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ULTRASOUND DIAGNOSTIC APPARATUS
AND DATA PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/064378 filed on May 23,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-120012 filed on May 25, 2012.
The above application is hereby expressly incorporated by
reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus and a data processing method for creating
and displaying an ultrasound image of a diagnostic region of
a subject using an ultrasonic wave.

[0003] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, the ultrasound diagnostic appa-
ratus 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 sub-
ject, 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.

[0004] Intheconventional 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.

[0005] 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.

[0006] As described above, in the conventional ultrasound
diagnostic 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 cir-
cuit. 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.

[0007] In contrast, as shown in FIG. 10, the first embodi-
ment described in JP 2009-142680 A discloses an ultrasound
diagnostic apparatus which includes an ultrasonic wave trans-
mitter/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 ultrasonic wave trans-
mitter/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
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switching interval of the optimal reception wave delay cor-
rection value are stored in advance in a focus switching inter-
val storage unit 7 for each observation region or each phy-
sique of the subject, a focus switching interval instruction unit
8 sets an arbitrary switching interval of reception wave delay
correction valuein 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

[0008] However, even if a plurality of values of the switch-
ing interval of reception wave delay correction value are
prepared 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 difficult
if the quality of the original reception signal is poor.

[0009] 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.
[0010] To attain the above object, the present invention
provides an ultrasound diagnostic apparatus, comprising:
[0011] an ultrasonic wave transmitter/receiver configured
to transmit ultrasonic beam to a subject and receive an ultra-
sonic echo, which is a reflected ultrasonic beam from the
subject, to generate reception data using a plurality of ultra-
sonic wave transmission/reception elements arranged in one
direction;

[0012] adelay 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;

[0013] a reception aperture range determination unit con-
figured to determine a reception aperture range of reception
data, which is used when producing an ultrasound image from
reception data after correction of the delay time, based on a
signal value of the reception data after correction of the delay
time in an arrangement direction of the ultrasonic wave trans-
mission/reception elements; and

[0014] an image producer configured to produce an ultra-
sound image by performing phase matching addition of the
reception data after correction of the delay me corresponding
to the reception aperture range and performing predetermined
data processing.

[0015] Also, the present invention provides a data process-
ing method, comprising steps of:

[0016] generating reception data by transmitting an ultra-
sonic beam to a subject and receiving an ultrasonic echo,
which is a reflected ultrasonic beam from the subject, using a
plurality of ultrasonic wave transmission/reception elements
arranged in one direction;

[0017] 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;

[0018] determining a reception aperture range of reception
data, which is used when producing an ultrasound image from
reception data after correction of the delay time, based on a
signal value of the reception data after correction of the delay
time in an arrangement direction of the ultrasonic wave trans-
mission/reception elements; and

[0019] producing an ultrasound image by performing
phase matching addition of the reception data after correction
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of the delay time corresponding to the reception aperture
range and performing predetermined data processing.
[0020] In the present invention, the reception aperture
range of the reception data which is used when producing an
ultrasound image is determined based on the signal value of
the reception data after correction of delay time in the
arrangement direction of the ultrasonic wave transmission/
reception elements, and the ultrasound image is produced
using the reception data corresponding to the determined
reception aperture range.

[0021] Thus, according to the present invention, it is pos-
sible to obtain the reception data having a good signal/noise
(S/N) ratio by excluding the reception data having a poor S/N
ratio at both ends in the arrangement direction of the ultra-
sonic wave transmission/reception elements. As a result, 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.1isablock diagram showing the configuration
of a first embodiment of an ultrasound diagnostic apparatus
for carrying out a data processing method of the present
invention.

[0023] FIG.2isablock diagram showing the configuration
of an image producer shown in FIG. 1.

[0024] FIG.3isa flowchart showing the flow of the process
in the ultrasound diagnostic apparatus shown in FIG. 1.
[0025] FIG. 4is a conceptual diagram showing the flow of
the process in the ultrasound diagnostic apparatus shown in
FIG. 1.

[0026] FIG. 5A is a conceptual diagram showing reception
data after delay time correction, and FIG. 5B is a graph
showing the amplitude of the reception data at time t1.
[0027] FIG. 61isablock diagram showing the configuration
of a second embodiment of an ultrasound diagnostic appara-
tus for carrying out a data processing method of the present
invention,

[0028] FIG.7isaflowchart showing the flow of the process
in the ultrasound diagnostic apparatus shown in FIG. 6.
[0029] FIG. 8is a conceptual diagram showing the flow of
the process in the ultrasound diagnostic apparatus shown in
FIG. 6.

[0030] FIG. 9 is a conceptual diagram showing a state in
which the delay time of reception data is corrected based on
the set sound speed.

[0031] FIG. 10 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus disclosed in JP
2009-142680 A.

DETAILED DESCRIPTION OF THE INVENTION

[0032] 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.

[0033] FIG.1isablock diagram showing the configuration
of a first embodiment of an ultrasound diagnostic apparatus
for carrying out a data processing method of the present
invention.

[0034] 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.
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[0035] The apparatus body 13 includes a transmission cir-
cuit 14, a reception circuit 16, a reception data retention unit
22, a delay correction unit 44, a reception aperture range
determination unit 24, an image producer 18, a display con-
troller 32, a display unit 34, a controller 36, an operating unit
38, and a storage unit 40.

[0036] The ultrasound diagnostic apparatus 10 is an appa-
ratus which transmits an ultrasonic beam from the ultrasound
probe 12 toward a subject, receives an ultrasonic echo which
1s a reflected ultrasonic beam from the subject, and produces
and displays an ultrasound image from the reception signal of
the ultrasonic echo.

[0037] 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.
[0038] Thetransducer 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.
[0039] Eachultrasound transducer is constituted by a vibra-
tor in which electrodes are formed at both ends of a piezo-
electric substance formed of, for example, a piezoelectric
ceramic represented by PZT (lead zirconate titanate), a poly-
mer piezoelectric element represented by PVDF (polyvi-
nylidene fluoride), a piezoelectric single crystal represented
by PMN-PT (lead magnesium niobate-lead titanate solid
solution), or the like.

[0040] If a pulsed or continuous-wave voltage is applied
across the electrodes of the vibrator, the piezoelectric sub-
stance 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 reception
signal of the ultrasonic wave.

[0041] Meanwhile, in the apparatus body 13, the transmis-
sion 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 transmit-
ted from the plurality of ultrasound transducers of the trans-
ducer array 42 form an ultrasonic beam based on the trans-
mission delay pattern selected by the controller 36, and
supplies the adjusted driving signals to the plurality of ultra-
soundtransducers. Thus, the ultrasonic beams are transmitted
from the plurality of ultrasound transducers to the subject.
[0042] The reception circuit 16 amplifies the reception sig-
nal supplied from each ultrasound transducer of the trans-
ducer array 42, and A/D (analog/digital) converts the ampli-
fied reception signal to generate reception data.

[0043] The ultrasound probe 12, the transmission circuit
14, and the reception circuit 16 constitute an ultrasonic wave
transmitter/receiver in the present invention.

[0044] 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
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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.
[0045] 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 plu-
rality 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 transmis-
sion delay pattern and reception delay pattern, thereby per-
forming transmission/reception control of the ultrasonic
wave,

[0046] 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.

[0047] The reception data retained in the reception data
retention unit 22 is sequentially read, and is supplied to the
delay correction unit 44.

[0048] In the present embodiment, it is not essential to
provide the reception data retention unit 22. When the recep-
tion data retention unit 22 is not provided, the reception data
generated by the reception circuit 16 is supplied to the delay
correction unit 44.

[0049] Since the distances between the respective ultra-
sound 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.

[0050] 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
luminance image supplied from the reception data retention
unit 22 based on the reception delay pattern selected by the
controller 36.

[0051] Inthepresentembodiment, 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.
[0052] A reception aperture range determination unit 24
determines a reception aperture range (the number of chan-
nels) of the reception data, which is used when an image
producer 18 produces an ultrasound image from the reception
data after delay time correction, based on the signal value of
the reception data after delay time correction in the arrange-
ment direction of the plurality of ultrasound transducers
arranged in one direction.

[0053] In the present embodiment, the reception aperture
range determination unit 24 determines the range of the
reception data after delay time correction, in which the signal
value in the arrangement direction of the ultrasound transduc-
ers 1s equal to or greater than a predetermined threshold value,
as a reception aperture range.

[0054] A reception aperture range setting signal that is a
determination result of the reception aperture range is output
from the reception aperture range determination unit 24.
[0055] Here, the reception aperture range is the range of
reception data in the arrangement direction of the ultrasound
transducers that is used when producing an ultrasound image.
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That is, assuming that the number of ultrasound transducers
in the arrangement direction is N, the total number of chan-
nels of reception data is N.

[0056] Assuming that the reception aperture range is n (n is
an integer of N or less), in the present embodiment, an ultra-
sound image is produced by using the reception data of the
respective ranges ofn/2 from the reception data of the channel
at the center in the arrangement direction of the ultrasound
transducers toward the reception data of channels at both
ends.

[0057] In addition, the predetermined threshold value is
preferably set based on the S/N ratio of the distribution of the
reception data after delay time correction in the arrangement
direction of the ultrasound transducers. As the predetermined
threshold value, for example, a fixed value may be set in the
reception aperture range determination unit 24 in advance, or
an arbitrary value may be set in the reception aperture range
determination unit 24 under the control of the controller 36
according to an instruction input by an operator using the
operating unit 38, which will be described later.

[0058] Then, the image producer 18 produces an ultra-
sound image based on the reception data after delay time
correction supplied from the delay correction unit 44 and the
reception aperture range setting signal supplied from the
reception aperture range determination unit 24. That is, the
image producer 18 produces an ultrasound image using the
reception data after delay time correction of the channels
corresponding to the reception aperture range designated by
the reception aperture range setting signal.

[0059] As shown in FIG. 2, the image producer 18 includes
aphasing adder 46, a data processor 48, and an image creating
unit 50.

[0060] The phasing adder 46 performs reception focus pro-
cessing digitally by performing phase matching addition on
the reception data after delay time correction supplied from
the delay correction unit 44.

[0061] 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 reflec-
tion 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 gen-
erated.

[0062] The data processor 48 performs predetermined data
processing on the reception data having been subjected to
reception focus processing by the phasing adder 46.

[0063] In the present embodiment, the data processor 48
generates a B-mode image signal (image signal of a lumi-
nance 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 detection
processing.

[0064] The generated B-mode image signal is an image
signal obtained by a scanning system different from a usual
television signal scanning system. Therefore, the data proces-
sor 48 converts (raster-converts) the generated B-mode image
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signal into a usual image signal, for example, an image signal
according to the television signal scanning system (for
example, an NTSC system).

[0065] The image creating unit 50 performs various neces-
sary 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.

[0066] Subsequently, the display controller 32 causes the
display unit 34 to display the ultrasound image produced by
the image producer 18.

[0067] 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.

[0068] The controller 36 controls the respective constitu-
ents of the ultrasound diagnostic apparatus 10 on the basis of
instructions input from the operating unit 38 by an operator.

[0069] The operating unit 38 is an input device for receiv-
ing instructions input by the operator, and may be constituted
by a keyboard, a mouse, a trackball, a touch panel, or the like.

[0070] 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, aRAM, a CD-ROM
a DVD-ROM, or the like.

[0071] The delay correction unit 44, the reception aperture
range determination 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.

[0072] 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.

[0073] 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.

[0074] When the ultrasound diagnosis is started, the con-
troller 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 pat-
tern according 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 control-
ler 36 outputs control signals to the transmission circuit 14
and the delay correction unit 44 according the selected trans-
mission delay pattern and the selected reception delay pat-
tern, thereby performing transmission/reception control of
the ultrasonic wave.

[0075] 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.
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[0076] 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
transducers.

[0077] Thereception 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).

[0078] The reception data generated by the reception cir-
cuit 16 is sequentially stored in the reception data retention
unit 22 (step S12).

[0079] Then, the reception data stored in the reception data
retention unit 22 is sequentially read, and is supplied to the
delay correction unit 44.

[0080] The delay correction unit 44 aligns the phase by
correcting the delay time of the reception data supplied from
the reception data retention unit 22 based on the selected
reception delay pattern (step S14).

[0081] Meanwhile, the reception aperture range determina-
tion unit 24 determines the reception aperture range of the
reception data based on the signal value of the reception data
after delay time correction in the arrangement direction of the
ultrasound transducers, and outputs a reception aperture
range setting signal that is the determination result (step S16).
[0082] In the present embodiment, the reception aperture
range determination unit 24 determines the range of the
reception data after lay time correction, in which the signal
value (amplitude) in the arrangement direction of the ultra-
sound transducers is equal to or greater than a predetermined
threshold value, as a reception aperture range.

[0083] The image producer 18 produces an ultrasound
image using the reception data after delay time correction of
the channels corresponding to the reception aperture range
designated by the reception aperture range setting signal (step
S18).

[0084] That is, 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.

[0085] 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 process-
ing, and the image creating section 50 creates an ultrasound
image from the B-mode image signal. Thus, an ultrasound
image corresponding to the reception data of the reception
aperture range designated by the reception aperture range
setting signal is created.

[0086] 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 S20).

[0087] Here, FIG. 5A is a conceptual diagram showing the
reception data after delay time correction, and FIG. 5B is a
graph showing the amplitude of the reception data at time t1.
In FIG. 5A, the horizontal axis indicates an arrangement
direction (element direction) of ultrasound transducers (ultra-
sonic wave transmission/reception elements), and the vertical
axis indicates time. In FIG. 5B, the horizontal axis indicates
an arrangement direction (element direction) of ultrasound
transducers, and the vertical axis indicates a signal value
(amplitude) of reception data.

[0088] AsshowninFIGS. 5A and 5B, in general, reception
data at the center in the arrangement direction of ultrasound
transducers has larger signal strength (larger amplitude) than
that of reception data at both ends in the arrangement direc-
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tion, and the S/N ratio of the reception data at the center in the
arrangement direction is good.

[0089] Therefore, when the phasing adder 46 performs
phase matching addition of the reception data after delay time
correction supplied from the delay correction unit 44, the
reception aperture range is made narrow if the S/Nratio of the
reception data at both ends is poor. Thus, ¢ is possible to
obtain 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
range is made narrow, the weight of each piece of reception
data before phase matching addition becomes large. Accord-
ingly, for example, if a certain piece of reception data has a
noise, reception data after phase matching addition is greatly
influenced by the noise.

[0090] As described above, the reception aperture range 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.

[0091] 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 narrowing the reception aperture
range is preferable. In contrast, in the case where point reflec-
tions 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 range
is preferable.

[0092] In the ultrasound diagnostic apparatus 10 of the
present embodiment, as shown in FIG. 5B, the range of the
reception data after delay time correction in which the ampli-
tude (signal value) in the arrangement direction of the ultra-
sound transducers is equal to or greater than a predetermined
threshold value a is determined as the reception aperture
range, and the ultrasound image is produced using the recep-
tion data of the channels corresponding to the determined
reception aperture range. In addition, the reception aperture
range can be appropriately changed by changing the value of
the predetermined threshold value a.

[0093] Therefore, since it is possible to obtain reception
data having a good S/N ratio by excluding the reception data
at both ends having a poor S/N ratio, it is possible to adjust the
ultrasound image so as to have the optimal focus, even if the
quality of the original reception data or image signal is poor.
[0094] Next, a second embodiment of the ultrasound diag-
nostic apparatus of the present invention will be described.
[0095] FIG. 6is a block diagram showing the configuration
of the second embodiment of the ultrasound diagnostic appa-
ratus for carrying out a data processing method of the present
invention.

[0096] As shown in FIG. 6, an ultrasound diagnostic appa-
ratus 20 of the present embodiment is configured to further
include an image quality determination unit 52 in the ultra-
sound diagnostic apparatus 10 of the first embodiment shown
in FIG. 1. Accordingly, the same components are denoted by
the same reference numerals, and explanation thereof will be
omitted.

[0097] Theimage quality determination unit 52 determines
the image quality of an ultrasound image produced by the
image producer 18.

[0098] Theimage quality determination unit 52 determines
the image quality of the ultrasound image based on the lumi-
nance value, sharpness, or the like of the ultrasound image

Feb. 12, 2015

produced by the image producer 18, for example. That is, the
image quality determination unit 52 determines the image
quality according to whether or not the luminance value,
sharpness, or the like of the ultrasound image produced by the
image producer 18 has a value equal to or greater than a
threshold value with respect to the luminance value, sharp-
ness, or the like corresponding to an ultrasound image having
a predetermined image quality.

[0099] Next, the operation of the ultrasound diagnostic
apparatus 20 will be described with reference to the flowchart
shown in FIG. 7 and the conceptual diagram shown FIG. 8.
FIG. 7 is a flowchart showing the flow of the process in the
ultrasound diagnostic apparatus shown in FIG. 6, and FIG. 8
is a conceptual diagram showing the flow of the process.
[0100] Here, steps S30, S32, S34, S36, and S38 shown in
the flowchart of FIG. 7 are the same as steps S10, S12, S14,
S16, and S18 shown in the flowchart of FIG. 3, respectively.

[0101] That is, in the ultrasound diagnostic apparatus 20 of
the present embodiment, when ultrasound diagnosis is
started, an ultrasonic wave transmitter/receiver transmits and
receives ultrasonic beams to and from the subject to generate
reception data (step S30), and the reception data is sequen-
tially stored in the reception data retention unit 22 (step S32).
[0102] Then, the reception data is read from the reception
data retention unit 22, and the delay correction unit 44 cor-
rects the delay time of the reception data based on the recep-
tion delay pattern selected by the controller 36 (step S34).
[0103] Meanwhile, the reception aperture range determina-
tion unit 24 determines the reception aperture range of the
reception data based on the reception data after delay time
correction, and outputs a reception aperture range setting
signal that is the determination result (step S36).

[0104] Then, the image producer 18 produces an ultra-
sound image using the reception data after delay time correc-
tion of the channels corresponding to the reception aperture
range designated by the reception aperture range setting sig-
nal (step S38).

[0105] Subsequently, when the image quality determina-
tion unit52 determines that the ultrasound image produced by
the image producer 18 does not have a predetermined image
quality (“No” in step S40), the controller 36 returns to step
S34 and performs control such that the setting of the value of
the sound speed (set sound speed) of the ultrasonic wave is
changed to re-correct the delay time of the reception data
(step S34), the reception aperture range is determined (step
S36), and an ultrasound image is produced using the recep-
tion data of the determined reception aperture range (step
S38).

[0106] Here, the correction of the delay time of the recep-
tion data when the setting of the set sound speed is changed
will be described.

[0107] FIG. 9 is a conceptual diagram showing a state in
which the delay time of reception data is corrected based on
the set sound speed. As shown in FIG. 9, a case is considered
in which a plurality of ultrasound transducers (ultrasonic
wave transmission/reception elements) of the ultrasound
probe 12 are arranged in a row in a horizontal direction in
FIG. 9.

[0108] Here, assuming that the width of each ultrasound
transducer in the arrangement direction of ultrasound trans-
ducers is L, the distance from the ultrasound transducer at the
center in the arrangement direction to the n-th ultrasound
transducer toward the end of the arrangement is nl.
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[0109] As shown in FIG. 9, assuming that the reflection
point of the ultrasonic wave is present at a position at a
distance (depth) d from the ultrasound transducer at the center
in a direction perpendicular to the arrangement direction, a
distance (length) d,, between the n-th ultrasound transducer
and the reflection point is calculated by Expression (1).

&~ (L =+ oy

[0110] Therefore, timet,, until the ultrasonic wave from the
reflection point is received by the n-th ultrasound transducer
is calculated by Expression (2) using a set sound speed V.

1,=d /V=((nL 2+ YV )

[0111] Since the distances between the respective ultra-
sound transducers and the reflection point are different as
described above, in this example, as shown in the graph in the
upper part of FIG. 9, the time t, becomes longer toward the
ultrasound transducer at the end of the arrangement.

[0112] That is, assuming that the time until the ultrasonic
wave from the reflection point is received by the ultrasound
transducer at the center is t,, the ultrasonic wave received by
the n-th ultrasound transducer is delayed by time At=t,—t,
with respect to the ultrasonic wave received by the ultrasound
transducer at the center. The delay correction unit 44 corrects
the delay time expressed by the time At for the reception data
corresponding to each ultrasound transducer. This delay time
At 1s referred to as a reception delay pattern. As described
above, the delay time At of each piece of reception data is
calculated from the set sound speed and the distance calcu-
lated from the geometric arrangement of the reflection point
and each ultrasound transducer.

[0113] Although the example described above is a case
where the ultrasound probe 12 is a linear probe, the same
thinking can be applied to a convex prove except for the
difference in the shape of the probe.

[0114] The above-described operation is repeated until the
image quality determination unit 52 determines that the ultra-
sound image produced by the image producer 18 has a pre-
determined image quality in step S40 (“Yes” in step S40).
[0115] Whenthe image quality determination unit 52 deter-
mines that the ultrasound image produced by the image pro-
ducer 18 has a predetermined image quality (“Yes” in step
S40), the ultrasound image of the predetermined image qual-
ity produced by the image producer 18 is displayed on the
display unit 34 under the control of the display controller 32
(step S42).

[0116] In the ultrasound diagnostic apparatus 20 of the
present embodiment, when the ultrasound image produced by
the image producer 18 does not have a predetermined image
quality, changing the setting of the sound speed value of the
ultrasonic wave to re-correct the delay time of the reception
data and producing the ultrasound image by use of the recep-
tion data of the reception aperture range is repeated until the
image quality determination unit 52 determines that the ultra-
sound image produced by the image producer 18 has the
predetermined image quality. In addition, whenever the set-
ting of the sound speed value of the ultrasonic wave is
changed, the reception aperture range can be appropriately
changed by changing the value of the predetermined thresh-
old value a.

[0117] Therefore, it is possible to optimize the delay time
correction of the reception data and to obtain the reception
data having a good S/N ratio by excluding the reception data
having a poor S/N ratio at both ends, and consequently, it is
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possible to adjust the ultrasound image so as to have the
optimal focus even if the quality of the original reception data
or image signal is poor.

[0118] In addition, in the respective embodiments
described above, the reception data is generated using all
ultrasound transducers, and the ultrasound image is produced
using the reception data after delay time correction corre-
sponding to the reception aperture range determined by the
reception aperture range determination unit 24. However, the
present invention is not limited thereto, and reception data
may be generated using only ultrasound transducers corre-
sponding to the determined reception aperture range.

[0119] The present invention is basically as described
above.
[0120] 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 trans-
mit an ultrasonic beam to a subject and receive an ultra-
sonic echo, which is a reflected ultrasonic beam from the
subject, to generate reception data using a plurality of
ultrasonic  wave transmission/reception elements
arranged in one direction;

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 recep-
tion data;

areception aperture range determination unit configured to
determine a reception aperture range of reception data,
which isused when producing an ultrasound image from
reception data after correction of the delay time, based
on a signal value of the reception data after correction of
the delay time in an arrangement direction of the ultra-
sonic wave transmission/reception elements; and

an image producer configured to produce an ultrasound
image by performing phase matching addition of the
reception data after correction of the delay time corre-
sponding to the reception aperture range and performing
predetermined data processing.

2. The ultrasound diagnostic apparatus according to claim

15

wherein the reception aperture range determination unit
determines a range of the reception data after correction
of the delay time, in which the signal value in the
arrangement direction of the ultrasonic wave transmis-
sion/reception elements is equal to or greater than a
predetermined threshold value, as the reception aperture
range.

3. The ultrasound diagnostic apparatus according to claim

25

wherein the predetermined threshold value is set based on
an S/N ratio of distribution of the reception data after
correction of the delay time in the arrangement direction
of the ultrasonic wave transmission/reception elements.

4. The ultrasound diagnostic apparatus according to claim

13

wherein the ultrasonic wave transmitter/receiver generates
the reception data using only ultrasonic wave transmis-
sion/reception elements corresponding to the reception
aperture range.
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5. The ultrasound diagnostic apparatus according to claim
1, further comprising a reception data retention unit config-
ured to retain the reception data generated by the ultrasonic
wave transmitter/receiver,
wherein the delay correction unit corrects a delay time of
the reception data supplied from the reception data
retention unit.
6. The ultrasound diagnostic apparatus according to claim
5, further comprising an image quality determination unit
configured to determine an image quality of the ultrasound
image produced by the image producer.
7. The ultrasound diagnostic apparatus according to claim
6,
wherein the image quality determination unit determines
the image quality of the ultrasound image based on a
luminance value of the ultrasound image produced by
the image producer.
8. The ultrasound diagnostic apparatus according to claim
6,
wherein the image quality determination unit determines
the image quality of the ultrasound image based on
sharpness of the ultrasound image produced by the
image producer.
9. The ultrasound diagnostic apparatus according to claim
7,
wherein the image quality determination unit determines
the image quality of the ultrasound image produced by
the image producer according to whether or not the
ultrasound image produced by the image producer has a
value equal to or greater than a threshold value corre-
sponding to an ultrasound image having a predeter-
mined image quality.
10. The ultrasound diagnostic apparatus according to claim
6, further comprising a controller configured to perform con-
trol such that, when the image quality determination unit
determines that the ultrasound image produced by the image
producer does not have a predetermined image quality, pro-
ducing an ultrasound image by changing a setting of a value
of a sound speed of an ultrasonic wave and re-correcting the
delay time of the reception data is repeated until the image
quality determination unit determines that the ultrasound
image produced by the image producer has the predetermined
image quality.
11. A data processing method, comprising steps of:
generating reception data by transmitting an ultrasonic
beam to a subject and receiving an ultrasonic echo,
which is a reflected ultrasonic beam from the subject,
using a plurality ultrasonic wave transmission/reception
elements arranged in one direction;
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;
determining a reception aperture range of reception data,
which is used when producing an ultrasound image from
reception data after correction of the delay time, based
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on a signal value of the reception data after correction of
the delay time in an arrangement direction of the ultra-
sonic wave transmission/reception elements; and
producing an ultrasound image by performing phase
matching addition of the reception data after correction
of the delay time corresponding to the reception aperture
range and performing predetermined data processing.

12. The data processing method according to claim 11,

wherein a range of the reception data after correction of the

delay time, which the signal value in the arrangement
direction of the ultrasonic wave transmission/reception
elements is equal to or greater than a predetermined
threshold value, is determined as the reception aperture
range.

13. The data processing method according to claim 12,

wherein the predetermined threshold value is set based on

an S/N ratio of distribution of the reception data after
correction of the delay time in the arrangement direction
of the ultrasonic wave transmission/reception elements.

14. The data processing method according to claim 11,

wherein the reception data is generated using only ultra-

sonic wave transmission/reception elements corre-
sponding to the reception aperture range.

15. The data processing method according to claim 11,
further comprising a step of retaining the generated reception
data in a reception data retention unit,

wherein a delay time of the reception data read from the

reception data retention unit is corrected.

16. The data processing method according to claim 15,
further comprising a step of determining image quality of the
produced ultrasound image.

17. The data processing method according to claim 16,

wherein the image quality of the ultrasound image is deter-

mined based on a luminance value of the produced ultra-
sound image.

18. The data processing method according to claim 16,

wherein the image quality of the ultrasound image is deter-

mined based on sharpness of the produced ultrasound
image.

19. The data processing method according to claim 17,

wherein the image quality of the produced ultrasound

image is determined according to whether or not the
produced ultrasound image has a value equal to or
greater than a threshold value corresponding to an ultra-
sound image having a predetermined image quality.

20. The data processing method according to claim 16,
further comprising a step of performing control such that,
when it is determined that the produced ultrasound image
does not have a predetermined image quality, producing an
ultrasound image by changing a setting ofa value of a sound
speed of an ultrasonic wave and re-correcting the delay time
ofthe reception data is repeated until the produced ultrasound
image has the predetermined image quality.
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