taken for the ultrasonic echo to reach
each ultrasound transducer is different.

The delay correction unit 44 aligns the phase of the
reception data by correcting the difference in arrival time
(delay time) of the ultrasonic echo in the reception data of
a brightness image supplied from the reception data reten-
tion unit 22 based on the reception delay pattern selected by
the controller 36.

In the present embodiment, the delay correction unit 44
aligns the phase by delaying the reception data by the
difference in arrival time (delay time) of the ultrasonic echo.

In accordance with an instruction input from the operating
unit 38 by an operator, which will be described later, the
reception aperture level setting unit 24 outputs a reception
aperture level setting signal for setting two or more recep-
tion aperture (channel) levels of reception data, which is
used when the image producer 18 produces an ultrasound
image from reception data after delay time correction by the
delay correction unit 44, under the control of the controller
36.

Here, the reception aperture means the number of pieces
of reception data in the arrangement direction of the ultra-
sound transducers, which is used when producing an ultra-
sound image. That is, assuming that the number of ultra-
sound transducers in the arrangement direction is N, the total
number of channels of reception data is N.

Assuming that the reception aperture is n (n is an integer
of N or less), in the present embodiment, an ultrasound
image is produced by using reception data in the respective
ranges of n/2 from the reception data of the channel at the
center in the arrangement direction of the ultrasound trans-
ducers toward the reception data of the channel at both ends.

Then, the image producer 18 produces an ultrasound
image based on the reception data after delay time correction
supplied from the delay correction unit 44 and the reception
aperture level setting signal supplied from the reception
aperture level setting unit 24. That is, the image producer 18
produces an ultrasound images using the reception data after
delay time correction each corresponding to each of the
reception aperture levels set by the reception aperture level
setting unit 24.

As shown in FIG. 2, the image producer 18 includes N
image producing units 18_1, 18_2, . . . , and 18_N corre-
sponding to all reception aperture levels 1 to N. In addition,
each of the image producing units 18 1, 18 2, . . ., and
18_N includes a phasing adder 46, a data processor 48, and
an image creating unit 50.

The image producing units 18 1, 18_2, ..., and 18 N
create ultrasound images corresponding to the reception
aperture levels 1 to N, respectively.
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In the image producer 18, the image producing unit
corresponding to each reception aperture level set by the
reception aperture level setting unit 24 creates an ultrasound
image corresponding to each set reception aperture level.

The phasing adder 46 performs reception focus process-
ing digitally by performing phase matching addition on the
reception data after delay time correction supplied from the
delay correction unit 44.

When there is another ultrasonic reflection source at a
position different from the position of the ultrasonic reflec-
tion source, the arrival time of the reception signal from the
other ultrasonic reflection source is different. Therefore, the
phase of the reception signal from the other ultrasonic
reflection source is cancelled by addition in the phasing
adder 46. Thus, the reception signal from the ultrasonic
reflection source becomes greatest, thereby becoming in
focus. By the reception focus processing, the focus of the
ultrasonic echo is narrowed down and reception data (sound
ray signal) is generated.

The data processor 48 performs predetermined data pro-
cessing on the reception data having been subjected to the
reception focus processing by the phasing adder 46.

In the present embodiment, the data processor 48 gener-
ates a B-mode image signal (image signal of a brightness
image in which the amplitude of the ultrasonic echo is
expressed by the brightness (luminance) of a point), which
is tomographic image information regarding tissue within
the subject, by performing correction of attenuation due to
the distance depending on the depth of the reflection position
of the ultrasonic wave and then performing envelope detec-
tion processing.

The generated B-mode image signal is an image signal
obtained by a scanning system different from a usual tele-
vision signal scanning system. Therefore, the data processor
48 converts (raster-converts) the generated B-mode image
signal into a usual image signal, for example, an image
signal according to the television signal scanning system
(for example, an NTSC system).

The image creating unit 50 performs various necessary
image processing, such as gradation processing, on the
B-mode image signal which has been subjected to the data
processing by the data processor 48, and then, creates an
ultrasound image corresponding to the B-mode image signal
after the image processing.

Then, an image quality determination unit 52 determines
the image qualities of the ultrasound images each corre-
sponding to each of the respective reception aperture levels
set by the reception aperture level setting unit 24, and selects
an ultrasound image having a predetermined image quality
from among the ultrasound images corresponding to the
respective set reception aperture levels.

The image quality determination unit 52 determines the
image quality of each ultrasound image based on the bright-
ness value, sharpness, or the like of the ultrasound image
corresponding to each reception aperture level set by the
reception aperture level setting unit 24. For example, the
image quality determination unit 52 selects an ultrasound
image having a value equal to or greater than a threshold
value with respect to the brightness value, sharpness, or the
like corresponding to an ultrasound image having a prede-
termined image quality from among the ultrasound images
each corresponding to each of the respective reception
aperture levels set by the reception aperture level setting unit
24. Alternatively, the image quality determination unit 52
compares the image qualities of all ultrasound images each
corresponding to each of the respective reception aperture
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levels set by the reception aperture level setting unit 24, and
selects an ultrasound image having the highest image qual-
ity.

Subsequently, the display controller 32 causes the display
unit 34 to display the ultrasound image produced by the
image producer 18.

The display unit 34 is, for example, a display device such
as an LCD, and displays the ultrasound diagnostic image (a
video and a still image) and various setting screens under the
control of the display controller 32.

The controller 36 controls the respective constituents of
the ultrasound diagnostic apparatus 10 on the basis of
instructions input from the operating unit 38 by an operator.

The operating unit 38 is an input device for receiving
instructions input by the operator, and may be constituted by
a keyboard, a mouse, a trackball, a touch panel, or the like.

The storage unit 40 stores an operation program for
causing the controller 36 to execute control of the respective
constituents of the ultrasound diagnostic apparatus 10, the
transmission delay pattern and reception delay pattern, or
the like, and may be constituted by a recording medium such
as a hard disk, a flexible disk, an MO, an MT, a RAM, a
CD-ROM a DVD-ROM, or the like.

The delay correction unit 44, the reception aperture level
setting unit 24, the image producer 18, and the display
controller 32 are constituted by a CPU (a computer) and an
operation program for causing the CPU to execute various
processing, but these may be constituted by digital circuits.

Next, the operation of the ultrasound diagnostic apparatus
10 will be described with reference to the flowchart shown
in FIG. 3 and the conceptual diagram shown in FIG. 4. FIG.
3 is a flowchart showing the flow of the process in the
ultrasound diagnostic apparatus shown in FIG. 1, and FIG.
4 is a conceptual diagram showing the flow of the process.

An ultrasound probe 12 is brought into contact with a
subject, and an instruction of an operator is input from the
operating unit 38 to start ultrasound diagnosis.

When the ultrasound diagnosis is started, the controller 36
sets a transmission direction of the ultrasonic beam and a
reception direction of the ultrasonic echo for each ultrasound
transducer, and selects a transmission delay pattern accord-
ing to the transmission direction of the ultrasonic beam and
selects a reception delay pattern according to the reception
direction of the ultrasonic echo. Then, the controller 36
outputs control signals to the transmission circuit 14 and the
delay correction unit 44 according to the selected transmis-
sion delay pattern and the selected reception delay pattern,
thereby performing transmission/reception control of the
ultrasonic wave.

In response to this, in the transmission circuit 14, a
transmission focus of the driving signal of each ultrasound
transducer is performed based on the selected transmission
delay pattern, and the ultrasonic beams are transmitted from
the plurality of ultrasound transducers to a subject.

Then, the ultrasonic echo from the subject is received by
the plurality of ultrasound transducers, and the reception
signals are output from the plurality of ultrasound transduc-
ers.

The reception circuit 16 generates reception data by
amplifying the reception signal supplied from each ultra-
sound transducer and performing A/D conversion of the
amplified signal (step S10).

The reception data generated by the reception circuit 16 is
sequentially stored in the reception data retention unit 22
(step S12).
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Then, the reception data stored in the reception data
retention unit 22 is sequentially read, and is supplied to the
delay correction unit 44.

The delay correction unit 44 aligns the phase by correct-
ing the delay time of the reception data supplied from the
reception data retention unit 22 based on the selected
reception delay pattern (step S14).

Meanwhile, in accordance with an instruction input from
the operating unit 38 by the operator, the reception aperture
level setting unit 24 outputs a reception aperture level setting
signal for setting two or more reception aperture levels,
which is used when the image producer 18 produces an
ultrasound image, under the control of the controller 36 (step
S16).

Here, the same result is obtained regardless of the order
of the timing for setting the reception aperture levels of the
reception data and the timing for correcting the delay time
of the reception data. However, as in the present embodi-
ment, it is preferable to perform the delay time correction of
the reception data first because the processing of delay time
correction is performed only once. In contrast, in the case
where the setting of the level of reception aperture of the
reception data is performed first, the delay time correction of
the reception data has to be performed in each image
processing unit, for example.

The image producer 18 produces an ultrasound image
based on the reception data after delay time correction
supplied from the delay correction unit 44 and the reception
aperture level setting signal supplied from the reception
aperture level setting unit 24.

In the image producer 18, the image producing unit
corresponding to each reception aperture level set by the
reception aperture level setting signal produces an ultra-
sound image corresponding to each set reception aperture
level (step S18).

That is, in the image producing unit corresponding to each
set reception aperture level, the phasing adder 46 digitally
performs reception focus processing on the reception data
after delay time correction, thereby generating reception
data in which the focus of the ultrasonic echo is narrowed
down.

Then, the data processor 48 generates a B-mode image
signal by performing data processing on the reception data
which has been subjected to the reception focus processing,
and the image creating unit 50 creates an ultrasound image
from the B-mode image signal. Thus, the ultrasound image
corresponding to each reception aperture level set by the
reception aperture level setting signal is created.

Then, the image quality determination unit 52 determines
the image qualities of the ultrasound images corresponding
to the respective set reception aperture levels, and selects an
ultrasound image having a predetermined image quality, for
example, an ultrasound image having the highest image
quality (step S20).

Finally, the ultrasound image produced by the image
producer 18 is displayed on the display unit 34 under the
control of the display controller 32 (step S22).

It 1s not essential to provide the reception data retention
unit 22. Even if the reception data is not retained, it is
possible to produce ultrasound images corresponding to the
respective set reception aperture levels. In this case, for
example, a plurality of image processing units that perform
phasing addition with reception aperture levels determined
in advance are prepared, the reception data produced by the
reception circuit 16 is divided, and the pieces of data divided
are respectively supplied to the image processing units
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corresponding to the respective differently set reception
aperture levels, thereby producing ultrasound images.

In general, reception data at the center in the arrangement
direction of ultrasound transducers has a larger signal
strength than that of reception data at both ends in the
arrangement direction, and accordingly, the signal/noise
(S/N) ratio of the reception data at the center in the arrange-
ment direction is better than that at both ends in the
arrangement direction.

Therefore, when the phasing adder 46 performs phase
matching addition on the reception data after delay time
correction supplied from the delay corrector 44, the recep-
tion aperture is made narrow if the S/N ratio of the reception
data at both ends is poor. Thus, it is possible to obtain the
reception data having a good S/N ratio by performing phase
matching addition in a state where the reception data at both
ends is excluded. However, if the reception aperture is made
narrow, the weight of each piece of reception data before
phase matching addition becomes large. Accordingly, for
example, if a certain piece of reception data has noise,
reception data after phase matching addition is greatly
influenced by the noise.

As described above, the reception aperture for adjusting
the ultrasound image so as to have the optimal focus differs
depending on the quality of the original reception data or
reception signal.

For example, in the case of point reflection in which the
ultrasonic reflection source is isolated, a possibility that the
reception data will have little noise is high. Therefore, in this
case, it is thought that reducing the reception aperture is
preferable. In contrast, in the case where point reflections are
densely present as the ultrasonic reflection source such as a
calcified portion of breast cancer, a possibility that the
reception data will have noise is high. Therefore, in this case,
it is thought that increasing the reception aperture is pref-
erable.

Therefore, according to the ultrasound diagnostic appa-
ratus 10 of the present embodiment, even if the quality of the
original reception data or image signal is poor, it is possible
to adjust the ultrasound image so as to have the optimal
focus by providing the image producing units 18_1,
18_2, ..., and 18_N corresponding to all levels 1 to N of
reception aperture, setting two or more reception aperture
levels, creating ultrasound images using the image produc-
ing units corresponding to the set reception aperture levels,
and selecting an ultrasound image having a predetermined
image quality from among the created ultrasound images by
the image quality determination unit 52.

Next, an example of the case where the total number of
channels of reception data is N=64 and three reception
aperture levels n1=64, n2=32, and n3=16 are set will be
described with reference to the conceptual diagram shown in
FIG. 5. FIG. 5 is a conceptual diagram of ad embodiment
showing the flow of the process in the ultrasound diagnostic
apparatus shown in FIG. 1.

In the present embodiment, as shown in FIG. 5, the
reception aperture level setting unit 24 sets three reception
aperture levels n1=64, n2=32, and n3=16. In response to
this, in the image producer 18, ultrasound images corre-
sponding to the set three reception aperture levels nl=64,
n2=32, and n3=16 are created by image producing units
18_64, 18 32, and 18_16 corresponding to the three recep-
tion aperture levels n1=64, n2=32, and n3=16 set by the
reception aperture level setting unit 24.

Then, the image quality determination unit 52 determines
the image qualities of the ultrasound images corresponding
to the three reception aperture levels n1=64, n2=32, and
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n3=16, and selects an ultrasound image having a predeter-
mined image quality, for example, an ultrasound image
having the highest image quality.

FIGS. 6A, 6B, and 6C are conceptual diagrams showing
the states of three pieces of reception data after delay time
correction corresponding to the three reception aperture
levels n1=64, n2=32, and n3=16 and their ultrasound images
(brightness images), respectively.

For example, as shown in FIG. 6A, when the reception
aperture level is n1=64, an ultrasound image is created using
the reception data of all channels N=64. The graph on the
left side in FIG. 6 A shows the state of the reception data after
delay time correction, where the horizontal axis indicates the
arrangement direction of channels of the reception data
(arrangement direction of a plurality of ultrasound transduc-
ers), and the vertical axis indicates time. The graph on the
right side in FIG. 6A shows an ultrasound image corre-
sponding to the reception data at time t1 of the graph on the
left side in FIG. 6A.

The reception data shown in the graph in FIG. 6A is
reception data after delay time correction, and the S/N ratio
of the reception data at both ends is poor since the signal
strength at both ends is weak as described above. When the
reception aperture level is n1=64, the image producing unit
creates an ultrasound image using the reception data of all
channels. Therefore, when performing phase matching addi-
tion at time t1, a component having a phase shifted due to
the influence of noise of the reception data at both ends is
also added. As a result, the brightness value is reduced.

On the other hand, as shown in FIG. 6B, when the
reception aperture level is n2=32, an ultrasound image is
produced using the reception data of the channel of n2=32
at the center in the arrangement direction of ultrasound
transducers. In this case, the influence of noise of the
reception data at both ends is reduced. Accordingly, when
performing phase matching addition, the influence of a
component having a shifted phase of the reception data at
both ends is reduced. As a result, it is possible to obtain a
high-brightness ultrasound image, compared with the case
of the reception aperture level n1=64.

The case of the reception aperture level n13=16 shown in
FIG. 6C is also the same as the case of the reception aperture
level n2=32.

Finally, FIG. 7 is a graph showing the state of the cross
section of each of ultrasound images at time t1 correspond-
ing to the three reception aperture levels n1=64, n2=32, and
n3=16. The horizontal axis of the graph indicates a pixel
value, and the vertical axis of the graph indicates a bright-
ness value.

As shown in the graph, referring to the state of the cross
section of each of the ultrasound images at time t1 corre-
sponding to the three reception aperture levels nl=64,
n2=32, and n3=16, the brightness value becomes higher and
the sharpness becomes larger (the width of the pixel value
becomes smaller) in the order of reception aperture level
nl=64, n2=32, and n3=16.

The image quality determination unit 52 determines the
image quality of each of the ultrasound images based on the
brightness value, sharpness, or the like of the cross section
of each of the ultrasound images at time t1 corresponding to
the three reception aperture levels nl=64, n2=32, and
n3=16.

In the present embodiment, the image quality determina-
tion unit 52 determines that the ultrasound image corre-
sponding to the reception aperture level n13=16 is an image
having the highest image quality, for example.
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In the embodiment described above, the image producer
18 includes a plurality of image producing units that produce
ultrasound images corresponding to all reception aperture
levels 1 to N, and produces ultrasound images each corre-
sponding to each of the reception aperture levels set by the
reception aperture level setting unit 24 in parallel using two
or more image producing units corresponding to the set
reception aperture levels simultaneously. Thus, it is possible
to shorten the processing time by parallel processing using
a plurality of image producing units.

In contrast, the image producer 18 may have a single
image producing unit that produces an ultrasound image
from the reception data. In this case, ultrasound images each
corresponding to each of the reception aperture levels set by
the reception aperture level setting unit 24 can be sequen-
tially produced by using one image producing unit in a
time-division manner. Thus, by using one image producing
unit in a time-division mannet, it is possible to reduce the
circuit size and the apparatus cost.

In addition, when one image producing unit is used in a
time-division manner, the image quality determination unit
52 may sequentially determine the image qualities of ultra-
sound images corresponding to the reception aperture levels
1 to N, stop the determination of the image quality of each
ultrasound image when an ultrasound image having a value
equal to or greater than a threshold value with respect to the
brightness value, sharpness, or the like corresponding to an
ultrasound image having a predetermined image quality is
detected, and select the detected ultrasound image as an
ultrasound image having a predetermined image quality.
Thus, it is possible to reduce the time required for the
determination of image quality.

The present invention is basically as described above.

Hereinbefore, the present invention has been described in
detail, but needless to say, the present invention is not
limited to the above-described embodiments, and may be
improved or modified in various ways within a scope that
does not depart from the gist of the present invention.

What is claimed is:

1. An ultrasound diagnostic apparatus, comprising:

an ultrasonic wave transmitter/receiver configured to
transmit an ultrasonic beam to a subject and receive an
ultrasonic echo, which is a reflected ultrasonic beam
from the subject, to generate reception data;

a processor configured to correct a delay time, which is a
difference in arrival time of the ultrasonic echo in the
reception data, to align a phase of the reception data;

the processor further configured to set two or more
reception aperture levels of reception data which is
used when producing an ultrasound image from recep-
tion data after correction of the delay time by the delay
correction unit;

the processor further configured to produce ultrasound
images, the ultrasound images including an image for
each of the corresponding reception aperture levels, by
performing phase matching addition and a first data
processing including at least one of correction of
attenuation and gradation processing on the reception
data after correction of the delay time corresponding to
each of the set reception aperture levels; and

the processor further configured to determine image quali-
ties of the ultrasound images, the ultrasound images
including an image for each of the corresponding set
reception aperture levels and to select at least a first
ultrasound image having an image quality equal to or
greater than a first image quality from among the
ultrasound images corresponding to the respective set
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reception aperture levels, the image quality including
one of brightness, sharpness, or an index related to
signal/noise.

2. The ultrasound diagnostic apparatus according to claim

1, further comprising a reception data retention memory
configured to retain the reception data generated by the
ultrasonic wave transmitter/receiver,

wherein the processor is further configured to correct a
delay time of reception data supplied from the recep-
tion data retention unit to align the phase of the
reception data.

3. The ultrasound diagnostic apparatus according to claim

1,

wherein the processor is further configured to align the
phase by delaying the reception data corresponding to
each of a plurality of ultrasonic wave transmission/
reception elements included in the ultrasonic wave
transmitter/receiver by an amount corresponding to the
delay time.

4. The ultrasound diagnostic apparatus according to claim

1,

wherein the processor further controls a plurality of image
producing units in parallel, each of the plurality of
image producing units configured to produce an ultra-
sound image corresponding to each of the set reception
aperture levels by performing the phase matching addi-
tion and the first image processing, the processor con-
figured to produce the ultrasound images simultane-
ously.

5. The ultrasound diagnostic apparatus according to claim

1,

wherein the processor controls one image producing unit
and is configured to produce an ultrasound image
corresponding to each of the set reception aperture
levels by performing phase matching addition and the
first image processing, the processor configured to
produce the ultrasound images simultaneously.

6. The ultrasound diagnostic apparatus according to claim

1,

wherein, assuming that a number of ultrasonic wave
transmission/reception elements included in the ultra-
sonic wave transmitter/receiver in an arrangement
direction is N and that the reception aperture is n (n is
an integer of N or less), the processor produces an
ultrasound image by using reception data in a respec-
tive range of n/2 channels of data from the reception
data of the ultrasonic wave transmission/reception ele-
ment of a channel at a center in the arrangement
direction of the ultrasonic wave transmission/reception
elements toward the reception data of the ultrasonic
wave transmission/reception element of channel at both
ends of ultrasonic wave transmitter/receiver.

7. The ultrasound diagnostic apparatus according to claim

15

wherein the processor further controls:

a phasing adder configured to perform reception focus
processing by performing phase matching addition on
the reception data after delay time correction;

a data processor configured to perform the first data
processing on the reception data having been subjected
to the reception focus processing by the phasing adder;
and

an image creating unit configured to perform image
processing on the reception data which has been sub-
jected to the data processing by the data processor, and
then, create an ultrasound image corresponding to the
reception data after the image processing.
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8. The ultrasound diagnostic apparatus according to claim
7,

wherein the first data processing includes correction of
attenuation due to the distance depending on the depth
of the reflection position of the ultrasonic wave and
envelope detection processing.

9. The ultrasound diagnostic apparatus according to claim

1,

wherein the processor is further configured to determine
the image quality of the ultrasound image based on a
brightness value of the ultrasound image produced.

10. The ultrasound diagnostic apparatus according to

claim 1,

wherein the processor is further configured to determine
the image quality of the ultrasound image based on
sharpness of the ultrasound image produced.

11. The ultrasound diagnostic apparatus according to

claim 1, further comprising:

a storage having a plurality of transmission delay patterns
which are pattern data of the delay time that is given to
driving signals of a plurality of ultrasonic wave trans-
mission/reception elements included in the ultrasonic
wave transmitter/receiver in order to form the ultra-
sonic beam in a desired direction with ultrasonic waves
transmitted from the plurality of ultrasonic wave trans-
mission/reception elements, and a plurality of reception
delay patterns which are pattern data of the delay time
that is given to a reception signal of the ultrasonic echo
in order to extract the ultrasonic echo from a desired
direction with ultrasonic waves received by the plural-
ity of ultrasonic wave transmission/reception elements;
and

the processor is further configured to select one transmis-
sion delay pattern and one reception delay pattern from
the plurality of transmission delay patterns and the
plurality of reception delay patterns stored in the stor-
age and perform transmission/reception control of the
ultrasonic wave according to the selected transmission
delay pattern and reception delay pattern;

wherein the ultrasonic wave transmitter/receiver performs
transmission focusing to adjust the amount of delay of
the driving signals of the plurality of ultrasonic wave
transmission/reception elements based on the transmis-
sion delay pattern selected by the processor, and trans-
mits the ultrasonic beams from the plurality of ultra-
sonic wave transmission/reception elements to the
subject; and

the processor is further configured to align the phase of
the reception data by correcting the delay time based on
the reception delay pattern selected.

12. A data processing method, comprising steps of:

transmitting an ultrasonic beam to a subject and receiving
an ultrasonic echo, which is a reflected ultrasonic beam
from the subject, to generate reception data;
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correcting a delay time, which is a difference in arrival
time of the ultrasonic echo in the reception data, to
align a phase of the reception data;

setting two or more reception aperture levels of reception

data which is used when producing an ultrasound
image from reception data after correction of the delay
time;

producing ultrasound images, the ultrasound images

including an image for each of the corresponding set
reception aperture levels by performing phase match-
ing addition and a first data processing including at
least one of correction of attenuation and gradation
processing on the reception data after correction of the
delay time corresponding to each of the set reception
aperture levels; and

determining image qualities of the ultrasound images, the

ultrasound images including an image for each of the
corresponding set reception aperture levels and select-
ing at least an ultrasound image having an image
quality equal to or greater than a first image quality
from among the ultrasound images corresponding to
the respective set reception aperture levels, the image
quality including one of brightness, sharpness, or an
index related to signal/noise.

13. The data processing method according to claim 12,
further comprising a step of retaining the generated recep-
tion data in a reception data retention unit,

wherein the delay time of reception data read from the

reception data retention unit is corrected to align the
phase of the reception data.

14. The data processing method according to claim 12,

wherein ultrasound images corresponding to the respec-

tive set reception aperture levels are produced in par-
allel corresponding to all reception aperture levels of
the reception data.

15. The data processing method according to claim 14,

wherein, after the phase of the reception data is aligned by

correcting the delay time, the reception aperture levels
of the reception data are set, and ultrasound images
corresponding to the respective set reception aperture
levels are produced in parallel.

16. The data processing method according to claim 14,

wherein, after the reception aperture levels of the recep-

tion data are set, the phase of the reception data is
aligned by correcting the delay time corresponding to
each of the set reception aperture levels, and ultrasound
images corresponding to the respective set reception
aperture levels are produced in parallel.

17. The data processing method according to claim 12,

wherein ultrasound images corresponding to the respec-

tive set reception aperture levels are sequentially pro-
duced using, in a time-division manner, a processor
configured to produce an ultrasound image from the
reception data.



patsnap

EREW(OF) BEY MR & MBIELE S &

DF(RE)F US10123769 DF(E)A 2018-11-13

RiES US14/551558 RiER 2014-11-24
FRIBBEFR)AF) BELRAKISH

RE(EFR)AGE) ErRAHKA S

HARBEEARAGR) BEXRAFKRASHE

[#R]REAA YAMAMOTO HIROAKI

RBEA YAMAMOTO, HIROAKI

IPCHES A61B8/00 A61B8/14 G01S7/52 A61B8/08 G01S15/89

CPCHZES A61B8/14 A61B8/5207 A61B8/5269 A61B8/54 G01S7/52046 G01S7/52047 G01S15/8997 A61B8/4488

A61B8/461 A61B8/58 A61B8/585 G01S15/8915 AG61B8/4483

REBHA(F) #A , STEWART , KOLASCHE# K |, LLP
1k 4% 2012120013 2012-05-25 JP

H /A FF STk US20150080731A1

ShEBEEEE Espacenet

BEGF)

HEBERISMRES | B R R ERR/EUES @ X RS M BGE R R
LA A SRR HE SR AR IE B ST AR I $5 LKL EAHE 9 HESR B 1) DA o SR W B i
AL R AR EPRESE TERELEERH 2 ERFEZBBERER
MNRESMERBENZRAREF,BEREKSFETERELEREZ
BN EESERTEMCTEE |, A ERENERARKFEX MY
BEEGFERGRERHE S THESRENZERARKTEX LB
FRGNEGRE K HAEREATERBGRENBESE R,

~
&

AVHEY
o

i 38084 ANNOSYHLIN

FONASNVaL i &

16
/
RECEPTION|
CIRCUIT

14

| TRANSMISSION
CIRGUIT

ULTRASOUND DIAGNOSTIC
APPARATUS

2
RECEPTION
DATA
RETENTION
UNIT

3

10
{_/
m " %2 Y )
/ ) )
MAGE | [ DISPLAY
FR%AQS(EER QUALITY ~[CONTROL- man#v
DETERMI-| | LER
NATION
24 UNIT

RECEPTION

APERTURE

LEVEL SETTING:
UNIT

GONTROLLER

!
UNIT
38

| i
E

UNIT
40


https://share-analytics.zhihuiya.com/view/8d699e10-23ee-4b3e-94c0-806eb230e5b8
https://worldwide.espacenet.com/patent/search/family/049623934/publication/US10123769B2?q=US10123769B2

