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(57) ABSTRACT

Ultrasonic transmission and reception for sound speed set-
ting is performed in response to an instruction to freeze, an
instruction on an observation target range, an instruction to
change image quality and an instruction to change an image
mode, a reception signal obtained by the ultrasonic trans-
mission and reception for sound speed setting is used to set
the sound speed in a subject, and a reception signal obtained
during ultrasonic transmission and reception is processed
based on the set sound speed to produce an ultrasound
image. Such method makes it possible to produce a high-
quality ultrasound image subjected to delay correction

(30) Foreign Application Priority Data appropriate to various operations on an ultrasound diagnos-
Jan. 22,2013 (JP) oo 2013-009274  ic apparatus, such as freezing and change in image quality.
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ULTRASOUND DIAGNOSTIC APPARATUS,
METHOD OF PRODUCING ULTRASOUND
IMAGE, AND RECORDING MEDIUM

[0001] This application is a Divisional of copending appli-
cation Ser. No. 14/161,042, filed on Jan. 22, 2014, which
claims priority under 35 U.S.C. §119(a) to Application No.
2013-009274, filed in Japan on Jan. 22, 2013, all of which
are hereby expressly incorporated by reference into the
present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound
diagnostic apparatus. Specifically, the present invention
relates to an ultrasound diagnostic apparatus which allows
stable display of a high-quality ultrasound image when
various operations, such as freeze and change of image
quality, are performed in the ultrasound imaging apparatus,
amethod of producing an ultrasound image, and a recording
medium,

[0003] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine.

[0004] 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 transmis-
sion and reception of ultrasonic waves are arranged, and a
diagnostic apparatus body.

[0005] In the ultrasound diagnostic apparatus, an ultra-
sonic wave is transmitted from the probe toward a subject,
an ultrasonic 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.
[0006] In the piezoelectric element array of the ultrasound
probe, an ultrasonic echo by single transmission of an
ultrasonic beam is received by a plurality of piezoelectric
elements. 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.
[0007] 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 per-
formed 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 ultra-
sound image with no distortion.

[0008] 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 ultrasound 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).

[0009] 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.

[0010] For this reason, in the conventional ultrasound
apparatus in which the sound speed of the ultrasonic wave
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is fixed, the difference between the actual sound speed in the
subject and the set sound speed often occurs.

[0011] If the set sound speed is different from the actual
sound speed, it is not possible to accurately perform the
delay correction. As a result, 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.

[0012] In contrast, JP 2011-92686 A describes an ultra-
sound diagnostic apparatus in which regions of interest are
set so 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.

[0013] 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.

[0014] 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.

[0015] 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).
[0016] Meanwhile, as is well known, in the ultrasound
diagnostic apparatus, in order to favorably perform the
observation of the ultrasound image, various instructions
can be given to the ultrasound image displayed on a display.
[0017] 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.

[0018] The ultrasound diagnostic apparatus is also pro-
vided with region of interest (ROI) setting means or obser-
vation depth setting means so as to instruct an observation
target range (observation region) of the ultrasound image.
[0019] 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.

[0020] Moreover, the ultrasound image has various image
modes. For example, the ultrasound image has image modes
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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, a com-
pound harmonic mode in which an ultrasonic echo having
the same center frequency as that of a transmitted ultrasonic
wave and a harmonic of the transmitted ultrasonic wave are
received to perform image synthesis, and the like, and the
ultrasound diagnostic apparatus is configured such that a
desired mode can be selected and instructed.

[0021] Such various instructions (operations) are per-
formed for some purpose.

[0022] For example, the instruction of freeze, the instruc-
tion to set an ROI, and the instruction to change an obser-
vation 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
observation.

[0023] 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.

[0024] As a result, in spite of an ultrasound 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

[0025] The present invention has been accomplished in
order to solve the drawbacks in the prior art, and an object
thereof is to 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 obser-
vation 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.

[0026] In order to achieve such object, the present inven-
tion provides an ultrasound diagnostic apparatus compris-
ing: a piezoelectric element array which has piezoelectric
elements arranged therein, each piezoelectric element con-
figured to transmit an ultrasonic wave, to receive an ultra-
sonic echo reflected by a subject, and to output a reception
signal according 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 reception 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
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specify an observation target range of an ultrasound image
displayed on the display, an image quality change instruction
inputter configured 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:

[0027] 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 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 instruction 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 reception signal obtained by the ultrasonic
transmission and reception 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 displays the ultrasound image produced by
processing based on the updated sound speed.

[0028] In the inventive ultrasound diagnostic apparatus as
such, it is preferable that the controller causes the piezo-
electric element array to perform the ultrasonic transmission
and reception for sound speed setting in response to any
instruction out of the instruction to display a still image from
the freeze instruction inputter, the instruction on the obser-
vation target range from the observation target range instruc-
tion 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.

[0029] 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.

[0030] 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.

[0031] It is preferable that the 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.

[0032] 1t is also preferable that the image producer pro-
cesses a reception signal output from the piezoelectric
element 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 vltrasound image in response to the instruction to display
a still image from the freeze instruction inputter.

[0033] Preferably, the image producer processes a recep-
tion signal output from the piezoelectric element array at
least during ultrasonic transmission and reception immedi-
ately before the ultrasonic transmission and reception for
sound speed setting based on the updated sound speed to
produce an ultrasound image.
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[0034] Ttis 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 the display displays the ultrasound image after
the update of the sound speed and the ultrasound image
before the update of the sound speed.

[0035] 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
selection is made by the selection instruction inputter, the
display only displays the ultrasound image as selected.
[0036] 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.
[0037] 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 deter-
mined through the region of interest determination instruc-
tion inputter, the controller, considering that the instruction
on the observation target range is given, causes the piezo-
electric element array to perform the ultrasonic transmission
and reception for sound speed setting.

[0038] It is also preferable that the region of interest
setting instruction inputter has a region of interest movement
instruction inputter configured to instruct movement of a
region of interest and a region of interest size change
instruction inputter 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 interest size change instruction inputter for
a predetermined time in a state where the setting of a region
of interest is instructed, 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.

[0039] 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.

[0040] 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 piezo-
electric 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 obser-
vation target range thus specified, and the sound speed setter
sets and updates the sound speed in the subject according to
the observation target range thus specified.

[0041] It is preferable that the image quality change
instruction inputter instructs to change image quality of the

Nov. 10, 2016

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
perform, with respect to the predetermined region, the
ultrasonic transmission and reception for sound speed set-
ting so as to allow the sound speed setter to set the sound
speed, whereupon the sound speed setter preferably sets a
sound speed in the predetermined region using the reception
signal obtained by the ultrasonic transmission and reception
for sound speed setting to update the sound speed.

[0042] 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
amplification factor for amplifying the reception signal and
image processing in the image producer.

[0043] 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.

[0044] 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 ultra-
sound image, a dynamic range adjustment instruction input-
ter configured 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 config-
ured to adjust sharpness of an ultrasound image, and a
speckle noise removal processing instruction inputter con-
figured to instruct removal of speckle noise from an ultra-
sound image.

[0045] Theimage mode is preferably any of a fundamental
wave mode, a tissue harmonic mode, and a compound
harmonic mode.

[0046] The image producer preferably 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.

[0047] 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 obser-
vation 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.

[0048] Inthe inventive method of producing an ultrasound
image as such, it is preferable that, if 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
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ultrasound image is given, the ultrasonic transmission and
reception for sound speed setting is performed and the sound
speed in the subject is set.

[0049] The ultrasonic 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.

[0050] 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.

[0051] 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 trans-
mission and reception step of performing ultrasonic trans-
mission and reception for sound speed setting so as to set a
sound speed in a subject in response to at least one instruc-
tion out of an instruction to freeze to display a still image,
an instruction on an observation target range of an ultra-
sound image, an instruction to change image quality of an
ultrasound image, and an instruction to change an image
mode of an ultrasound image; a sound speed setting step of
setting the sound speed in the subject using a reception
signal obtained in the transmission and reception step; an
image production step of processing 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.

[0052] 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
instruction on an observation target range of an ultrasound
image, the instruction to change image quality of an ultra-
sound image, and the instruction to change an image mode
of an ultrasound image.

[0053] 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.

[0054] 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.

[0055] 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 adjust-
ment; 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 identical, to a tissue harmonic mode; or the like,
and an ultrasound image is produced using the updated
sound speed.

[0056] Therefore, according to the present invention, it is
possible to display an ultrasound image of high-quality
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based on an accurate sound speed corresponding to various
instructions in terms of an ultrasound image desired to be
observed in detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIG. 1is a block diagram conceptually showing an
ultrasound diagnostic apparatus of the invention.

[0058] FIG. 2 is a diagram conceptually showing an
example of an operating device of the ultrasound diagnostic
apparatus shown in FIG. 1.

[0059] FIGS. 3A and 3B are conceptual diagrams illus-
trating transmission and reception of ultrasonic waves in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0060] FIG. 4 is a conceptual diagram illustrating an
example of update of a sound speed in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0061] FIG. 5 is a conceptual diagram illustrating another
example of update of a sound speed in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0062] FIGS. 6A and 6B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0063] FIGS. 7A and 7B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0064] FIGS. 8A and 8B are conceptual diagrams illus-
trating another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0065] FIGS. 9A to 9C are conceptual diagrams illustrat-
ing another example of update of a sound speed in the
ultrasound diagnostic apparatus shown in FIG. 1.

[0066] 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.

[0067] 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.

[0068] 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.

[0069] 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.

[0070] FIGS. 14A and 14B are conceptual diagrams illus-
trating an example of an image mode in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0071] 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

[0072] 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.

[0073] FIG. 11is 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.
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[0074] As shown in FIG. 1, an ultrasound diagnostic
apparatus 10 has an ultrasound probe 12 (hereinafter,
referred to as a probe 12) which includes a piezoelectric
element array 14.

[0075] 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.

[0076] An ultrasound image producer 50 is constituted by
the signal processor 20, the DSC 24, the image processor 26,
and the image memory 32.

[0077] 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.

[0078] Further, a controller 42 is connected to the trans-
mission 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.

[0079] 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 apparatus 10.

[0080] The diagnostic apparatus body is constituted using,
for example, a computer or the like.

[0081] 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
accordance with a driving signal supplied from the trans-
mission circuit 16, receives an ulirasonic echo from a
subject, and outputs a reception signal.

[0082] The piezoelectric element is constituted by a vibra-
tor in which electrodes are formed at both ends of a
piezoelectric substance. Examples of the piezoelectric sub-
stance include piezoelectric ceramic represented by PZT
(lead zirconate titanate), a polymer piezoelectric element
represented by PVDF (polyvinylidene difluoride), piezo-
electric single crystal represented by PMN-PT (lead mag-
nesium niobate-lead titanate solid solution), and the like.
[0083] 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 continu-
ous-wave ultrasonic waves are produced from the respective
vibrators, and the ultrasonic waves are synthesized to form
an ultrasonic beam.

[0084] 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.

[0085] 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
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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.
[0086] The reception circuit 18 has a plurality of ampli-
fiers and A/D converters, and the like. The reception circuit
18 amplifies and A/D converts the reception signals trans-
mitted from the respective piezoelectric elements of the
piezoelectric element array 14, and produces digitized
reception data corresponding to the number of reception
channels.

[0087] The amplifier of the reception circuit 18 may
perform 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 predeter-
mined 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 114, and changes the amplification factor in
a corresponding depth region (that is, reception time) in
accordance with operation of the STC key 68.

[0088] 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 per-
form 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 predetermined timing, for example, once for every
predetermined number of frames.

[0089] 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 trans-
mission 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 a sound speed in a
subsequent frame (preferably, a frame immediately after the
instruction).

[0090] In this regard, detailed description will be provided
later.
[0091] 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
adding delay correction data (phasing addition). With this
processing, the focus of the ultrasonic echo is narrowed to
produce a sound ray signal (sound ray data).

[0092] Further, the signal processor 20 performs correc-
tion 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.

[0093] 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.
[0094] 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.
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[0095] 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
processing to the display controller 28. Alternatively, the
image processor 26 stores the B-mode image signal sub-
jected to the similar image processing in the image memory
32. The image processor 26 may perform the gain adjust-
ment of the ultrasound 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.

[0096] 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.

[0097] 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.

[0098] The display unit 30 includes, for example, a dis-
play, such as an LCD, and displays the ultrasound image
under the control of the display controller 28.

[0099] 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.

[0100] The sound speed setter 40 sets the sound speed
(optimum sound speed described later) of the ultrasonic
wave in the subject.

[0101] 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 con-
trast 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.

[0102] The controller 42 controls respective components
of the ultrasound diagnostic apparatus on the basis of a
command input from the operating device 46 by an operator
(physician).

[0103] 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.

[0104] 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.

[0105]  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
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program which causes the CPU to perform various kinds of
processing, these may be constituted by digital circuits.
[0106] 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 or an
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.

[0107] FIG. 2 conceptually shows an example of the
operating device 46 (a part thereof).

[0108] In the apparatus of the illustrated example, the
operating device 46 is provided with a power switch 60 and
atouch panel 62 for performing various kinds of display and
input operation.

[0109] Reference numeral 64 denotes a menu button.
[0110] 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.

[0111] 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.

[0112] That is, the STC key 68 is an image quality change
instruction inputter according to the invention.

[0113] Reference numeral 70 denotes a patient informa-
tion button. The patient information button 70 is operating
means (operating unit) for displaying patient information on
the display unit 30.

[0114] Reference numeral 72 denotes a menu control
switch. The menu control switch 72 is used to perform
operation 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.

[0115] 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.

[0116] 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.

[0117] Reference numeral 78 denotes a COMPOUND
button.
[0118] The COMPOUND button 78 is operating means

(operating unit) which starts and stops a compound har-
monic mode (hereinafter, also referred to as a CH mode) in
which an ultrasonic echo having the same center frequency
as the transmitted ultrasonic wave (hereinafter, also referred
to as a fundamental wave) and an ultrasonic echo of a
harmonic of the fundamental wave are received and synthe-
sized, thereby reducing speckle noise.

[0119] In the illustrated example, if the COMPOUND
button 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



US 2016/0324504 Al

is transited to a fundamental image mode (hereinafter, also
referred to as a fundamental wave mode) in which an
ultrasonic echo having the same center frequency as a
fundamental wave is received.

[0120] Reference numeral 80 denotes a HARMONICS
button. The HARMONICS button 80 is operating means
(operating 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.

[0121] In the illustrated example, if the HARMONICS
button 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.

[0122] That is, the COMPOUND button 78 and the HAR-
MONICS button 80 are each a mode change instruction
inputter according to the invention.

[0123] 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.

[0124] 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.

[0125] 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.

[0126] Reference numeral 86 denotes a PW button. The
PW button 86 is operating means (operating unit) which
starts and stops a pulse Doppler mode.

[0127] Reference numeral 90 denotes a C button. The C
button 90 is operating means (operating unit) which starts
and stops a color Doppler mode.

[0128] Reference numeral 92 denotes an M button. The M
button 92 is operating means (operating unit) which starts
and stops an M mode.

[0129] Reference numeral 94 denotes a B button. The B
button 94 is operating means (operating unit) which starts
and stops a B mode.

[0130] 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.
[0131] 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.

[0132] 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 mea-
surement so as to restart the measurement.

[0133] 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
a measurement 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.
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[0134] 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.

[0135] Reference numeral 104 denotes a MEASURE but-
ton. The MEASURE button 104 is operating means (oper-
ating unit) which starts a dynamic caliper, a calculation
menu, or a Doppler waveform autotracing function.

[0136] 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.

[0137] 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.
[0138] Reference numeral 108 denotes a DEPTH button.
The DEPTH button 108 is operating means (operating unit)
which is used to change (increase and decrease) the obser-
vation depth of the ultrasound image. That is, the DEPTH
button 108 is an observation target range instruction inputter
according to the invention.

[0139] 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.

[0140] 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.

[0141] 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 inven-
tion.

[0142] 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 ultra-
sound 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).

[0143] In the illustrated example, the FREEZE button 116
is arranged in the center of the GAIN dial 114.

[0144] Hereinafter, the invention will be described in more
detail while describing the action of the ultrasound diagnos-
tic 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.
[0145] 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.
[0146] 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
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given by the STC key 68 or the GAIN dial 114, and when
an instruction to change an image mode is given by the
COMPOUND button 78 or the HARMONICS button 80
(further, by the B button 94 or the like), the optimum sound
speed is updated.

[0147] 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.

[0148] 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 “transmis-
sion and reception”). The transmission and reception for
sound speed setting is transmission and reception in which
a transmission focus for sound speed setting is formed by
forming a transmission focus with higher density than
transmission and reception for producing a B-mode image in
one scan line (sound ray signal to be produced, namely,
ultrasonic beam to be produced).

[0149] 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.

[0150] In FIGS. 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).

[0151] 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 FIG. 3B coincide with each other.
[0152] 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).

[0153] 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 recep-
tions having different transmission focuses are performed
for one scan line.

[0154] 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 is, in
the transmission and reception for sound speed setting, five
transmissions and receptions having different transmission
focuses are performed for one scan line.

[0155] The regions in which 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.

[0156] That is, the optimum sound speed is set corre-
spondingly to each focus for setting.
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[0157] 1In 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.

[0158] 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 appropri-
ately, for example, one for every three pixels of an ultra-
sound image, one for every nine pixels thereof, or the like.
Alternatively, 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 speci-
fied.

[0159] Further, the number of regions, the number of
focuses for setting on one scan line, and the like may be set
by the operator. The number of regions, the number of
focuses for setting, and the like may be set by mode selection
or the like.

[0160] In the invention, the focus for setting may not
necessarily 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.

[0161] In the normal transmission and reception and the
transmission and reception for sound speed setting, the
number 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, in the invention, in the normal
transmission and reception and the transmission and recep-
tion for sound speed setting, any number of transmission
focuses per scan line will do as long as the transmission and
reception for sound speed setting is higher in number of
transmission focuses (number of times of transmission and
reception) per scan line.

[0162] Further, although the transmission and reception
for sound speed setting only has a larger number of trans-
mission focuses on one scan line than the normal transmis-
sion and reception in the example shown in FIGS. 3A and
3B, the transmission and reception for sound speed setting
may have a larger number of scan lines than the normal
transmission and reception as necessary.

[0163] As described above, in the transmission and recep-
tion for sound speed setting, five transmissions and recep-
tions of an ultrasonic wave are performed so that five
focuses for setting are formed on one scan line. When
updating the optimum sound speed, the controller 42 gives
an instruction to the transmission circuit 16 and the recep-
tion circuit 18 so that the piezoelectric element array 14
transmits an ultrasonic beam which forms an intended
transmission focus, and receives an ultrasonic echo by the
ultrasonic beam.

[0164] The reception signals output from the respective
piezoelectric elements of the piezoelectric element array 14
by the transmission and reception for sound speed setting are
subjected to amplification and A/D conversion by the recep-
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tion circuit 18 to produce reception data, and reception data
is sequentially stored in the reception data memory 36.
[0165] When reception data by the transmission and
reception for sound speed setting is stored in the reception
data memory 36, the sound speed setter 40 supplies a first set
sound speed S1 to the signal processor 20.

[0166] The signal processor 20 reads reception data by the
transmission and reception for sound speed setting from the
reception data memory 36, and performs delay correction on
reception data on the basis of the supplied set sound speed
S1 to produce delay data. In addition, the signal processor 20
performs the reception focusing processing by adding the
produced delay data to produce a sound ray signal. Further,
the signal processor 20 performs attenuation correction and
envelope detection processing on the sound ray signal to
produce a B-mode image signal based on the first set sound
speed S1.

[0167] The B-mode image signal is raster-converted in the
DSC 24, is subjected to various kinds of image processing
in the image processor 26, and is then stored in the image
memory 32 as a B-mode image signal for sound speed
setting based on the first set sound speed S1.

[0168] If the B-mode image signal corresponding to the
first set sound speed S1 given from the sound speed setter 40
is stored in the image memory 32, the sound speed setter 40
supplies a second set sound speed S2, the value of which
changes from the first set sound speed S1 by a predetermined
amount, to the signal processor 20. Thereafter, a B-mode
image for sound speed setting based on the second set sound
speed S2 is formed and stored in the image memory 32 in a
similar way as described above.

[0169] In this way, a plurality of set sound speeds S1 to Sn
are sequentially given from the sound speed setter 40 to the
signal processor 20, and the B-mode image signals based on
the set sound speeds S1 to Sn are produced by the ultrasound
image producer 50 and stored in the image memory 32 as
B-mode image signals for sound speed setting.

[0170] If the B-mode image signals, which are produced
by the transmission and reception for sound speed setting
and are based on the set sound speeds S1 to Sn, are stored
in the image memory 32, the sound speed setter 40 analyzes
each B-mode image signal. Using the analysis result, the
sound speed setter 40 sets a sound speed which gives
maximum image contrast or sharpness to the image as an
optimum sound speed of the subject from the set sound
speeds S1 to Sn, and supplies the optimum sound speed to
the signal processor 20.

[0171] The signal processor 20 to which the newly set
optimum sound speed is supplied updates the optimum
sound speed to the newly supplied optimum sound speed.
[0172] The analysis of the B-mode image signal and the
setting of the optimum sound speed are performed for each
region, that is, for each focus for setting. That is, the sound
speed which gives maximum image contrast or sharpness to
the image is selected for each region and set as the optimum
sound speed of each region.

[0173] That is, the optimum sound speed is a sound speed
inside the subject between the region and the piezoelectric
element on the supposition that the subject from the region
to the piezoelectric element is uniform. In other words, the
optimum sound speed is an average sound speed inside the
subject from the region to the piezoelectric element.
[0174] A method of setting a sound speed in the subject is
not limited to this method, and various known sound speed
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setting methods which are executed by the conventional
ultrasound diagnostic apparatus or ultrasound image pro-
duction method can be used.

[0175] Meanwhile, in the ultrasound diagnostic apparatus
10, in the normal transmission and reception, as conceptu-
ally shown in FIG. 3A, three transmissions and receptions
having different transmission focuses are performed for one
scan line. The controller 42 gives an instruction to the
transmission circuit 16 and the reception circuit 18 so that
the piezoelectric element array 14 transmits an ultrasonic
beam which forms an intended transmission focus and
receives an ultrasonic echo by the ultrasonic beam.

[0176] The reception signals output from the respective
piezoelectric elements of the piezoelectric element array 14
by the normal transmission and reception are subjected to
amplification and A/D conversion in the reception circuit 18
to produce reception data, and reception data is sequentially
stored in the reception data memory 36.

[0177] If reception data is stored in the reception data
memory 36, the signal processor 20 reads reception data and
performs delay correction on the basis of the optimum sound
speed set ahead to produce delay data. Then, the signal
processor 20 performs reception focusing processing by
adding the produced delay data to produce a sound ray
signal. Further, the signal processor 20 performs attenuation
correction and envelope detection processing on the sound
ray signal to produce a B-mode image signal. Alternatively,
reception data may be supplied directly from the reception
circuit 18 to the signal processor 20.

[0178] The B-mode image signal is raster-converted in the
DSC 24, is subjected to various kinds of image processing
in the image processor 26, and is then stored in the image
memory 32 as a B-mode image signal.

[0179] The B-mode image signal processed by the image
processor 26 is sent to the display controller 28, and the
B-mode image, information of the subject, or the like is
displayed on the display unit 30.

[0180] In the live mode, the normal transmission and
reception shown in FIG. 3A is performed repeatedly in
accordance with a predetermined frame rate, the above-
described processing is sequentially performed on the recep-
tion signal output from the piezoelectric element array 14,
and a motion image of the B-mode image is displayed at the
predetermined frame rate.

[0181] Here, in the ultrasound diagnostic apparatus 10, it
is assumed that in a state where the normal transmission and
reception shown in FIG. 3A is performed at a predetermined
frame rate, and a motion image in the live mode is displayed,
the FREEZE button 116 is operated, and freeze is instructed
(display of a still image is instructed (that is, switching to the
freeze mode is instructed)). If freeze is instructed, the
controller 42 gives an instruction to the transmission circuit
16 and the reception circuit 18 so that the piezoelectric
element array 14 performs the transmission and reception
for sound speed setting shown in FIG. 3B in transmission
and reception immediately after freeze is instructed, and as
described above, the sound speed setter 40 sets the optimum
sound speed and updates the optimum sound speed.

[0182] As conceptually shown in FIG. 4, when a frame in
which the sound speed is last updated (set) is a zero-th
frame, if the FREEZE button 116 is operated in the N-th
frame and freeze is instructed, the transmission and recep-
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tion for sound speed setting shown in FIG. 3B is performed
in the (N+1)th frame which is a frame immediately after the
instruction of freeze.

[0183] Inthe invention, the transmission and reception for
sound speed setting may be performed in a frame after the
frame immediately after the instruction of freeze or the
instruction described below such as an instruction of an
observation target range, an instruction to change image
quality, an instruction to change an image mode, or the like
is performed. That is, the transmission and reception for
sound speed setting may be performed not in the (N+1)th
frame, but in the (N+2)th frame or a frame after the (N+2)th
frame.

[0184] However, it is preferable that the transmission and
reception for sound speed setting be performed in the frame
((N+Dth frame) immediately after the instruction of freeze
or the instruction described below such as an instruction of
an observation target range, an instruction to change image
quality, an instruction to change an image mode, or the like
is performed. Accordingly, the update of the sound speed can
rapidly be performed in response to various instructions
(operations), whereby the enhancement of the quality of an
ultrasound image desired by the operator can be performed
more rapidly.

[0185] In particular, in regard to the instruction of freeze,
the operator wants to see a still image at time point when
freeze is performed. For this reason, it is preferable that,
after freeze is instructed, the transmission and reception for
sound speed setting be performed in a frame immediately
after the freeze instruction by the FREEZE button 116.

[0186] After the transmission and reception for sound
speed setting is performed in the (N+1)th frame, as
described above, reception data thereof is stored in the
reception data memory 36, the signal processor 20 reads
reception data from the reception data memory 36, and the
optimum sound speed is set by the sound speed setter 40.

[0187] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed. That
is, in the ultrasound diagnostic apparatus 10, as a preferred
embodiment, the transmission and reception for sound speed
setting is performed immediately after freeze is instructed,
and the optimum sound speed is updated.

[0188] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting in the (N+1)th frame
from the reception data memory 36 again, and performs
delay correction on the basis of the updated optimum sound
speed to produce a B-mode image signal. When producing
the B-mode image signal, thinning or the like of reception
data may be performed as necessary.

[0189] The B-mode image signal in the (N+1)th frame
produced by the signal processor 20 is processed by the DSC
24 and the image processor 26, and is displayed on the
display unit 30 as a still image according to the freeze
instruction.

[0190] As described above, according to the invention, in
the ultrasound diagnostic apparatus, a still image according
to the instruction of freeze is produced and displayed by
performing the transmission and reception for sound speed
setting immediately after the instruction of freeze to update
the sound speed and producing an ultrasound image on the
basis of the updated sound speed.
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[0191] Therefore, according to the invention, it is possible
to produce a still image according to the instruction of freeze
at an accurate sound speed, and to make a still image of an
ultrasound image desired to be observed in detail a high-
quality ultrasound image with no image quality deterioration
due to distortion or the like.

[0192] In the invention, the B-mode image may be pro-
duced using reception data obtained by the normal trans-
mission and reception in the N-th frame in which freeze is
instructed.

[0193] In this case, reception data by at least the most
recent normal transmission and reception is constantly
stored in the reception data memory 36.

[0194] Inthe ultrasound diagnostic apparatus 10, as shown
in FIG. 4, in a state where the normal transmission and
reception shown in FIG. 3A is repeatedly performed at a
predetermined frame rate, and a motion image in the live
mode is displayed, if freeze is instructed in the N-th frame
by the FREEZE button 116, as described above, the trans-
mission and reception for sound speed setting is performed
in the subsequent (N+1)th frame to update the optimum
sound speed.

[0195] After the optimum sound speed is updated, the
signal processor 20 reads reception data in the N-th frame
from the reception data memory 36 and performs delay
correction on the basis of the updated optimum sound speed
to produce B-mode image data, B-mode image data is
processed in the DSC 24 and the image processor 26, and a
B-mode image by the transmission and reception in the N-th
frame is displayed on the display unit 30 as a still image
according to the freeze instruction.

[0196] Alternatively, as the still image according to the
freeze instruction, the B-mode image obtained by the normal
transmission and reception in the N-th frame and the
B-mode image obtained by the transmission and reception
for sound speed setting in the (N+1)th frame may be
displayed in parallel. Further, selection means (selection
instruction inputter) may be provided using the trackball 102
or the like, and only a selected one out of the two B-mode
images displayed in parallel may be displayed.

[0197] Any one of the display of only the B-mode image
in the N-th frame, the display of the B-mode image in the
N-th frame and the B-mode image in the (N+1)th frame, and
the display of only the B-mode image in the (N+1)th frame
may be selected by the mode or the like.

[0198] According to this embodiment, the operator can
observe the B-mode image when freeze is instructed by the
FREEZE button 116, thereby it is possible to perform
diagnosis or the like. Further, the B-mode image when
freeze is instructed can be compared with the B-mode image
immediately after the freeze, thereby it is possible to per-
form observation, diagnosis, or image selection.

[0199] In the invention, reception data in the first to N-th
frames as well as reception data in the N-th frame or in the
N-th and (N+1)th frames may be stored in the reception data
memory 36, reception data in the first to N-th frames may be
processed on the basis of the updated optimum sound speed
to produce B-mode images, and the B-mode images may be
displayed on the display unit 30 in parallel. Further, selec-
tion means (selection instruction inputter) may be provided
in the operating device 46, one or more images from the
B-mode images displayed in parallel may be selected, and
only the selected image or images may be displayed.
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[0200] Otherwise, reception data in the (N-n)th (where n
is an integer less than N) to N-th frames may be stored, and
the same processing may be performed thereon. Further-
more, n may be selected by the operator.

[0201] Inthe invention, the B-mode images based on both
of the optimum sound speed before update used in the
frames before the (N+1)th frame and the optimum sound
speed updated by the transmission and reception for sound
speed setting in the (N+1)th frame may be displayed.

[0202] In this embodiment, reception data obtained by the
transmission and reception in all the frames immediately
after the optimum sound speed is last updated, from the first
one to the N-th one, is stored in the reception data memory
36.

[0203] In the ultrasound diagnostic apparatus 10, similarly
to the above, as shown in FIG. 4, in a state where the normal
transmission and reception shown in FIG. 3A is repeatedly
performed at a predetermined frame rate, and a motion
image in the live mode is displayed, if freeze is instructed in
the N-th frame by the FREEZE button 116, as described
above, the transmission and reception for sound speed
setting is performed in the subsequent (N+1)th frame to
update the optimum sound speed. In addition, the optimum
sound speed before update, that is, the optimum sound speed
which is updated in the zero-th frame and is used until the
N-th frame is stored in the signal processor 20.

[0204] After the optimum sound speed is updated, the
signal processor 20 reads reception data in the first to N-th
frames from the reception data memory 36, and produces a
B-mode image signal subjected to delay correction on the
basis of the updated optimum sound speed and a B-mode
image signal subjected to delay correction on the basis of the
optimum sound speed before update for each frame, and
similarly to the above, the B-mode image signals are pro-
cessed by the DSC 24 and the image processor 26.

[0205] Subsequently, the B-mode images of the first to
N-th frames based on the updated optimum sound speed and
the B-mode images of the first to N-th frames based on the
optimum sound speed before update, both processed by the
image processor 26, are displayed on the display unit 30 in
parallel.

[0206] Alternatively, selection means (selection instruc-
tion inputter) may be provided in the operating device 46,
and out of the B-mode images displayed in parallel, either
the B-mode images based on the updated optimum sound
speed or the B-mode images based on the optimum sound
speed before update as selected may solely be displayed.
Further, one or more B-mode images out of the B-mode
images displayed in parallel may be selected, and only the
selected B-mode image or images may be displayed.

[0207] Inaddition to these B-mode images, B-mode image
produced by the transmission and reception for sound speed
setting in the (N+1)th frame may be displayed.

[0208] According to this embodiment, for performing
diagnosis or the like, the operator can compare and observe
the B-mode images which are observed until freeze is
instructed and the B-mode images based on the optimum
sound speed immediately after freeze is instructed. It is
preferable that the B-mode images as observed until freeze
is instructed and the B-mode images based on the optimum
sound speed immediately after freeze is instructed are com-
pared by the operator and preferred image or images are
displayed.

Nov. 10, 2016

[0209] Also in this embodiment, reception data in the
(N-n)th (where n is an integer less than N) to N-th frames,
instead of the first to N-th frames, may be stored, and the
same processing as described above may be performed.
Furthermore, n may be selected by the operator.

[0210] In this embodiment, the B-mode image based on
the optimum sound speed before update may be stored, for
example, in the image memory 32 or the like, and the image
may be read therefrom and displayed.

[0211] Further, in the invention, one or more out of three
display methods, namely, the display of the B-mode image
in the (N+1)th frame based on the updated optimum sound
speed, the display of the B-mode image in the N-th frame
(and the B-mode image in the (N+1)th frame) based on the
updated optimum sound speed, and the display of the
B-mode image based on the updated optimum sound speed
and the B-mode image based on the optimum sound speed
before update, may be selected by mode selection or the like.
[0212] As another embodiment, the FREEZE button 116
may be configured such that it can be long pressed, and a still
image may be displayed in accordance with this operation of
the FREEZE button 116.

[0213] In the ultrasound diagnostic apparatus 10, as con-
ceptually shown in FIG. 5, in a state where the normal
transmission and reception shown in FIG. 3A is performed
at a predetermined frame rate, and a motion image in the live
mode is displayed, if freeze is instructed by the FREEZE
button 116 (FREEZE button ON), subsequently, the piezo-
electric element array 14 performs the transmission and
reception for sound speed setting shown in FIG. 3B at a
predetermined frame rate as conceptually shown in FIG. 4.
[0214] The frame rate of the transmission and reception
for sound speed setting at this time may be different from the
frame rate of the normal transmission and reception.
[0215] While the FREEZE button 116 is ON, the trans-
mission and reception for sound speed setting is repeatedly
performed, and reception data is sequentially stored in the
reception data memory 36.

[0216] In the sound speed setter 40, the optimum sound
speed is set correspondingly to all frames, in which the
transmission and reception for sound speed setting is per-
formed, in the similar way as described above and the set
optimum sound speeds are supplied to the signal processor
20. The signal processor 20 reads reception data from the
reception data memory 36, and performs delay correction
based on the corresponding optintum sound speed to pro-
duce a B-mode image signal. The B-mode image signal is
processed by the DSC 24 and the image processor 26, and
a motion image of the B-mode image by the transmission
and reception for sound speed setting is displayed on the
display unit 30 at a predetermined frame rate.

[0217] From this state, as shown in FIG. 5, if the FREEZE
button 116 is released (FREEZE button OFF), the B-mode
image in the frame (N-th frame) immediately before the
release of the FREEZE button is displayed on the display
unit 30 as a still image according to the freeze instruction.
Alternatively, still images of the B-mode images for n
frames (where n is an integer less than N) before the N-th
frame may be displayed on the display unit 30.

[0218] That is, according to this embodiment, it is possible
to display the B-mode image based on the sound speed at
time point when freeze is instructed.

[0219] In addition, in the ultrasound diagnostic apparatus
10 of the illustrated example, in a state where the normal
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transmission and reception shown in FIG. 3A is repeatedly
performed in accordance with a predetermined frame rate,
and the B-mode image in the live mode is displayed, also
when the instruction on an observation target range is given
by operation of the operating device 46, the transmission and
reception for sound speed setting is performed in response to
this instruction, and the optimum sound speed is updated.
[0220] Specifically, in the ultrasound diagnostic apparatus
10, it is assumed that the normal transmission and reception
shown in FIG. 3A is performed at a predetermined frame
rate as described above, and the DEPTH button 108 is
operated during the B-mode image is displayed. In response
to this operation, that is, the instruction to change the
observation depth (depth of visual field), the controller 42
gives an instruction to the transmission circuit 16 and the
reception circuit 18 so that the piezoelectric element array
14 performs the transmission and reception for sound speed
setting in the transmission and reception immediately after
the instruction to change the observation depth, and the
sound speed setter 40 sets the optimum sound speed and
updates the optimum sound speed in a similar way as
described above.

[0221] As an example, the DEPTH button 108 is a so-
called neutral-off locker switch (seesaw switch), and per-
forms operation (gives an instruction) to increase and
decrease the observation depth.

[0222] In the illustrated example, an end portion on a deep
side of the ultrasound image is moved in the depth direction
to increase or decrease the observation depth. However, in
the invention, alternatively, an end portion on a shallow side
of the ultrasound image may be moved in the depth direction
to increase or decrease the observation depth, or the increase
or decrease by movement of the end portion on the shallow
side and movement of the end portion on the deep side may
be selected.

[0223] 1Inthe invention, change means (change instruction
inputter) for the observation depth is not limited thereto, and
means for changing only the observation depth without
changing the extent of the observation region (the extent of
the observation field) in the depth direction may be pro-
vided. Alternatively, both means for increasing or decreasing
the observation depth and means for changing only the
observation depth without changing the extent of the obset-
vation region may be provided.

[0224] In the ultrasound diagnostic apparatus 10, as con-
ceptually shown in FIG. 6A, when the normal transmission
and reception shown in FIG. 3A is performed at a predeter-
mined frame rate, if an instruction to decrease the observa-
tion depth is given in the N-th frame by the DEPTH button
108, the transmission and reception for sound speed setting
is performed in the next (N+1)th frame in response to this
instruction.

[0225] FIG. 6B conceptually shows ultrasound images
which are produced by transmission and reception of an
ultrasonic wave in individual frames.

[0226] When the instruction to decrease the observation
depth is given by the DEPTH button 108, as transmission
and reception for sound speed setting, the transmission and
reception shown in FIG. 3B which forms five focuses for
setting for one scan line may be performed. However, when
the decrease of the observation depth is performed (an
instruction to make the end portion on the deep side shal-
lower is given), an ultrasonic echo is not received from a
reduced deep region, and an ultrasound image is not pro-
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duced. Accordingly, it is purposeless to obtain the optimum
sound speed in this region, and transmission and reception
which forms a focus for setting in this region is not required.
[0227] For this reason, when the observation depth is
decreased, as shown in the (N+1)th frame of FIG. 6A, it is
preferable that transmission and reception which forms a
focus for setting at the deepest position on each scan line in
the transmission and reception for sound speed setting is not
performed. That is, in this example, the transmission and
reception for sound speed setting is performed four times for
each scan line in accordance with the decrease of the
observation depth.

[0228] After the transmission and reception for sound
speed setting is performed in the (N+1)th frame, as
described above, reception data thereof is stored in the
reception data memory 36, the signal processor 20 reads
reception data from the reception data memory 36, and the
optimum sound speed is set by the sound speed setter 40.
[0229] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed. That
is, in the ultrasound diagnostic apparatus 10, as a preferred
embodiment, immediately after the instruction to decrease
the observation depth is performed by the DEPTH button
108, the transmission and reception for sound speed setting
is performed, and the optimum sound speed is updated.
[0230] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting in the (N+1)th frame
from the reception data memory 36 again, performs delay
correction on the basis of the updated optimum sound speed,
and thereafter, as described above, a B-mode image signal is
produced. When producing the B-mode image signal, thin-
ning or the like of reception data may be performed as
necessary.

[0231] Similarly to the above, the B-mode image signal in
the (N+1)th frame produced by the signal processor 20 is
processed by the DSC 24 and the image processor 26, and
is displayed on the display unit 30.

[0232] In the transmission and reception for sound speed
setting in the (N+1)th frame, the B-mode image may not be
produced, but only the setting of the optimum sound speed
may be performed. In this regard, the same applies to
different transmission and reception for sound speed setting.
[0233] After the transmission and reception for sound
speed setting in the (N+1)th frame ends, the controller 42
gives an instruction to the transmission circuit 16 and the
reception circuit 18 so that the piezoelectric element array
14 performs the normal transmission and reception for
producing a B-mode image with a decreased observation
depth in the (N+2)th frame and afterward.

[0234] Here, the transmission and reception after the
observation depth is decreased may be the normal transmis-
sion and reception shown in FIG. 3A. However, as described
above, when the decrease of the observation depth is per-
formed, an ultrasound image is not produced for a reduced
deep region, and the transmission and reception which forms
a transmission focus in this region is purposeless.

[0235] For this reason, when the observation depth is
decreased, it is preferable that in the normal transmission
and reception, the transmission and reception which forms a
focus for setting at the deepest position on each scan line is
not performed, as shown in the (N+2)th frame and afterward
in FIG. 6A. That is, in this example, in the normal trans-
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mission and reception, two transmissions and receptions are
performed for each scan line in accordance with the decrease
of the observation depth.

[0236] Similarly to the above, a reception signal by the
normal transmission and reception in the (N+2)th frame is
processed into reception data and as such stored in the
reception data memory 36. The signal processor 20 reads
reception data, performs delay correction on the basis of the
updated optimum sound speed to produce a B-mode image
signal, and displays a B-mode image on the display unit 30.
As conceptually shown in FIG. 6B, the B-mode image
becomes an image having a decreased observation depth
with no luminance in a deeper portion.

[0237] In the (N+3)th frame and afterward, the same
normal transmission and reception and the production and
display of the B-mode image are repeatedly performed. In
the case where the observation depth is decreased, the frame
rate 1s shortened in accordance with the decreased observa-
tion depth.

[0238] When the update of the optimum sound speed in
the (N+1)th frame is too late, the B-mode image may be
produced on the basis of the optimum sound speed used
before the (N+1)th frame. In this regard, the same applies to
the update of the optimum sound speed in response to an
instruction on a different observation target range (and an
instruction to change image quality and an instruction to
change an image mode described later).

[0239] In the ultrasound diagnostic apparatus 10, also in
the case where the increase of the observation depth is
instructed by the DEPTH button 108 in a state where the
observation depth is decreased as shown in FIGS. 6A and
6B, similarly, the transmission and reception for sound
speed setting is performed and the optimum sound speed is
updated.

[0240] That is, as conceptually shown in FIGS. 7A and 7B,
in a state where the ultrasound image having a decreased
observation depth is produced and displayed by the normal
transmission and reception according to a decreased obser-
vation depth, if an instruction to increase the observation
depth (in this example, an instruction to restore the obser-
vation depth) is given in the N-th frame by the DEPTH
button 108, in response to this instruction, the transmission
and reception for sound speed setting is performed in the
next (N+1)th frame.

[0241] Since the optimum sound speed is updated ahead in
a depth region under observation, the transmission and
reception for sound speed setting when increasing the obser-
vation depth is a transmission and reception which forms a
focus for setting only in the extended depth region, as shown
in FIG. 7A. That is, in this example, four transmissions and
receptions in total including two transmissions and recep-
tions which form a focus for setting and two transmissions
and receptions which form a transmission focus for B mode
forming are performed for one scan line.

[0242] However, when increasing the observation depth,
the transmission and reception for sound speed setting of
FIG. 3B for the formation of focuses for setting correspond-
ing to the entire surface of the ultrasound image may be
performed. Further, when the transmission and reception for
sound speed setting is performed, the optimum sound speed
may be updated over the entire surface in the same way as
described above.

[0243] After the transmission and reception for sound
speed setting is performed in the (N+1)th frame, similarly to
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the above, reception data is stored in the reception data
memory 36, the signal processor 20 reads reception data
from the reception data memory 36, and the optimum sound
speed is set by the sound speed setter 40.

[0244] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed. That
is, in the ultrasound diagnostic apparatus 10, the transmis-
sion and reception for sound speed setting is performed
immediately after the increase or decrease of the observation
depth is performed by the DEPTH button, and the optimum
sound speed is updated.

[0245] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting in the (N+1)th frame
from the reception data memory 36 again, and performs
delay correction on the basis of the updated optimum sound
speed to produce a B-mode image signal. When producing
the B-mode image signal, thinning or the like of reception
data may be performed as necessary.

[0246] The B-mode image signal in the (N+1)th frame
produced by the signal processor 20 is processed by the DSC
24 and the image processor 26, and is displayed on the
display unit 30.

[0247] After the transmission and reception for sound
speed setting in the (N+1)th frame ends, the controller 42
gives an instruction to the transmission circuit 16 and the
reception circuit 18 so that the piezoelectric element array
14 performs the normal transmission and reception shown in
FIG. 3A for producing a B-mode image having an increased
observation depth.

[0248] 1In response to this instruction, as shown in FIG.
7A, in the (N+2)th frame and afterward, the normal trans-
mission and reception shown in FIG. 3A is repeatedly
performed at a predetermined frame rate, and delay correc-
tion is performed on reception data obtained by the trans-
mission and reception on the basis of the updated optimum
sound speed to produce a B-mode image signal. and as
shown in FIG. 7B, a B-mode image having an extended
depth region is displayed at a predetermined frame rate.
[0249] If the observation depth is increased or decreased
as described above, the reception time of the ultrasonic echo
changes with the change of the observation depth, and the
frame rate also changes, accordingly.

[0250] In response to this, as described above, the fre-
quency of the update of the optimum sound speed which is
performed regularly, for example, once for every predeter-
mined number of frames may be changed.

[0251] In the ultrasound diagnostic apparatus 10 of the
illustrated example, also in the case where ROI setting is
instructed as the instruction on an observation target range,
the update of the optimum sound speed is performed.
[0252] As an example, in the ultrasound diagnostic appa-
ratus 10, in a state where a frame representing an ROI (a
so-called ROI box) is not displayed, if the ZOOM button 82
is pressed, the ROI box is displayed in the ultrasound image.
Subsequently, the position of the ROI box is adjusted by the
trackball 102, and the SET button 106 is pressed, whereby
the position of the ROI box is determined. Thereafter, the
size of the ROI box can be adjusted by operation of the
trackball 102, and the SET button 106 is pressed to deter-
mine the ROL

[0253] It is possible to return to operation at a previous
stage by pressing the DELETE button 100 during operation.
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[0254] 1Inthe ultrasound diagnostic apparatus 10, as shown
on the left side of FIGS. 8A and 8B, in a state where the
normal transmission and reception shown in FIG. 3A is
performed and the B-mode image is displayed, as described
above, the display of the frame representing the ROT and the
adjustment of the position and size of the ROI are per-
formed, and then, the ROT is determined by the SET button
106.

[0255] In FIGS. 8A, 8B, and FIGS. 9A to 9C described
later, reference character R denotes the frame representing
the ROL

[0256] In response to this instruction to determine an ROI
(that is, an instruction to set an ROI), the controller 42 gives
an instruction to the transmission circuit 16 and the recep-
tion circuit 18 so that the piezoelectric element array 14
performs the transmission and reception for sound speed
setting in a frame immediately after the determination
instruction. That is, in the ultrasound diagnostic apparatus
10, as a preferred embodiment, the transmission and recep-
tion for sound speed setting is performed immediately after
the ROI is set by the determination instruction, and the
optimum sound speed is updated.

[0257] Here, in this transmission and reception, the trans-
mission and reception for sound speed setting of FIG. 3B for
the formation of focuses for setting over the entire ultra-
sound image may be performed. However, preferably, as
shown in FIG. 8B, transmission and reception in which a
focus for setting is formed only in the ROI box, and a
transmission focus corresponding to the normal transmis-
sion and reception is formed in the region other than the ROI
is performed. Thereby, it is possible to shorten the time
required for the transmission and reception for sound speed
setting in response to the instruction to set an ROI, while
enhancing the image quality in the ROI.

[0258] Similarly to the above, reception data obtained by
such transmission and reception is sequentially stored in the
reception data memory 36. If reception data is stored in the
reception data memory 36, first, the signal processor 20
reads reception data inside the ROI, and updates the opti-
mum sound speed in the ROI in the same way as described
above.

[0259] After the optimum sound speed in the ROI is
updated, next, the signal processor 20 reads reception data
from the reception data memory 36, and performs delay
correction to produce a B-mode image signal. At this time,
regarding reception data inside the ROI, delay correction is
performed on the basis of the updated optimum sound speed,
and regarding reception data in the region other than the
ROI, delay correction is performed on the basis of the
optimum sound speed used before the ROI determination.
Thereafter, the B-mode image is displayed on the display
unit 30 in a similar way to that described above.

[0260] In subsequent frames, the normal transmission and
reception shown in FIG. 3A is performed at a predetermined
frame rate, and reception data is processed to produce a
B-mode image signal. Here, reception data inside the ROI is
processed on the basis of the updated optimum sound speed,
and reception data in the region other than the ROI is
processed on the basis of the optimum sound speed used
before the determination of the ROI. The B-mode image is
displayed at a predetermined frame rate.

[0261] In the ultrasound diagnostic apparatus 10, for
example, movement of the set ROI and the extension and
reduction of the set ROI can be performed by operation
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instructions through the DELETE button 100, the trackball
102, and the SET button 106.

[0262] For example, as conceptually shown on an upper
side of FIG. 9A, it is assumed that movement of the ROI is
instructed, the ROI is moved, and the ROI is determined by
the SET button 106. In response to this determination of the
ROI, as shown on a lower side of FIG. 9A, the transmission
and reception as above, in which a focus for setting is
formed in the ROI and a transmission focus corresponding
to the normal transmission and reception is formed in the
region other than the ROI, is performed in the frame
immediately after the determination according to the moved
and determined ROI. Thereby, the optimum sound speed in
the ROI is updated, and a B-mode image signal is produced
and displayed.

[0263] Subsequently. the normal transmission and recep-
tion shown in FIG. 3A is performed at a predetermined
frame rate, reception data is processed to produce a B-mode
image signal, and the B-mode image is displayed. Here,
reception data inside the ROI is processed on the basis of the
updated optimum sound speed, and reception data in the
region other than the ROI is processed on the basis of the
optimum sound speed used before the determination of the
ROL

[0264] As conceptually shown on an upper side of FIG.
9B, it is assumed that the extension of the ROI (the extension
of the ROI box) is instructed, and the ROI is extended and
determined. In response to this extension and determination
of the ROI, as shown on a lower side of FIG. 6B, the
transmission and reception, in which a focus for setting and
a transmission focus corresponding to the normal transmis-
sion and reception are formed, is performed in the frame
immediately after the determination according to the
extended and determined ROl in a manner similar to the
above, the optimum sound speed in the ROI is updated, and
a B-mode image is produced and displayed.

[0265] Subsequently. similarly to the above, the normal
transmission and reception shown in FIG. 3A is performed
at a predetermined frame rate, reception data is processed to
produce a B-mode image signal, and the B-mode image is
displayed. Reception data inside the ROI is processed on the
basis of the updated optimum sound speed, and reception
data in the region other than the ROI is processed on the
basis of the optimum sound speed used before the determi-
nation of the ROL

[0266] When the reduction of the ROI is performed, the
update of the optimum sound speed may be performed
similarly, or since the update of the optimum sound speed in
the ROI has been performed at the time of ROI setting, the
update of the optimum sound speed in the ROI may not be
performed.

[0267] In the above example, when the determination of
the ROI is instructed by determination means (determination
instruction inputter), the transmission and reception for
sound speed setting is performed, and the update of the
optimum sound speed in the RO is performed.

[0268] Here, even in a state where the determination is not
instructed by the SET button 106, when there is no move-
ment of the frame representing the RO or no change in size
thereof in a state where the setting, movement, extension,
reduction or the like of the ROI is instructed, it is considered
that the operator has an interest in the region as represented
by the frame. That is, when the frame representing the ROI
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stops, it is considered that the operator has an interest in the
region as represented by the frame.

[0269] Accordingly, in the invention, in a state where the
setting, movement, extension, reduction or the like of the
ROI is instructed, and before the determination of the ROI,
when the ROI box stops for a predetermined time (for
example, a predetermined time set appropriately between
0.5 to 5 seconds, in particular, about 1 second) or more, this
may be regarded as the instruction to determine the ROI, and
the update of the optimum sound speed in the box (or the
entire ultrasound image) may be performed.

[0270] Alternatively, when the updated state of the opti-
mum sound speed according to either the update of the
optimum sound speed by the determination of the ROI or the
update of the optimum sound speed according to the stop-
ping of the frame representing the ROI is reached, the update
of the optimum sound speed may be performed.

[0271] Further, two or more of the update of the optimum
sound speed by the determination of the ROI, the update of
the optimum sound speed according to the stopping of the
ROI box, and the update of the optimum sound speed
according to either the determination or the stopping of the
ROI may be selected.

[0272] As above, according to the invention, in the ultra-
sound diagnostic apparatus, when the instruction on an
observation target range, such as an instruction to change in
observation depth or set an RO, is given, the transmission
and reception for sound speed setting is performed in
response to this instruction to update a sound speed, and
thereafter, delay correction is performed on the basis of the
updated sound speed to produce a B-mode image.

[0273] Therefore, according to the invention, it is possible
to stably display a high-quality ultrasound image with no
distortion or the like on the basis of an accurate sound speed,
correspondingly to an observation target range in which an
ultrasound image is desired to be observed in detail.
[0274] Inthe ultrasound diagnostic apparatus 10, as shown
on an upper side of FIG. 9C, it is possible to enlarge (and
reduce) an ultrasound image inside the ROI using the
ZOOM button 82 of the operating device 46.

[0275] In this case, the inside of the ROI is just enlarged
and displayed, and as shown on a lower side of FIG. 9C, no
instruction is given on an observation target range. Accord-
ingly, when the enlargement of the ultrasound image inside
the ROI is performed, in particular, the update of the
optimum sound speed may not be performed.

[0276] However, when the ultrasound image inside the
ROI is enlarged, it is considered that this is to observe the
ROI in more detail.

[0277] For this reason, when the enlargement of the ultra-
sound image inside the ROI is performed, transmission and
reception for sound speed setting in which the density of the
focuses for setting in the ROI is higher than the density of
the focuses for setting in the transmission and reception for
setting shown in FIG. 3B may be performed in response to
this instruction so as to update the sound speed in the ROI.

[0278] For example, as shown in FIG. 9C, if a displayed
image becomes approximately an image inside the ROI by
the enlargement of the ultrasound image, the transmission
and reception for sound speed setting is performed so that
five focuses for setting are formed for one scan line in the
ROIL. Accordingly, in regard to one scan line, it is possible
to perform the update of the optimum sound speed in the
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ROI more closely with the same number of times of trans-
mission as the transmission and reception for sound speed
setting shown in FIG. 3B.

[0279] As described above, in the ultrasound diagnostic
apparatus 10, the update of the optimum sound speed is
performed at a regular timing of once for every predeter-
mined number of frames.

[0280] At this time, in a state where the ROI is set as
shown in FIGS. 8A and 8B or 9A to 9C, a regular update of
the optimum sound speed may be performed only in the ROI
or may be performed over the entire surface of the ultra-
sound image. However, if the update of the optimum sound
speed only in the ROI is continued over a long time (in
multiple frames), a sense of discomfort may arise between
ultrasound images inside and outside the ROl For this
reason, even when the regular update of the optimum sound
speed is performed only in the RO, it is preferable to
perform the update of the optimum sound speed over the
entire surface of the ultrasound image at a frequency lower
than the frequency of the update in the ROL.

[0281] In the above example, although change in obser-
vation depth and ROI setting are illustrated as the instruction
on an observation target range, the invention is not limited
thereto.

[0282] For example, as the instruction on an observation
target range, extension and reduction of an observation
region (observation field) in the azimuth direction, extension
and reduction of an observation region (observation field) in
both the azimuth direction and the depth direction, enlarge-
ment and reduction (zoom-in and zoom-out) of an ultra-
sound image, or the like may be used. Accordingly, instruc-
tion means (instruction inputter) for instructing the
observation target range may be provided in the operating
device 46, and in response to the instruction on an obser-
vation target range given by the instruction means, the
transmission and reception for sound speed setting may be
performed, the optimum sound speed may be updated, and
thereafter, an ultrasound image may be produced.

[0283] In the ultrasound diagnostic apparatus 10 of the
illustrated example, even in a state where the normal trans-
mission and reception shown in FIG. 3A is repeatedly
performed at a predetermined frame rate, and the B-mode
image in the live mode is displayed, if change in image is
instructed by operation through the operating device 46, in
response to this instruction, the transmission and reception
for sound speed setting is performed, and the update of the
optimum sound speed is performed.

[0284] In the ultrasound diagnostic apparatus 10, it is
assumed that in a state where the normal transmission and
reception shown in FIG. 3A is performed at a predetermined
frame rate, and a motion image in the live mode is displayed,
the GAIN dial 114 is operated to give an instruction to
change a gain. In response to this instruction, the controller
42 gives an instruction to the transmission circuit 16 and the
reception circuit 18 so that the piezoelectric element array
14 performs the transmission and reception for sound speed
setting shown in FIG. 3B in the transmission and reception
immediately after the instruction to change a gain is given,
and similarly to the above, the sound speed setter 40 sets the
optimum sound speed and performs the update of the
optimum sound speed.

[0285] That is, as conceptually shown in FIG. 104, in the
ultrasound diagnostic apparatus 10, in the above-mentioned
state where the normal transmission and reception shown in
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FIG. 3A is performed at a predetermined frame rate, and the
B-mode image is displayed, if change in gain is performed
in the N-th frame by the GAIN dial 114, the transmission and
reception for sound speed setting shown in FIG. 3B is
performed in the next (N+1)th frame in response to this
instruction.

[0286] FIG. 10B conceptually shows ultrasound images
which are produced by transmission and reception of an
ultrasonic wave in individual frames.

[0287] After the transmission and reception for sound
speed setting is performed in the (N+1)th frame immediately
after the GAIN dial 114 is operated, similarly to the above,
reception data is stored in the reception data memory 36, the
signal processor 20 reads reception data from the reception
data memory 36, and the optimum sound speed is set by the
sound speed setter 40.

[0288] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed. That
is, in the ultrasound diagnostic apparatus 10, as a preferred
embodiment, the transmission and reception for sound speed
setting is performed immediately after gain change is
instructed, and the optimum sound speed is updated.

[0289] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting from the reception
data memory 36 again, and performs delay correction on the
basis of the updated optimum sound speed to produce a
B-mode image signal. When producing the B-mode image
signal, thinning or the like of reception data may be per-
formed as necessary.

[0290] The B-mode image signal produced by the signal
processor 20 is processed in the DSC 24 and the image
processor 26, and is displayed on the display unit 30.

[0291] In the subsequent (N+2)th frame and afterward, as
shown in FIGS. 10A and 10B, the normal transmission and
reception shown in FIG. 3Ais performed, and reception data
is processed on the basis of the updated optimum sound
speed to produce a B-mode image signal.

[0292] In the ultrasound diagnostic apparatus 10 of the
illustrated example, also when the STC key 68 is operated,
in response thereto, the transmission and reception for sound
speed setting is performed, and the update of the optimum
sound speed is performed.

[0293] As described above, the STC key 68 is operating
means (operating unit) which performs gain adjustment for
each depth region of the ultrasound image, individually. In
the illustrated example, the STC key 68 can adjust the gain
in each of six depth regions, individually.

[0294] As conceptually shown in FIG. 11A, in the ultra-
sound diagnostic apparatus 10, similarly to the above, in the
above-mentioned state where the normal transmission and
reception shown in FIG. 3A is performed at a predetermined
frame rate, and the B-mode image is displayed, if the STC
key 68 is operated in the N-th frame to change the gain at
any depth, the transmission and reception for sound speed
setting shown in FIG. 3B is performed in the next (N+1)th
frame.

[0295] Similarly to FIG. 10B, FIG. 11B conceptually
shows ultrasound images which are produced by transmis-
sion and reception of an ultrasonic wave in individual
frames.

Nov. 10, 2016

[0296] In this example, it is assumed that the second STC
key 68 from the bottom (for the second deepest depth
region) is operated.

[0297] The transmission and reception for sound speed
setting in the (N+1)th frame corresponding to operation of
the STC key 68 may be the transmission and reception for
sound speed setting shown in FIG. 3B in which focuses for
setting are formed over the entire surface of an ultrasound
image, and the update of the optimum sound speed over the
entire surface is performed.

[0298] However, a depth region in which the gain is not
adjusted is a region for which the operator determines that
image quality of the ultrasound image has no problem.
Accordingly, in this depth region, it is not necessary to dare
to perform the update of the optimum sound speed.

[0299] For this reason, in the transmission and reception
for sound speed setting corresponding to operation of the
STC key 68, as shown in FIG. 1A, the transmission and
reception for sound speed setting is performed so that a
focus for setting is only formed correspondingly to the depth
region in which the gain is adjusted, and the same trans-
mission focuses as those in the normal transmission and
reception are formed in the other depth regions. Thereby, it
is possible to shorten the time required for the transmission
and reception for sound speed setting in response to the
instruction to change a gain, while enhancing the image
quality of the image in the depth region in which the gain is
changed.

[0300] After the transmission and reception for sound
speed setting is performed in the transmission and reception
in the (N+1)th frame immediately after the STC key 68 is
operated, similarly to the above, reception data is stored in
the reception data memory 36. The signal processor 20 reads
reception data obtained by the transmission to and reception
from the transmission focus for sound speed update from the
reception data memory 36. Using the read reception data, the
sound speed setter 40 sets the optimum sound speed in the
region in which the transmission focus for sound speed
update is set, that is, the depth region for which change in
gain is instructed.

[0301] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optinum sound speed of the
depth region in which change in gain is instructed. That is,
also in this example, as a preferred embodiment, the trans-
mission and reception for sound speed setting is performed
immediately after gain change is instructed by the STC key
68, and the optimum sound speed is updated.

[0302] After the optimum sound speed is updated, the
signal processor 20 reads reception data, which is obtained
by the transmission to and reception from the transmission
focuses for B mode production in the transmission and
reception for sound speed setting, from the reception data
memory 36, and performs delay correction on the basis of
the updated optimum sound speed to produce a B-mode
image signal.

[0303] The B-mode image signal produced by the signal
processor 20 is processed in the DSC 24 and the image
processor 26, and is displayed on the display unit 30.
[0304] In the (N+2)th frame and afterward, as shown in
FIGS. 11A and 11B, the normal transmission and reception
shown in FIG. 3A is performed, and reception data is
processed on the basis of the updated optimum sound speed
to produce a B-mode image signal.
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[0305] As described above, according to the invention, in
the ultrasound diagnostic apparatus, in response to the
instruction to change image quality, the transmission and
reception for sound speed setting is performed immediately
after the change in image quality is instructed to update the
sound speed, and an ultrasound image is produced on the
basis of the updated sound speed.

[0306] Therefore, according to the invention, it is possible
to produce an ultrasound image at an accurate sound speed
by updating a sound speed at an appropriate timing when the
operator wants to improve image quality, and thus to pro-
duce a high-quality ultrasound image with no deterioration
of image quality due to distortion or the like.

[0307] In clinical practice, during diagnosis, if a plurality
of switches should be operated by the operator, this may
cause erroneous operation. Accordingly, an increase in the
number of switches to be operated during diagnosis causes
a problem. In contrast, in the invention, the sound speed is
updated with the instruction to change image quality as a
trigger. Therefore, according to the invention, it is possible
to update the sound speed at an appropriate timing without
providing a switch which instructs to update a sound speed,
so as to produce an ultrasound image of high-quality.
[0308] In the above example, the update of the optimum
sound speed is performed when either of the GAIN dial 114
and the STC key 68 is operated. However, the invention is
not limited thereto.

[0309] That is, in the invention, the optimum sound speed
may be updated only when operation is performed corre-
sponding to either the GAIN dial 114 or the STC key 68.
Alternatively, selection means (selection instruction input-
ter) may be provided in the operating device 46, and any of
the update of the optimum sound speed corresponding to
operation of either of the GAIN dial 114 and the STC key 68,
the update of the optimum sound speed corresponding to
operation of only the GAIN dial 114, and the update of the
optimum sound speed corresponding to operation of only the
STC key 68 may be selected.

[0310] Further, in the ultrasound diagnostic apparatus 10
of the illustrated example, the transmission and reception for
sound speed setting is performed at the timing when opera-
tion of the GAIN dial 114 or the STC key 68 starts.
However, the invention is not limited thereto.

[0311] For example, the transmission and reception for
sound speed setting may be performed at the timing when
operation of the GAIN dial 114 or the STC key 68 is
determined. Alternatively, the inventive apparatus may be
configured such that the transmission and reception for
sound speed setting is performed when operation of the
GAIN dial 114 or the STC key 68 starts, and the update of
the optimum sound speed is performed using reception data
obtained by the preceding transmission and reception for
sound speed setting at the timing when operation of the
GAIN dial 114 or the STC key 68 is determined. In addition,
the inventive apparatus may be configured such that when
the amount of operation of the GAIN dial 114 or the STC
key 68 exceeds a predetermined threshold value, the trans-
mission and reception for sound speed setting is performed
to update the optimum sound speed. These configurations
may be selected by the mode or the like.

[0312] In the above example, as the instruction to change
image quality of an ultrasound image that 1s accompanied
with the update of the optimum sound speed, gain adjust-
ment is illustrated.
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[0313] However, in the ultrasound diagnostic apparatus 10
of the invention, the operating device 46 may additionally
have at least one of dynamic range (contrast) adjustment
means (adjustment instruction inputter), gradation curve
processing (map) adjustment means (gradation curve pro-
cessing instruction inputter), sharpness adjustment means
(adjustment instruction inputter), and speckle noise removal
processing instruction means (speckle noise removal pro-
cessing instruction inputter), and when change (adjustment)
in image quality is instructed corresponding to at least one
of dynamic range, sharpness, gradation curve processing and
speckle noise removal processing of an ultrasound image,
the update of the optimum sound speed may be performed.
Out of these instructions to change image quality, any may
be selected as an instruction accompanied with the update of
the optimum sound speed.

[0314] In the ultrasound diagnostic apparatus 10 of the
invention, such changes in image quality may be performed
using known image processing or the like. Further, such
changes in image quality may be performed on the entire
ultrasound image or carried out through means having a
fanction of performing adjustment for each of predeter-
mined depth regions, such as the STC key 68.

[0315] Further, in the ultrasound diagnostic apparatus 10,
in the above-mentioned state where the normal transmission
and reception shown in FIG. 3A is repeatedly performed in
accordance with a predetermined frame rate, and B-mode
image in the live mode is displayed, also when the instruc-
tion to change the image mode is given by operation of the
operating device 46, the transmission and reception for
sound speed setting is performed, and the update of the
optimum sound speed is performed.

[0316] In the ultrasound diagnostic apparatus 10, it is
assumed that in a state where the normal transmission and
reception of FIG. 3A in a fundamental wave mode (herein-
after, also referred to as “FI mode”) is performed at a
predetermined frame rate, and a motion image in the live
mode is displayed, the HARMONICS button 80 is pressed
to instruct to switch the image mode to the THI mode. In
response to this instruction, the controller 42 gives an
instruction to the transmission circuit 16 and the reception
circuit 18 so that the piezoelectric element array 14 performs
the transmission and reception for sound speed setting of
FIG. 3B in the THI mode in the transmission and reception
immediately after the change in mode is instructed, and
similarly to the above, the sound speed setter 40 sets the
optimum sound speed and updates the optimum sound
speed.

[0317] That is, in the ultrasound diagnostic apparatus 10,
as conceptually shown in FIG. 12A, in a state where the
normal transmission and reception of FIG. 3A in the FI
mode (at a frequency of f] in both transmission and recep-
tion) is performed at a predetermined frame rate, and the
B-mode image is displayed, if the HARMONICS button 80
is pressed in the N-th frame and change to the THI mode is
performed, in response to this instruction, the transmission
and reception for sound speed setting shown in FIG. 3B is
performed in the next (N+1)th frame in the THI mode in
which an ultrasonic wave (fundamental wave) at a frequency
of f, is transmitted and an ultrasonic echo as a harmonic of
the fundamental wave (e.g., a second harmonic (at a fre-
quency of 2f))) is received.
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[0318] FIG. 12B conceptually shows ultrasound images
which are produced by transmission and reception of an
ultrasonic wave in individual frames.

[0319] After the transmission and reception for sound
speed setting is performed in the transmission and reception
in the (N+1)th frame immediately after the change to the
THI mode is instructed, similarly to the above, reception
data is stored in the reception data memory 36, the signal
processor 20 reads reception data from the reception data
memory 36, and the optimum sound speed is set by the
sound speed setter 40.

[0320] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed. That
is, in the ultrasound diagnostic apparatus 10, as a preferred
embodiment, the transmission and reception for sound speed
setting is performed immediately after the change to the THI
mode is instructed, and the optimum sound speed is updated.
[0321] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting from the reception
data memory 36 again, and performs delay correction on the
basis of the updated optimum sound speed to produce a
B-mode image signal. When producing the B-mode image
signal, thinning or the like of reception data may be per-
formed as necessary.

[0322] The B-mode image signal produced by the signal
processor 20 is processed in the DSC 24 and the image
processor 26, and is displayed on the display unit 30.
[0323] 1In the (N+2)th frame and afterward, as shown in
FIGS. 12A and 12B, the normal transmission and reception
shown in FIG. 3A is performed in the THI mode in which the
ultrasonic wave at a frequency of f; is transmitted and the
ultrasonic echo as a second harmonic of the fundamental
wave that has a frequency of 2f; is received, and reception
data is processed on the basis of the updated optimum sound
speed to produce the B-mode image signal in the THI mode.
[0324] Further, in the ultrasound diagnostic apparatus 10,
also when mode change from the FI mode to the CH mode
is performed, similarly to the above, the update of the
optimum sound speed is performed.

[0325] That is, as conceptually shown in FIG. 134, in the
ultrasound diagnostic apparatus 10, it is assumed that in a
state where the normal transmission and reception of FIG.
3A in the FI mode (at a frequency of f; in both transmission
and reception) is performed at a predetermined frame rate,
and the B-mode image is displayed, the COMPOUND
button 78 is pressed in the N-th frame to instruct to change
the image mode to the CH mode. In response to this
instruction, the transmission and reception for sound speed
setting shown in FIG. 3B is performed in the next (N+1)th
frame in the CH mode in which an ultrasonic wave at a
frequency of f| is transmitted, and an ultrasonic echo as a
fundamental wave at a frequency of f; and an ultrasonic echo
as a harmonic of the fundamental wave (e.g., a second
harmonic (at a frequency of 2f))) are received.

[0326] FIG. 13B conceptually shows ultrasound images
which are produced by transmission and reception of an
ultrasonic wave in individual frames.

[0327] After the transmission and reception for sound
speed setting is performed in the transmission and reception
in the (N+1)th frame immediately after the change to the CH
mode is instructed, similarly to the above, reception data is
stored in the reception data memory 36, the signal processor
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20 reads reception data from the reception data memory 36,
and the optimum sound speed is set by the sound speed setter
40.

[0328] The sound speed setter 40 supplies the newly set
optimum sound speed to the signal processor 20, and the
signal processor 20 updates the optimum sound speed.
[0329] After the optimum sound speed is updated, the
signal processor 20 reads reception data by the transmission
and reception for sound speed setting from the reception
data memory 36 again, and performs delay correction on the
basis of the updated optimum sound speed to produce a
B-mode image signal. The B-mode image signal produced
by the signal processor 20 is processed in the DSC 24 and
the image processor 26, and is displayed on the display unit
30.

[0330] In the (N+2)th frame and afterward, as shown in
FIGS. 13A and 13B, the normal transmission and reception
shown in FIG. 3A is performed in the CH mode in which the
ultrasonic wave at a frequency of f; is transmitted, and the
ultrasonic echo at a frequency of f; and the ultrasonic echo
as the second harmonic at a frequency of 2f, of the funda-
mental wave are received, and reception data is processed on
the basis of the updated optimum sound speed to produce the
B-mode image signal in the CH mode.

[0331] Inthe example shown in FIGS. 13A and 13B, in the
CH mode, transmission of an ultrasonic wave is performed
only once. However, the invention is not limited thereto, and
in the CH mode, two (or more) transmissions of an ultra-
sonic wave may be performed, and the images obtained may
be synthesized.

[0332] That is, as conceptually shown in FIGS. 14A and
14B, in a state where the normal transmission and reception
of FIG. 3A in the FI mode is performed at a predetermined
frame rate, and the B-mode image is displayed, if the
COMPOUND button 78 is pressed to perform the change to
the CH mode, in the CH mode, the transmission and
reception, in which an ultrasonic wave at a frequency of f;
is transmitted and ultrasonic echoes as a fundamental wave
at a frequency of f; and as a harmonic at a frequency of 21,
of the fundamental wave are received, and the transmission
and reception, in which an ultrasonic wave at a frequency of
f, (f,<f,) is transmitted and an ultrasonic echo at a frequency
of f, is received, may be performed.

[0333] As described above, according to the invention, in
the ultrasound diagnostic apparatus, in response to the
instruction to change the image mode, the transmission and
reception for sound speed setting is performed immediately
after the change of the image mode is instructed to update
the sound speed, and an ultrasound image is produced on the
basis of the updated sound speed.

[0334] Therefore, according to the invention, it is possible
to produce an ultrasound image at an accurate sound speed
by updating the sound speed at an appropriate timing
immediately after the image mode is changed, and thus to
produce a high-quality ultrasound image with no deteriora-
tion of image quality due to distortion or the like immedi-
ately after the image mode is changed.

[0335] In the above example, as switching of the image
mode, switching from the FI mode to the THI mode and
switching from the FI mode to the CH mode are illustrated.
In the ultrasound diagnostic apparatus 10, the transmission
and reception for sound speed setting is performed so as to
update the optimum sound speed also when switching from
the THI mode to the FI mode, switching from the CH mode
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to the FI mode, switching from the THI mode to the CH
mode, and switching from the CH mode to the THI mode are
each instructed.

[0336] In a state where the B-mode image is displayed,
when the B button 94 or the like is pressed, the transmission
and reception for sound speed setting may similarly be
performed so as to update the optimum sound speed.
[0337] In the above example, the optimum sound speed is
updated correspondingly to all instructions to switch the
image mode including switching from the FI mode to the
THI mode, switching from the FI mode to the CH mode,
switching from the THI mode to the FI mode, switching
from the CH mode to the FI mode, switching from the THI
mode to the CH mode, and switching from the CH mode to
the THI mode.

[0338] However, the invention is not limited thereto. That
is, in the invention, the update of the optimum sound speed
may be performed correspondingly to only one or more out
of the instructions to switch the image mode. The switching
of the image mode accompanied with the update of the
optimum sound speed may be selected by operation of the
operating device 46 or the like.

[0339] Further, also when switching to so-called fre-
quency compounding or spatial compounding is instructed,
similarly, the update of the optimum sound speed may be
performed.

[0340] Moreover, in the above example, when the display
of the ultrasound image in the B mode is being performed,
the update of the optimum sound speed is performed if the
switching of the image mode is instructed.

[0341] However, in the ultrasound diagnostic apparatus 10
of the invention, the optimum sound speed may similarly be
updated also in the case where, for instance, a similar
switching of the image mode is performed when an ultra-
sound image is being displayed in the M mode. A display
mode accompanied with the update of the optimum sound
speed may be selected according to the switching of the
image mode.

[0342] In the ultrasound diagnostic apparatus 10 of the
illustrated example, when any instruction out of the instruc-
tion of freeze, the instruction on the observation target range,
the instruction to change image quality, and the instruction
to change the image mode is given, the transmission and
reception for sound speed setting is performed, and the
optimum sound speed is updated. However, the invention is
not limited thereto.

[0343] For example, the update of the optimum sound
speed may be performed correspondingly to only one
instruction or only two or three instructions out of the
instruction of freeze, the instruction on the observation
target range, the instruction to change image quality, and the
instruction to change the image mode. Furthermore, one or
more instructions accompanied with the update of the opti-
mum sound speed may be selected by mode selection or the
like.

[0344] Further, in the above example, the transmission and
reception for sound speed setting for updating the optimum
sound speed is performed in one frame. However, the
invention is not limited thereto. The formation of the focus
for setting may be performed in plural frames, and the
update of the optimum sound speed over the entire screen
may be performed in the plural frames.

[0345] As an example, when performing the update (set-
ting) of the optimum sound speed in response to each of the
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instructions described above, in the first frame, as shown in
FIG. 15A, a focus for setting is formed only on the first scan
line from the left of the drawing, and a transmission focus
corresponding to the normal transmission and reception is
formed on other scan lines, whereby the optimum sound
speed is updated correspondingly to the focus for setting.
[0346] In the next, second frame, as shown in FIG. 15B,
a focus for setting is formed only on the second scan line
from the left of the drawing, and a transmission focus
corresponding to the normal transmission and reception is
formed on other scan lines, whereby the optimum sound
speed is updated correspondingly to the focus for setting.
[0347] In the next, third frame, as shown in FIG. 15C, a
focus for setting is formed only on the third scan line from
the left of the drawing, and a transmission focus correspond-
ing to the normal transmission and reception is formed on
other scan lines, whereby the optimum sound speed is
updated correspondingly to the focus for setting.

[0348] In the next, fourth frame, as shown in FIG. 15D, a
focus for setting is formed only on the fourth scan line from
the left of the drawing, and a transmission focus correspond-
ing to the normal transmission and reception is formed on
other scan lines, whereby the optimum sound speed is
updated correspondingly to the focus for setting. In this way,
the optimum sound speed may be updated over the entire
screen (the entire surface of an ultrasound image) in four
frames in total.

[0349] Alternatively, a focus for setting may be formed for
each depth, instead of each scan line, so as to update the
optimum sound speed at one depth in one frame. For
example, in the example shown in FIG. 3B, focuses for
setting may be sequentially formed in ascending order of the
depth, with a focus for setting at one depth being formed in
one frame, and the optimum sound speed may be updated
over the entire screen in five frames.

[0350] Furthermore, one or plural focuses for setting may
be formed in one frame, and the update of the optimum
sound speed may be performed for each focus for setting.
For example, in the example shown in FIG. 3B, one focus
for setting may be formed in one frame, and the optimum
sound speed may be updated over the entire screen in 20
frames.

[0351] So far, the ultrasound diagnostic apparatus, the
method of producing an ultrasound image, and the recording
medium of the invention have been described in detail based
on the examples, but the invention is not limited thereto, and
various improvements and modifications may be of course
made without departing from the gist of the invention.
[0352] The invention can be suitably used for ultrasound
diagnosis which is used for various kinds of diagnoses in
clinical practice or the like.

What is claimed is:

1. 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 according 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;
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a sound speed setter which sets a sound speed in the
subject using the reception 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 configured to
instruct to change image quality of the ultrasound
image, and a mode change instruction inputter config-
ured to instruct to change an image mode of the
ultrasound image,

wherein 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 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 instruction to change
image quality from the image quality change instruc-
tion 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 reception signal obtained by the ultrasonic
transmission and reception 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,

the display displays the ultrasound image produced by
processing based on the updated sound speed,

the observation target range instruction inputter further
includes an observation depth change instruction input-
ter configured to instruct change in observation depth,
and the observation depth change instruction inputter
has an extension and reduction instruction inputter
configured to increase and decrease the observation
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.

2. 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 according 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 reception signal stored in the storage;

an image producer which processes the reception signal
output from the piezoelectric element array or the
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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 configured to
instruct to change image quality of the ultrasound
image, and a mode change instruction inputter config-
ured to instruct to change an image mode of the
ultrasound image,

wherein 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 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 instruction to change
image quality from the image quality change instruc-
tion 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 reception signal obtained by the ultrasonic
transmission and reception 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,

the display displays the ultrasound image produced by
processing based on the updated sound speed,

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 piezoelec-
tric element array to perform, 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, and

the sound speed setter sets a sound speed in the prede-
termined region using the reception signal obtained by
the ultrasonic transmission and reception for sound
speed setting to update the sound speed.

3. 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 according 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 reception signal stored in the storage;

an image producer which processes the reception signal
output from the piezoelectric element array or the
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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 configured to
instruct to change image quality of the ultrasound
image, and a mode change instruction inputter config-
ured to instruct to change an image mode of the
ultrasound image,

wherein 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 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 instruction to change
image quality from the image quality change instruc-
tion 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 reception signal obtained by the ultrasonic
transmission and reception 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,

the display displays the ultrasound image produced by
processing based on the updated sound speed, and

wherein 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 amplifi-
cation factor for amplifying the reception signal and
image processing in the image producer.

4. The ultrasound diagnostic apparatus according to claim

wherein 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.

5. 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 according 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 reception signal stored in the storage;

an image producer which processes the reception signal
output from the piezoelectric element array or the
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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 configured to
instruct to change image quality of the ultrasound
image, and a mode change instruction inputter config-
ured to instruct to change an image mode of the
ultrasound image,

wherein 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 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 instruction to change
image quality from the image quality change instruc-
tion 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 reception signal obtained by the ultrasonic
transmission and reception 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,

the display displays the ultrasound image produced by
processing based on the updated sound speed, and

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 configured to adjust
dynamic range of an ultrasound image, a gradation
curve processing instruction inputter configured to pro-
cess gradation curve of an ultrasound image, a sharp-
ness adjustment instruction inputter configured to
adjust sharpness of an ultrasound image, and a speckle
noise removal processing instruction inputter config-
ured to instruct removal of speckle noise from an
ultrasound image.

6. 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 according 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 reception 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;
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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 configured to
instruct to change image quality of the ultrasound
image, and a mode change instruction inputter config-
ured to instruct to change an image mode of the
ultrasound image,

wherein 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 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 instruction to change
image quality from the image quality change instruc-
tion 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 reception signal obtained by the ultrasonic
transmission and reception 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,

the display displays the ultrasound image produced by
processing based on the updated sound speed, and

the image mode is any of a fundamental wave mode, a
tissue harmonic mode, and a compound harmonic
mode.

7. 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 instruc-
tion 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;

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,

wherein the instruction on an observation target range is
an instruction of extension or reduction of the obset-
vation depth, and when extension or reduction of the
observation depth is performed, setting of the sound
speed is performed only for a region extended or
reduced.

8. 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 instruc-
tion on an observation target range of an ultrasound
image, an instruction to change image quality of an
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ultrasound image, and an instruction 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,
wherein the instruction to change image quality is an
instruction to change in image quality for each region
set in advance, and when change in image quality for
the region set in advance is instructed, the ultrasonic
transmission and reception for setting the sound speed
in the specified region is performed, and the sound
speed for the region is set using a reception signal
obtained by the ultrasonic transmission and reception
for setting the sound speed.
9. 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 instruc-
tion 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;
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,
wherein change in image quality of the ultrasound image
according to the instruction to change image quality is
performed by either or both of change of an amplifi-
cation factor for amplifying the reception signal and
image processing when producing the ultrasound
image.
10. 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 instruc-
tion 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;
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,
wherein change in image quality of the ultrasound image
according to the instruction to change image quality
is performed by at least one of a gain adjustment to adjust
gain of an ultrasound image, a dynamic range adjustment to
adjust dynamic range of an ultrasound image, a gradation
curve processing to process gradation curve of an ultrasound
image, a sharpness adjustment to adjust sharpness of an
ultrasound image, and a speckle noise removal processing to
remove speckle noise from an ultrasound image.
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11. 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 instruc-
tion 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;

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,

wherein the image mode is any of a fundamental wave
mode, a tissue harmonic mode, and a compound har-
monic mode.
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