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ULTRASOUND DIAGNOSTIC APPARATUS,
METHOD OF PRODUCING ULTRASOUND
IMAGE, AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus. Specifically, the present invention relates to
an ultrasound diagnostic apparatus which allows stable dis-
play of a high-quality ultrasound image when various opera-
tions, such as freeze and change of image quality, are pet-
formed in the ultrasound imaging apparatus, a method of
producing an ultrasound image, and a recording medium.
[0002] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine.

[0003] In general, this type of ultrasound diagnostic appa-
ratus is composed of an ultrasound probe (hereinafter,
referred to as a probe) which has a piezoelectric element array
in which piezoelectric elements to perform transmission and
reception of ultrasonic waves are arranged, and a diagnostic
apparatus body.

[0004] Intheultrasound diagnostic apparatus, an ultrasonic
wave is transmitted from the probe toward a subject, an ultra-
sonic echo from the subject is received by the probe, and the
reception signal is electrically processed in the diagnostic
apparatus body to produce an ultrasound image.

[0005] In the piezoelectric element array of the ultrasound
probe, an ultrasonic echo by single transmission of an ultra-
sonic beam is received by a plurality of piezoelectric ele-
ments. Accordingly, even if the ultrasonic echo is reflected at
the same reflection point, the time until the ultrasonic echo
enters each piezoelectric element differs depending on the
position of the piezoelectric element.

[0006] For this reason, in the ultrasound diagnostic appa-
ratus, delay correction using a delay time according to the
position or the like of each piezoelectric element is performed
on the reception signal output from the ultrasound probe,
phase focusing is made by the delay correction, and phasing
addition is performed to produce a sound ray signal (sound
ray data), thereby producing an appropriate ultrasound image
with no distortion.

[0007] The delay correction is performed using a sound
speed of an ultrasonic wave (hereinafter, also simply referred
to as “sound speed”) in the subject. In conventional the ultra-
sound diagnostic apparatus, on the assumption that the sound
speed is constant, the value of the ultrasonic wave sound
speed set as the whole of the apparatus is fixed to a certain
value (for example, 1530 m/sec).

[0008] However, since the sound speed differs due to a
difference of a tissue, such as a fat layer or a muscle layer in
a living body, the sound speed of the ultrasonic wave in the
subject is not uniform. Further, a stout subject and a thin
subject are different from each other in the thickness of the fat
layer or the muscle layer.

[0009] For this reason, in the conventional ultrasound appa-
ratus in which the sound speed of the ultrasonic wave is fixed,
the difference between the actual sound speed in the subject
and the set sound speed often occurs.

[0010] If the set sound speed is different from the actual
sound speed, it is not possible to accurately perform the delay
correction. As aresult, there is a problem in that image quality
of the ultrasound image is deteriorated, for example, the
produced ultrasound image is distorted with respect to the
actual subject.
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[0011] In contrast, JP 2011-92686 A describes an ultra-
sound diagnostic apparatus in which regions of interest are set
s0 as to divide the inside of the subject (ultrasound image)
into a plurality of regions, and a sound speed is set for each of
the regions of interest. Specifically, in this apparatus, the
transmission and reception of an ultrasonic wave for forming
a transmission focus corresponding to a region of interest is
performed. delay correction or phasing addition is performed
by setting a plurality of sound speeds to calculate the focus
index (for example, sharpness or the like) of the region of
interest, and the sound speed at which the highest focus index
is obtained is set as the sound speed in the region of interest.
[0012] According to an ultrasound diagnostic apparatus
described in JP 2011-92686 A, an accurate sound speed is set
corresponding to an individual difference of the subject, each
of the sites in the subject, or the like, and delay correction is
performed, thereby producing a high-quality ultrasound
image with no distortion or the like.

[0013] The sound speed of the subject changes depending
on the state of a tissue, such as a muscle. In addition, change
in the position of the probe causes change in the sound speed
of the subject in a region with which the probe is in contact.
Accordingly, in order to stably obtain an ultrasound image of
high-quality, it is desirable to appropriately update (reset) the
sound speed.

[0014] On the other hand, in the ultrasound diagnostic
apparatus, when setting the sound speed, many operations are
required. That is, a frequent update of the sound speed
imposes a heavy burden on the ultrasound diagnostic appa-
ratus. For this reason, in the ultrasound diagnostic apparatus,
the update of the sound speed is performed at a reasonable
regular timing, for example, once at a predetermined time
interval (once for every predetermined number of frames).
[0015] Meanwhile, as is well known, in the ultrasound
diagnostic apparatus, in order to favorably perform the obser-
vation of the ultrasound image, various instructions can be
given to the ultrasound image displayed on a display.

[0016] For example, while the ultrasound image is basi-
cally a motion image, that is, a live image, in the ultrasound
diagnostic apparatus, in order to perform the observation of
an intended site in detail, a FREEZE button (freeze switch)
which instructs the display of a still image, instead of a
motion image, is provided.

[0017] The ultrasound diagnostic apparatus is also pro-
vided with region of interest (ROI) setting means or observa-
tion depth setting means so as to instruct an observation target
range (observation region) of the ultrasound image.

[0018] In addition, the ultrasound diagnostic apparatus is
provided with gain (amplification and attenuation of the
reception signal) adjustment means so as to change image
quality (luminance) of the ultrasound image. An apparatus
which can change image quality for each observation depth is
also known.

[0019] Moreover, the ultrasound image has various image
modes. For example, the ultrasound image has image modes
such as a fundamental image mode in which according to a
center frequency of an ultrasonic wave to be received, the
center frequencies of ultrasonic waves to be transmitted and
received are identical, a tissue harmonic mode in which an
ultrasonic echo of a harmonic of a transmitted ultrasonic
wave is received to produce an ultrasound image, acompound
harmonic mode in which an ultrasonic echo having the same
center frequency as that of a transmitted ultrasonic wave and
aharmonic of the transmitted ultrasonic wave are received to
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perform image synthesis, and the like, and the ultrasound
diagnostic apparatus is configured such that a desired mode
can be selected and instructed.

[0020] Such various instructions (operations) are pet-
formed for some purpose.

[0021] For example, the instruction of freeze, the instruc-
tion to set an ROT, and the instruction to change an observa-
tion depth are made so as to observe a specific region in the
subject in more detail. The change of image quality or the
change of the image mode is instructed so as to observe an
observation site in detail with an ultrasound image of higher-
quality or an ultrasound image more suitable for the observa-
tion.

[0022] However, as described above, since a frequent
update of the sound speed imposes a heavy burden on the
ultrasound diagnostic apparatus, the update of the sound
speed is performed at a reasonable regular timing. For this
reason, in the ultrasound diagnostic apparatus, there are many
cases where the sound speed which is set when various
instructions are performed is different from the actual sound
speed of the subject.

[0023] As aresult, inspiteof anultrasound image desired to
be observed in detail, deterioration of image quality, such as
distortion, may occur in the displayed ultrasound image.

SUMMARY OF THE INVENTION

[0024] The present invention has been accomplished in
order to solve the drawbacks in the prior art, and an object
thereof is 1o provide an ultrasound diagnostic apparatus, a
method of producing an ultrasound image, and a recording
medium which can stably display an ultrasound image of
high-quality even when various instructions, such as an
instruction of freeze, an instruction to change in an observa-
tion target range, an instruction to change image quality, an
instruction to change an image mode, and the like are given in
an ultrasound diagnostic apparatus.

[0025] Inorderto achieve such object, the present invention
provides an ultrasound diagnostic apparatus comprising: a
piezoelectric element array which has piezoelectric elements
arranged therein, each piezoelectric element configured to
transmit an ultrasonic wave, to receive an ultrasonic echo
reflected by a subject, and to output a reception signal accord-
ing to a received ultrasonic wave; a controller which controls
ultrasonic transmission and reception by the piezoelectric
element array; a storage which stores the reception signal
output from the piezoelectric element array; a sound speed
setter which sets a sound speed in the subject using the recep-
tion signal stored in the storage; an image producer which
processes the reception signal output from the piezoelectric
element array or the reception signal read from the storage,
based on the sound speed set by the sound speed setter to
produce an ultrasound image; a display; and an operating
device which has a freeze instruction inputter configured to
instruct to display a still image on the display, an observation
target range instruction inputter configured to specify an
observation target range of an ultrasound image displayed on
the display, an image quality change instruction inputter con-
figured to instruct to change image quality of the ultrasound
image, and a mode change instruction inputter configured to
instruct to change an image mode of the ultrasound image,
wherein:

[0026] the controller causes the piezoelectric element array
to perform ultrasonic transmission and reception for sound
speed setting so as to allow the sound speed setter to set the
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sound speed in response to at least one instruction out of an
instruction to display a still image from the freeze instruction
inputter, an instruction on the observation target range from
the observation target range instruction inputter, an instruc-
tion to change image quality from the image quality change
instruction inputter, and an instruction to change an image
mode from the mode change instruction inputter; the sound
speed setter sets the sound speed in the subject using a recep-
tion signal obtained by the ultrasonic transmission and recep-
tion for sound speed setting to update the sound speed; the
image producer processes the reception signal output from
the piezoelectric element array based on an updated sound
speed to produce an ultrasound image; and the display dis-
plays the ultrasound image produced by processing based on
the updated sound speed.

[0027] In the inventive ultrasound diagnostic apparatus as
such, it is preferable that the controller causes the piezoelec-
tric element array to perform the ultrasonic transmission and
reception for sound speed setting in response to any instruc-
tion out of the instruction to display a still image from the
freeze instruction inputter, the instruction on the observation
target range from the observation target range instruction
inputter, the instruction to change image quality from the
image quality change instruction inputter, and the instruction
to change an image mode from the mode change instruction
inputter.

[0028] Preferably, the controller causes the piezoelectric
element array to perform the ultrasonic transmission and
reception for sound speed setting immediately after the
instruction is given.

[0029] The sound speed setter preferably divides the sub-
ject into a plurality of regions and sets the sound speed for
each region, and the image producer preferably processes the
reception signal based on the sound speed set for each region
to produce an ultrasound image.

[0030] Itis preferable thatthe image producer processes the
reception signal obtained by the ultrasonic transmission and
reception for sound speed setting based on the updated sound
speed to produce an ultrasound image in response to the
instruction to display a still image from the freeze instruction
inputter.

[0031] It is also preferable that the image producer pro-
cesses a reception signal output from the piezoelectric ele-
ment array during ultrasonic transmission and reception
before the ultrasonic transmission and reception for sound
speed setting based on the updated sound speed to produce an
ultrasound image in response to the instruction to display a
still image from the freeze instruction inputter.

[0032] Preferably, the image producer processes a recep-
tion signal output from the piezoelectric element array at least
during ultrasonic transmission and reception immediately
before the ultrasonic transmission and reception for sound
speed setting based on the updated sound speed to produce an
ultrasound image.

[0033] Itis preferable that, in response to the instruction to
display a still image from the freeze instruction inputter, the
image producer processes a reception signal output from the
piezoelectric element array during ultrasonic transmission
and reception before the ultrasonic transmission and recep-
tion for sound speed setting based on the updated sound speed
to produce an ultrasound image after update of the sound
speed, and processes the reception signal based on a sound
speed set before the update of the sound speed to produce an
ultrasound image before the update of the sound speed, and
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the display displays the ultrasound image after the update of
the sound speed and the ultrasound image before the update of
the sound speed.

[0034] Preferably, the operating device has a selection
instruction inputter configured to select either the ultrasound
image after the update of the sound speed or the ultrasound
image before the update of the sound speed, and, when selec-
tion is made by the selection instruction inputter, the display
only displays the ultrasound image as selected.

[0035] The observation target range instruction inputter
preferably includes either or both of an observation depth
change instruction inputter configured to instruct change in
observation depth and a region of interest setting instruction
inputter configured to instruct setting of a region of interest.

[0036] It is preferable that the region of interest setting
instruction inputter has a region of interest determination
instruction inputter configured to instruct determination of a
region of interest and, when a region of interest is determined
through the region of interest determination instruction input-
ter, the controller, considering that the instruction on the
observation target range is given, causes the piezoelectric
element array to perform the ultrasonic transmission and
reception for sound speed setting.

[0037] Itisalso preferable that the region of interest setting
instruction inputter has a region of interest movement instruc-
tion inputter configured to instruct movement of a region of
interest and a region of interest size change instruction input-
ter configured to instruct change in size of a region of interest
and, when no operation is performed through the region of
interest movement instruction inputter or the region of intet-
est size change instruction inputter for a predetermined time
in a state where the setting of aregion of interest is instructed,
the controller, considering that the instruction on the obser-
vation target range is given, causes the piezoelectric element
array to perform the ultrasonic transmission and reception for
sound speed setting.

[0038] It is preferable that the observation depth change
instruction inputter has an extension and reduction instruc-
tion inputter configured to increase and decrease the obser-
vation depth, and the sound speed setter updates the sound
speed only for a region extended or reduced through the
extension and reduction instruction inputter configured to
increase and decrease the observation depth.

[0039] It is preferable that, when the instruction on the
observation target range is given by the observation target
range instruction inputter, the controller causes the piezoelec-
tric element array to perform the ultrasonic transmission and
reception for sound speed setting to form a transmission focus
for sound speed setting corresponding to the observation
target range thus specified, and the sound speed setter sets and
updates the sound speed in the subject according to the obser-
vation target range thus specified.

[0040] It is preferable that the image quality change
instruction inputter instructs to change image quality of the
ultrasound image for a predetermined region and, when
change in image quality for the predetermined region is
instructed by the image quality change instruction inputter,
the controller causes the piezoelectric element array to per-
form, with respect to the predetermined region, the ultrasonic
transmission and reception for sound speed setting so as to
allow the sound speed setter to set the sound speed, where-
upon the sound speed setter preferably sets a sound speed in
the predetermined region using the reception signal obtained
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by the ultrasonic transmission and reception for sound speed
setting to update the sound speed.

[0041] It is preferable that change in image quality of the
ultrasound image according to the instruction to change
image quality from the image quality change instruction
inputter is performed by either or both of change of an ampli-
fication factor for amplifying the reception signal and image
processing in the image producer.

[0042] Preferably, the image quality change instruction
inputter has a function of instructing the change in image
quality for each depth region set in advance and, when a depth
region for which image quality is to be changed is specified by
an instruction from the image quality change instruction
inputter, the sound speed setter only updates the sound speed
in the specified depth region.

[0043] It is also preferable that the image quality change
instruction inputter has at least one of a gain adjustment
instruction inputter configured to adjust gain of an ultrasound
image, a dynamic range adjustment instruction inputter con-
figured to adjust dynamic range of an ultrasound image, a
gradation curve processing instruction inputter configured to
process gradation curve of an ultrasound image, a sharpness
adjustment instruction inputter configured to adjust sharp-
ness of an ultrasound image, and a speckle noise removal
processing instruction inputter configured to instruct removal
of speckle noise from an ultrasound image.

[0044] Theimage mode is preferably any of a fundamental
wave mode, a tissue harmonic mode, and a compound har-
monic mode.

[0045] Theimage producer preferably processes the recep-
tion signal obtained by the ultrasonic transmission and recep-
tion for sound speed setting based on the updated sound speed
to produce an ultrasound image.

[0046] The present invention also provides a method of
producing an ultrasound image, the method comprising the
steps of: performing ultrasonic transmission and reception for
sound speed setting so as to set a sound speed in a subject in
response to at least one instruction out of an instruction to
freeze to display a still image, an instruction on an observa-
tion target range of an ultrasound image, an instruction to
change image quality of an ultrasound image, and an instruc-
tion to change an image mode of an ultrasound image; setting
the sound speed in the subject using a reception signal
obtained by the ultrasonic transmission and reception for
sound speed setting; processing an ultrasonic reception signal
based on the sound speed to produce an ultrasound image; and
displaying the ultrasound image.

[0047] In the inventive method of producing an ultrasound
image as such, it is preferable that, ifany instruction out of the
instruction to freeze to display a still image, the instruction on
an observation target range of an ultrasound image, the
instruction to change image quality of an ultrasound image,
and the instruction to change an image mode of an ultrasound
image is given, the ultrasonic transmission and reception for
sound speed setting is performed and the sound speed in the
subject is set.

[0048] Theultrasonic transmission and reception for sound
speed setting is preferably performed immediately after the
instruction is given, so as to set the sound speed in the subject.
[0049] Preferably, the sound speed is set for each region
obtained by dividing the subject into a plurality of regions,
and the ultrasound image is produced based on the sound
speed set for each region.
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[0050] The present invention also provides a recording
medium having recorded thereon a program for making an
ultrasound diagnostic apparatus display an ultrasound image,
the program causing a computer to execute: a transmission
and reception step of performing ultrasonic transmission and
reception for sound speed setting so as to set a sound speed in
a subject in response to at least one instruction out of an
instruction to freeze to display a still image, an instruction on
an observation target range of an ultrasound image, an
instruction to change image quality of an ultrasound image,
and an instruction to change an image mode of an ultrasound
image; asound speed setting step of setting the sound speed in
the subject using a reception signal obtained in the transmis-
sion and reception step; an image production step of process-
ing an ultrasonic reception signal based on the sound speed
set in the sound speed setting step to produce an ultrasound
image; and a display step of displaying the ultrasound image
produced in the image production step on a display.

[0051] In the inventive recording medium as such, it is
preferable that, in the transmission and reception step of the
program, the ultrasonic transmission and reception for sound
speed setting is performed in response to any instruction out
of the instruction to freeze to display a still image, the instruc-
tion on an observation target range of an ultrasound image,
the instruction to change image quality of an ultrasound
image, and the instruction to change an image mode of an
ultrasound image.

[0052] Preferably, in the transmission and reception step of
the program, the ultrasonic transmission and reception for
sound speed setting is performed immediately after the
instruction is given.

[0053] The program is preferably such that, in the sound
speed setting step, the sound speed is set for each region
obtained by dividing the subject into a plurality of regions,
and in the image production step, the ultrasound image is
produced based on the sound speed set for each region.

[0054] According to the invention, in an ultrasound diag-
nostic apparatus, the sound speed of the subject is updated in
accordance with an instruction to display a still image by a
FREEZE button; an instruction of an observation target
range, such as ROI setting or change in observation depth; an
instruction to change image quality, such as gain adjustment;
an instruction to change an image mode such as change from
a fundamental image mode, in which the center frequencies
of ultrasonic waves to be transmitted and received are iden-
tical, to a tissue harmonic mode; or the like, and an ultrasound
image is produced using the updated sound speed.

[0055] Therefore, according to the present invention, it is
possible to display an ultrasound image of high-quality based
on an accurate sound speed corresponding to various instruc-
tions in terms of an ultrasound image desired to be observed
in detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG.1 is a block diagram conceptually showing an
ultrasound diagnostic apparatus of the invention.

[0057] FIG. 2 is a diagram conceptually showing an
example of an operating device of the ultrasound diagnostic
apparatus shown in FIG. 1.

[0058] FIGS. 3A and 3B are conceptual diagrams illustrat-
ing transmission and reception of ultrasonic waves in the
ultrasound diagnostic apparatus shown in FIG. 1.
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[0059] FIG. 4 is a conceptual diagram illustrating an
example of update of a sound speed in the ultrasound diag-
nostic apparatus shown in FIG. 1.

[0060] FIG. 5 is a conceptual diagram illustrating another
example of update of a sound speed in the ultrasound diag-
nostic apparatus shown in FIG. 1.

[0061] FIGS. 6A and 6B are conceptual diagrams illustrat-
ing another example of update of a sound speed in the ultra-
sound diagnostic apparatus shown in FIG. 1.

[0062] FIGS.7A and 7B are conceptual diagrams illustrat-
ing another example of update of a sound speed in the ultra-
sound diagnostic apparatus shown in FIG. 1.

[0063] FIGS. 8A and 8B are conceptual diagrams illustrat-
ing another example of update of a sound speed in the ultra-
sound diagnostic apparatus shown in FIG. 1.

[0064] FIGS.9A to9C are conceptual diagrams illustrating
another example of update of a sound speed in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0065] FIGS. 10A and 10B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0066] FIGS. 11A and 11B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0067] FIGS. 12A and 12B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0068] FIGS. 13A and 13B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0069] FIGS. 14A and 14B are conceptual diagrams illus-
trating an example of an image mode in the ultrasound diag-
nostic apparatus shown in FIG. 1.

[0070] FIGS. 15A to 15D are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0071] Hereinafter, an ultrasound diagnostic apparatus, a
method of producing an ultrasound image, and a recording
medium of the invention will be described in detail on the
basis of preferred examples described in the accompanying
drawings.

[0072] FIG. 1is a block diagram conceptually showing an
example of an ultrasound diagnostic apparatus of the inven-
tion which executes a method of producing an ultrasound
image of the invention.

[0073] As shown in FIG. 1, an ultrasound diagnostic appa-
ratus 10 has an ultrasound probe 12 (hereinafter, referred to as
aprobe 12) which includes a piezoelectric element array 14.
[0074] A transmission circuit 16 and a reception circuit 18
are connected to the piezoelectric element array 14 of the
probe 12. A signal processor 20, a digital scan converter
(DSC) 24, an image processor 26, a display controller 28, and
a display unit 30 are sequentially connected to the reception
circuit 18. An image memory 32 is connected to the image
processor 26.

[0075] An ultrasound image producer 50 is constituted by
the signal processor 20, the DSC 24, the image processor 26,
and the image memory 32.

[0076] A reception data memory 36 is connected to the
reception circuit 18 and the signal processor 20, and a sound
speed setter 40 is connected to the image memory 32 and the
signal processor 20.
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[0077] Further, a controller 42 is connected to the transmis-
sion circuit 16, the reception circuit 18, the signal processor
20, the DSC 24, the display controller 28, the reception data
memory 36, and the sound speed setter 40. An operating
device 46 and a storage unit 48 are connected to the controller
42.

[0078] In the illustrated example, the transmission circuit
16, the reception circuit 18, the ultrasound image producer
50, the display controller 28, the display unit 30, the reception
data memory 36, the sound speed setter 40, the controller 42,
the operating device 46, and the storage unit 48 constitute a
diagnostic apparatus body of the ultrasound diagnostic appa-
ratus 10.

[0079] The diagnostic apparatus body is constituted using,
for example, a computer or the like.

[0080] The piezoelectric element array 14 has a plurality of
piezoelectric elements (ultrasound transducers) arranged in a
one-dimensional or two-dimensional manner. Each of the
piezoelectric elements transmits an ultrasonic wave in accor-
dance with a driving signal supplied from the transmission
circuit 16, receives an ultrasonic echo from a subject, and
outputs a reception signal.

[0081] The piezoelectric element is constituted by a vibra-
tor in which electrodes are formed at both ends of a piezo-
electric substance. Examples of the piezoelectric substance
include piezoelectric ceramic represented by PZT (lead zir-
conate titanate), a polymer piezoelectric element represented
by PVDF (polyvinylidene difluoride), piezoelectric single
crystal represented by PMN-PT (lead magnesium niobate-
lead titanate solid solution), and the like.

[0082] 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 produced from the respective
vibrators, and the ultrasonic waves are synthesized to form an
ultrasonic beam.

[0083] When receiving the ultrasonic waves, the vibrators
expand and contract to produce electric signals. The electric
signals are output from the respective piezoelectric elements
of the piezoelectric element array 14 as the reception signals
of the ultrasonic waves.

[0084] The transmission circuit 16 includes, for example, a
plurality of pulse generators. The transmission circuit 16
adjusts the delay amount of each of the driving signals on the
basis of a transmission delay pattern selected in accordance
with a control signal from the controller 42 such that the
ultrasonic waves transmitted from the piezoelectric element
array 14 form an intended ultrasonic beam, and supplies the
driving signals to a plurality of piezoelectric elements.

[0085] The reception circuit 18 has a plurality of amplifiers
and A/D converters, and the like. The reception circuit 18
amplifies and A/D converts the reception signals transmitted
from the respective piezoelectric elements of the piezoelec-
tric element array 14, and produces digitized reception data
corresponding to the number of reception channels.

[0086] The amplifier of the reception circuit 18 may per-
form gain adjustment (brightness adjustment) of an ultra-
sound image according to operation of an STC key 68 or a
GAIN dial 114 described later, in addition to a predetermined
amplification of reception signal. At this time, the amplifier of
the reception circuit 18 changes the overall amplification
factor (gain) in accordance with operation of the GAIN dial
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114, and changes the amplification factor in a corresponding
depth region (that is, reception time) in accordance with
operation of the STC key 68.

[0087] Here, under the control by the controller 42
described later, the transmission circuit 16 and the reception
circuit 18 cause the piezoelectric element array 14 to perform
transmission and reception of an ultrasonic wave for sound
speed setting for allowing the sound speed setter 40 to set the
sound speed of an ultrasonic wave in the subject at a prede-
termined timing, for example, once for every predetermined
number of frames.

[0088] Ifan instruction of freeze by a FREEZE button 116
provided in the operating device 46, an instruction of gain
adjustment by the GAIN dial 114, or the like is performed
similarly under the control by the controller 42, the transmis-
sion circuit 16 and the reception circuit 18 cause the piezo-
electric element array 14 to perform transmission and recep-
tion of an ultrasonic wave for sound speed setting for allowing
the sound speed setter 40 to set a sound speed in a subsequent
frame (preferably, a frame immediately after the instruction).

[0089] In this regard, detailed description will be provided
later.
[0090] The signal processor 20 carries out delay correction

on reception data produced by the reception circuit 18 on the
basis of the sound speed (a set sound speed and an optimum
sound speed described later) input from the sound speed
setter 40 to produce delay correction data. Then, the signal
processor 20 performs reception focusing processing by add-
ing delay correction data (phasing addition). With this pro-
cessing, the focus of the ultrasonic echo is narrowed to pro-
duce a sound ray signal (sound ray data).

[0091] Further, the signal processor 20 performs correction
of attenuation due to distance in accordance with the depth of
the reflection point of the ultrasonic wave on the sound ray
signal, and then performs envelope detection processing to
produce a B-mode image signal (ultrasound image) which is
tomographic image information relating to the tissue in the
subject.

[0092] The signal processor 20 may perform the gain
adjustment of the ultrasound image according to operation of
the STC key 68 or the GAIN dial 114 described later.

[0093] The DSC 24 converts (raster-converts) the B-mode
image signal produced by the signal processor 20 to an image
signal based on a normal television signal scanning system.

[0094] The image processor 26 performs various kinds of
necessary image processing, such as gradation processing, on
the B-mode image signal input from the DSC 24, and then
outputs the B-mode image signal subjected to image process-
ing to the display controller 28. Alternatively, the image pro-
cessor 26 stores the B-mode image signal subjected to the
similar image processing in the image memory 32. The image
processor 26 may perform the gain adjustment of the ultra-
sound image according to operation of the STC key 68 or the
GAIN dial 114 described later. That is, in the ultrasound
diagnostic apparatus 10, the gain adjustment of the ultrasound
image according to operation of the STC key 68 or the GAIN
dial 114 may be performed by at least one of adjustment of the
amplification factor in the amplifier of the reception circuit
18, image processing in the signal processor 20, and image
processing in the image processor 26. The gain adjustment of
the ultrasound image by image processing may be performed
by a known method.
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[0095] As described above, the ultrasound image producer
50 is constituted by the signal processor 20, the DSC 24, the
image processor 26, and the image memory 32.

[0096] The display controller 28 controls the display unit
30 to display the ultrasound image or the like on the basis of
the B-mode image signal subjected to image processing in the
image processor 26 or various kinds of information input by
the operating device 46.

[0097] Thedisplay unit 30 includes, for example, a display,
such as an LCD, and displays the ultrasound image under the
control of the display controller 28.

[0098] The reception data memory 36 sequentially stores
reception data output from the reception circuit 18, and also
stores delay correction data produced in the signal processor
20.

[0099] The sound speed setter 40 sets the sound speed
(optimum sound speed described later) of the ultrasonic wave
in the subject.

[0100] In the present invention, as an example, the sound
speed setter 40 gives a predetermined set sound speed to the
signal processor 20, and changes the set sound speed to cause
the ultrasound image producer 50 to produce the B-mode
image signal. Then, the sound speed setter 40 analyzes each
B-mode image produced at each set sound speed, and sets a
sound speed which gives maximum contrast or sharpness to
the image as the optimum sound speed of the subject. The
sound speed setter 40 divides the inside of the subject into a
plurality of regions, and sets the optimum sound speed for
each region.

[0101] Thecontroller42 controls respective components of
the ultrasound diagnostic apparatus on the basis of a com-
mand input from the operating device 46 by an operator
(physician).

[0102] The controller 42 gives an instruction to the trans-
mission circuit 16 and the reception circuit 18 so that the
piezoelectric element array 14 transmits an intended ultra-
sonic beam, receives an ultrasonic echo by the ultrasonic
beam, and outputs a reception signal.

[0103] The storage unit 48 stores an operation program or
the like, and a recording medium, such as a hard disk, a
flexible disk, an MO, an MT, a RAM, a CD-ROM, a DVD-
ROM, an SD card, a CF card, or a USB memory, a server, or
the like may be used.

[0104] Although the signal processor 20, the DSC 24, the
image processor 26, the display controller 28, and the sound
speed setter 40 are constituted by a CPU and an operation
program which causes the CPU to perform various kinds of
processing, these may be constituted by digital circuits.
[0105] The operating device 46 is used when the operator
performs input operation, and similarly to that for the known
ultrasound diagnostic apparatus, has means for instructing
freeze (display of a still image) (freeze instruction inputter),
switching means of a display mode, such as a B mode oran M
mode, adjustment means of image quality (image quality
adjustment instruction inputter), setting means of a region of
interest (ROI) (region of interest (ROI) setting instruction
inputter), and the like.

[0106] FIG. 2 conceptually shows an example of the oper-
ating device 46 (a part thereof).

[0107] Inthe apparatus ofthe illustrated example, the oper-
ating device 46 is provided with a power switch 60 and a
touch panel 62 for performing various kinds of display and
input operation.

[0108] Reference numeral 64 denotes a menu button.
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[0109] The menu button 64 is operating means (operating
unit) which displays menus for calling various functions on
the touch panel 62. In the illustrated example, as an example,
four menus of image adjustment, preset, patient information,
and system tool are set.

[0110] Reference numeral 68 denotes an STC key (attenu-
ation correction key). The STC key 68 is operating means
(operating unit) for performing gain adjustment (amplifica-
tion and attenuation) of each depth of the ultrasound image,
that is, luminance adjustment of each depth of the ultrasound
image. In the illustrated example, gain adjustment can be
performed individually at six depths.

[0111] That is, the STC key 68 is an image quality change
instruction inputter according to the invention.

[0112] Reference numeral 70 denotes a patient information
button. The patient information button 70 is operating means
(operating unit) for displaying patient information on the
display unit 30.

[0113] Reference numeral 72 denotes a menu control
switch. The menu control switch 72 is used to perform opera-
tion of each menu displayed on the touch panel 62 by the
menu button 64, and in the illustrated example, four operating
means (operating units) are set.

[0114] Reference numeral 74 denotes an OPTIMIZE but-
ton. The OPTIMIZE button 74 is operating means (operating
unit) which enables an automatic attenuation correction and
sound speed correction function.

[0115] Reference numeral 76 denotes a function button.
The function button 76 is operating means (operating unit) in
which an examiner can arbitrarily set the function of the
button by a system setting function.

[0116] Reference numeral 78 denotes a COMPOUND but-
ton.
[0117] The COMPOUND button 78 is operating means

(operating unit) which starts and stops a compound harmonic
mode (hereinafter, also referred to as a CH mode) in which an
ultrasonic echo having the same center frequency as the trans-
mitted ultrasonic wave (hereinafier, also referred to as a fun-
damental wave) and an ultrasonic echo of a harmonic of the
fundamental wave are received and synthesized, thereby
reducing speckle noise.

[0118] Inthe illustrated example, if the COMPOUND but-
ton 78 is pressed in a state where display in a different image
mode is performed, the image mode is transited to the CH
mode. If the COMPOUND button 78 is pressed in a state
where display in the CH mode is performed, the image mode
is transited to a fundamental image mode (hereinafter, also
referred to as a fundamental wave mode) in which an ultra-
sonic echo having the same center frequency as a fundamen-
tal wave is received.

[0119] Reference numeral 80 denotes a HARMONICS but-
ton. The HARMONICS button 80 is operating means (oper-
ating unit) which starts and stops a tissue harmonic mode
(hereinafter, also referred to as a THI mode) in which an
ultrasonic echo of a harmonic of a fundamental wave is
received and an ultrasound image is produced.

[0120] Intheillustrated example, if the HARMONICS but-
ton 80 is pressed in a state where display in a different image
mode is performed, the image mode is transited to the THI
mode. If the HARMONICS button 80 is pressed in a state
where display in the THI mode is performed, the image mode
is transited to the fundamental wave mode.
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[0121] That is, the COMPOUND button 78 and the HAR-
MONICS button 80 are each a mode change instruction input-
ter according to the invention.

[0122] Reference numeral 82 denotes a ZOOM button. The
ZOOM button 82 is operating means (operating unit) which
starts an enlargement (zooming-in) function of the ultrasound
image displayed on the display unit 30.

[0123] Reference numeral 84 denotes a dual mode selector
switch. The dual mode selector switch 84 is operating means
(operating unit) which switches an operable image when
ultrasound diagnosis in a dual mode such as a B/C mode is
performed.

[0124] Reference numerals 86 to 94 denote display mode
selection means (display mode switching means). That is,
these means are each the mode change instruction inputter of
the invention.

[0125] Reference numeral 86 denotes a PW button. The
PW button 86 is operating means (operating unit) which starts
and stops a pulse Doppler mode.

[0126] Reference numeral 90 denotes a C button. The C
button 90 is operating means (operating unit) which starts and
stops a color Doppler mode.

[0127] Reference numeral 92 denotes an M button. The M
button 92 is operating means (operating unit) which starts and
stops an M mode.

[0128] Reference numeral 94 denotes a B button. The B
button 94 is operating means (operating unit) which starts and
stops a B mode.

[0129] Reference numeral 96 denotes a BODY PATTERN
button. The BODY PATTERN button 96 is operating means
(operating unit) which is used to display a body pattern, that
is, a graphic pattern representing a site to be imaged.

[0130] Reference numeral 98 denotes a CINE button. The
CINE button 98 is operating means (operating unit) which is
used to replay and stop a motion image clip.

[0131] Reference numeral 100 denotes a DELETE button.
The DELETE button 100 is operating means (operating unit)
which is used to return to a previous process during measure-
ment so as to restart the measurement.

[0132] Reference numeral 102 denotes a trackball. The
trackball 102 is operating means (operating unit) which is
used to perform movement of a cursor, determination of the
size or position of a region of interest (ROI), arrangement of
ameasurement tool, redisplay of a motion image clip, and the
like. The trackball 102 constitutes a part of an ROI setting
instruction inputter, that is, a part of the observation target
range instruction inputter in the invention.

[0133] The operating device 46 of the ultrasound diagnos-
tic apparatus of the invention may use a so-called track pad
(touch pad), instead of the trackball.

[0134] Reference numeral 104 denotes a MEASURE but-
ton. The MEASURE button 104 is operating means (operat-
ing unit) which starts a dynamic caliper, a calculation menu,
or a Doppler waveform autotracing function.

[0135] Reference numeral 106 denotes a SET button. The
SET button 106 is operating means (operating unit) which is
used to select (determine) the item or function on the screen of
the display unit 30.

[0136] In the ultrasound diagnostic apparatus 10, as an
example, the ROI is determined by pressing the SET button
106. That is, the SET button 106 constitutes a part of the
observation target range instruction inputter in the invention.
[0137] Reference numeral 108 denotes a DEPTH button.
The DEPTH button 108 is operating means (operating unit)

Jul. 24,2014

which is used to change (increase and decrease) the observa-
tion depth of the ultrasound image. That is, the DEPTH button
108 is an observation target range instruction inputter accord-
ing to the invention.

[0138] Reference numeral 110 denotes a STORE button.
The STORE button 110 is operating means (operating unit)
which is used to store an image displayed on the display unit
30 in a device set in advance or print the image.

[0139] Reference numeral 112 denotes an encoder dial. The
encoder dial 112 is operating means (operating unit) which is
used to adjust a Doppler angle in the pulse Doppler mode or
to rotate the mark of the probe at the time of body pattern
display.

[0140] Reference numeral 114 denotes a GAIN dial. The
GAIN dial 114 is operating means (operating unit) which is
used to adjust a gain (luminance of an ultrasound image) in
the B mode, the M mode, the color Doppler mode, and the
pulse Doppler mode. That is, the GAIN dial 114 is an image
quality change instruction inputter according to the invention.
[0141] Reference numeral 116 denotes a FREEZE button
(freeze switch). The FREEZE button 116 is operating means
(operating unit) which is used to switch between a live mode,
in which a motion image (live image) of an ultrasound image
is displayed at a predetermined frame rate, and a freeze mode,
in which a still image (freeze image) of an ultrasound image
is displayed. That is, the FREEZE button 116 is the freeze
instruction inputter of the invention which instructs display of
a still image (freeze image).

[0142] In the illustrated example, the FREEZE button 116
is arranged in the center of the GAIN dial 114.

[0143] Hereinafter, the invention will be described in more
detail while describing the action of the ultrasound diagnostic
apparatus 10, The recording medium of the invention is a
computer-readable recording medium having recorded
thereon a program which causes a computer to execute a
method of producing an ultrasound image described below.
[0144] As described above, in the ultrasound diagnostic
apparatus 10, as an example, the sound speed (optimum
sound speed) of the ultrasonic wave in the subject is updated
(reset) once for every predetermined number of frames.
[0145] In addition, in the ultrasound diagnostic apparatus
10, when an instruction of freeze is given by the above-
described FREEZE button 116, when an instruction of ROI
setting is given using the trackball 102 or the like, when an
instruction to change an observation depth is given by the
DEPTH button 108, when an instruction to change a gain is
given by the STC key 68 or the GAIN dial 114, and when an
instruction to change an image mode is given by the COM-
POUND button 78 or the HARMONICS button 80 (further,
by the B button 94 or the like), the optimum sound speed is
updated.

[0146] In the ultrasound diagnostic apparatus 10, the sub-
ject (an ultrasound image to be produced) is divided into a
plurality of regions, and the optimum sound speed is updated
(set) for each region.

[0147] The update of the optimum sound speed is per-
formed by transmission and reception of an ultrasonic wave
for sound speed setting (“transmission and reception of an
ultrasonic wave” being hereafter also referred to as “ultra-
sonic transmission and reception” or simply as “transmission
and reception”). The transmission and reception for sound
speed setting is transmission and reception in which a trans-
mission focus for sound speed setting is formed by forming a
transmission focus with higher density than transmission and
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reception for producing a B-mode image in one scan line
(sound ray signal to be produced, namely, ultrasonic beam to
be produced).

[0148] FIG. 3A conceptually shows transmission and
reception for producing a B-mode image (hereinafter, also
referred to as normal transmission and reception), and FIG.
3B conceptually shows transmission and reception for sound
speed setting.

[0149] InFIGS.3A and 3B, the vertical direction is a depth
direction (the transmission and reception direction of the
ultrasonic wave), and the upper side in the drawing is a
shallower side (piezoelectric element array 14 side). The
horizontal direction is an azimuth direction (the arrangement
direction of the piezoelectric elements in the piezoelectric
element array 14).

[0150] In FIGS. 3A and 3B, a solid line which extends in
the depth direction is a scan line. The position in the azimuth
direction of each scan line in the normal transmission and
reception of FIG. 3A and the position in the azimuth direction
of each scan line in the transmission and reception for sound
speed setting of F1G. 3B coincide with each other.

[0151] In FIG. 3A, a white circle on the scan line is the
transmission focus in the normal transmission and reception.
Meanwhile, in FIG. 3B, a black circle on the scan line is the
transmission focus for sound speed setting (hereinafter, also
referred to as a focus for setting).

[0152] As shown in FIG. 3, in this example, in the normal
transmission and reception, three transmission focuses (three
positions of the transmission focus in the depth direction) are
defined for one scan line. That is, in the normal transmission
and reception, three transmissions and receptions having dif-
ferent transmission focuses are performed for one scan line.

[0153] In contrast, in the transmission and reception for
sound speed setting, five transmission focuses, that is, five
focuses for setting are defined for one scan line. That s, in the
transmission and reception for sound speed setting, five trans-
missions and receptions having different transmission
focuses are performed for one scan line.

[0154] Theregionsinwhich the optimum sound speed is set
are set by dividing the subject parallel to the azimuth direction
and the depth direction into the form of a lattice, with each
region centering at the focus for setting.

[0155] That is, the optimum sound speed is set correspond-
ingly to each focus for setting.

[0156] In the ultrasound diagnostic apparatus 10 of the
invention, the regions of the subject, that is, the focuses for
setting in the transmission and reception for sound speed
setting may be appropriately set in accordance with required
image quality, the frame rate of an ultrasound image to be
displayed, the arithmetic capacity (processing speed) of the
ultrasound diagnostic apparatus 10, or the like.

[0157] Preferably, the focus for setting is produced at the
identical positions corresponding to all pixels of an ultra-
sound image to be produced. Alternatively, one transmission
focus may be set for every number of pixels set appropriately,
for example, one for every three pixels of an ultrasound
image, one for every nine pixels thereof, or the like. Alterna-
tively, an ultrasound image may be divided into a specified
number of equal regions, for example, 10 or 20 equal regions,
with the number being appropriately specified.

[0158] Further, the number of regions, the number of
focuses for setting on one scan line, and the like may be set by
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the operator. The number of regions, the number of focuses
for setting, and the like may be set by mode selection or the
like.

[0159] In the invention, the focus for setting may not nec-
essarily be formed correspondingly to all regions. For
example, a region including no focus for setting may be set,
and in regard to this region, the optimum sound speed may be
set by interpolation using the optimum sound speed set in a
region including a focus for setting.

[0160] In the normal transmission and reception and the
transmission and reception for sound speed setting, the num-
ber of scan lines in one frame and the number of focuses on
one scan line are not limited to the example shown in FIGS.
3A and 3B. For example, in the normal transmission and
reception, one scan line may be formed with one transmission
focus (single transmission and reception), instead of three
transmission focuses (three transmissions and receptions).
That is,