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ULTRASOUND DIAGNOSTIC APPARATUS,
ULTRASOUND IMAGE GENERATION
METHOD, AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of pending U.S.
patent application Ser. No. 14/670,186 filed on Mar. 26,
2015, which is a continuation of PCT International Appli-
cation No. PCT/IP2013/075480 filed on Sep. 20, 2013,
which claims priority under 35 U.S.C. § 119(a) to Japanese
Application No. 2012-215250 filed on Sep. 27, 2012. Each
of the above application(s) is hereby expressly incorporated
by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The invention relates to an ultrasound diagnostic
apparatus capable of imaging an inspection object such as an
organ in a living body by transmitting and receiving ultra-
sonic beams so as to generate an ultrasound image used for
examination or diagnosis of the inspection object, an ultra-
sound image generation method, and a recording medium
recording a program; and particularly relates to an ultra-
sound diagnostic apparatus, an ultrasound image generation
method, and a recording medium recording a program
capable of setting an optimum sound velocity searching
range based on a value of a sound velocity calculated
previously, reducing sound velocity calculating time, and
thus improving a frame rate.

[0003] Conventionally, ultrasound examination appara-
tuses such as ultrasound image diagnostic apparatuses using
ultrasound images are put to practical use in the medical
field. Generally, an ultrasound examination apparatus of this
type has an ultrasound probe including therein a plurality of
elements (ultrasound transducers), and an apparatus body
connected with the ultrasound probe. Ultrasonic beams are
transmitted toward an inspection object (subject) from a
plurality of elements of the ultrasound probe, and ultrasonic
echoes from the subject are received by the ultrasound
probe. Then, the received ultrasonic echo signals are elec-
trically processed in the apparatus body so as to generate an
ultrasound image.

[0004] When an ultrasound image is generated in the
ultrasound examination apparatus, ultrasonic beams are
transmitted with a focus on a region to be examined of a
subject, e.g., an organ in a living body, a lesion in the organ,
or the like from the elements of the probe, and ultrasonic
echoes from a reflector body of the region to be examined,
e.g., a surface or an interface of the organ, the lesion, or the
like are received through the plurality of elements. However,
a plurality of elements receive ultrasonic echoes reflected by
the same reflector body, and thus as compared with ultra-
sonic echo signals reflected by the reflector body positioned
at a focus position of ultrasonic beams transmitted from a
transmission element and received by the transmission ele-
ment, ultrasonic echo signals reflected by the same reflector
body and received by elements other than the transmission
element are delayed. Because of this, the ultrasound exami-
nation apparatus analog-to-digital (A/D) converts ultrasonic
echo signals received by a plurality of elements into element
data, and then performs reception focusing processing on
element data. That is, the ultrasound examination apparatus
performs delay correction to match phases and performs
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phasing addition to generate sound ray signals, thus gener-
ating an ultrasound image based on the obtained sound ray
signals.

[0005] In conventional ultrasound diagnostic apparatuses,
the sound velocity of ultrasonic waves in the subject is
assumed to be constant, and reception focusing processing
was performed by fixing a sound velocity of the ultrasonic
waves to a certain value set in advance.

[0006] However, the sound velocity varies depending on
the type of tissues such as fatty layers or muscular layers in
a living body, and therefore the sound velocity of ultrasonic
waves i not uniform in the subject. In addition, the thick-
nesses of fatty layers or muscular layers are different
between an overweight subject and a slim subject. In other
words, the sound velocity of ultrasonic waves varies from
person to person.

[0007] Accordingly, in a conventional ultrasound diagnos-
tic apparatus in which the sound velocity of ultrasonic waves
is fixed, when the actual sound velocity in a subject differs
from a set sound velocity, the arrival time for the ultrasonic
echoes to be reflected inside the subject and reach the
elements does not match with a set delay time.

[0008] As a result, there is a problem in that proper phase
matching is not possible, reception focusing is not properly
performed, and the image quality of the obtained ultrasound
image becomes inferior. In addition, there is also a problem
in that the obtained ultrasound image is distorted with
respect to the actual subject.

[0009] With respect to such problems, in the ultrasound
diagnostic apparatus, the sound velocity in the subject is
determined (calculated), and reception focusing processing
is performed using this sound velocity.

[0010] For example, JP 2011-92686 A describes an ultra-
sound diagnostic apparatus which transmits and receives
ultrasonic waves after setting a region-of-interest where a
diagnosis region (in an ultrasound image) is divided, calcu-
lates a focus index for each of a plurality of sound velocities
(set sound velocities) set in advance in each region-of-
interest by performing reception focusing processing with
respect to obtained element data using a plurality of sound
velocities (set sound velocities) set as appropriate, and uses
the calculated focus indexes to determine the sound velocity
in the region-of-interest.

[0011] Examples of the focus indexes include contrast
value, brightness, and the like. For example, a set sound
velocity where the brightness set as the focus index was the
highest may be determined as the sound velocity in the
region-of-interest.

[0012] JP 2011-92686 A describes that the delay time
correction, the phasing addition, and reception focusing
processing is performed based on the sound velocity deter-
mined using focus indexes, and then envelope detection
processing is performed after correction for attenuation so as
to form a brightness image (B mode image).

SUMMARY OF THE INVENTION

[0013] In the above JP 2011-92686 A, sound velocity
values are searched comprehensively to determine a sound
velocity in the region-of-interest. Accordingly, the determi-
nation of a sound velocity value in the region-of-interest
requires time. The frame rate is also reduced because the
determination of a sound velocity value requires time.

[0014] An object of the invention is to solve the problems
of the conventional art described above and to provide an
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ultrasound diagnostic apparatus, an ultrasound image gen-
eration method, and a recording medium recording a pro-
gram capable of reducing sound velocity value calculating
time.

[0015] In order to attain the above-described object, a first
aspect of the invention provides an ultrasound diagnostic
apparatus acquiring an ultrasound image for examining an
inspection object using an ultrasonic beam, the ultrasound
diagnostic apparatus including: a sound velocity determiner
configured to determine a sound velocity in the inspection
object; and a sound velocity searching range setting section
configured to set a range in which a sound velocity is
searched by the sound velocity determiner; in which the
sound velocity searching range setting section sets a sound
velocity searching range using a sound velocity calculated in
a predetermined range with respect to at least one of space
and time.

[0016] For example, a sound velocity used for setting the
sound velocity searching range is a sound velocity of a
region adjacent to a region for which a sound velocity is
determined by the sound velocity determiner in an ultra-
sound image.

[0017] For example, a sound velocity used for setting the
sound velocity searching range is, upon the ultrasound
image being divided into a plurality of regions so as to
include a region for which a sound velocity is determined by
the sound velocity determiner, a sound velocity of a region
different from the region for which a sound velocity is
determined by the sound velocity determiner among the
plurality of regions.

[0018] For example, the ultrasound diagnostic apparatus
further includes a storage configured to store an ultrasound
image having stored sound velocities of regions, for every
one frame and for one or more predetermined previous
frames, in which a sound velocity used for setting the sound
velocity searching range is any one of a sound velocity of a
region for which a sound velocity is determined by the sound
velocity determiner, and a sound velocity of a region cor-
responding to an ultrasound image of at least one predeter-
mined previous frame stored in the storage, and a sound
velocity of a region corresponding to a sound velocity of
each region of at least one ultrasound image obtained by
performing predetermined processing on sound velocities of
each region of an ultrasound image of one or more prede-
termined previous frames stored in the storage. The prede-
termined processing is, for example, calculation of any one
of an average value and a median of sound velocities of each
region of an ultrasound image of one or more predetermined
pervious frames stored in the storage.

[0019] A second aspect of the invention provides an
ultrasound image generation method for acquiring an ultra-
sound image for examining an inspection object using an
ultrasonic beam, the ultrasound image generation method
including the steps of: determining a sound velocity with
respect to at least one region in the inspection object; and
setting, upon determination of a sound velocity of another
region, a sound velocity searching range using a sound
velocity calculated in a predetermined range with respect to
at least one of space and time.

[0020] A third aspect of the invention provides a com-
puter-readable recording medium recording a program caus-
ing a computer to execute the steps of the ultrasound image
generation method according to the second aspect of the
invention.
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[0021] According to the ultrasound diagnostic apparatus
and the ultrasound diagnostic method of the invention, it is
possible to reduce sound velocity value calculating time and
thus improve a frame rate by setting an optimum sound
velocity searching range based on a sound velocity value
obtained previously.

BRIEF DESCRIPTION OF THE DRAWING

[0022] FIG. 1is a block diagram conceptually illustrating
an example of a configuration of an ultrasound diagnostic
apparatus of the invention.

[0023] FIG. 2 is a block diagram conceptually illustrating
an example of a configuration of a data analyzer of the
ultrasound diagnostic apparatus illustrated in FIG. 1.
[0024] FIG. 3A is a schematic view for illustrating an
example of resetting of a sound velocity searching range.
FIG. 3B is a schematic view for illustrating another example
of resetting of a sound velocity searching range.

[0025] FIG. 4 is a flow chart for illustrating a sound
velocity determining method of the data analyzer of the
ultrasound diagnostic apparatus illustrated in FIG. 1.
[0026] FIG. 5 is a flow chart for illustrating a sound
velocity determining method of the ultrasound diagnostic
apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] An ultrasound diagnostic apparatus, an ultrasound
image generation method, and a recording medium record-
ing a program of the invention are described in detail below
with reference to a preferred embodiment illustrated in the
accompanying drawings.

[0028] FIG. 1 is a block diagram conceptually illustrating
an example of a configuration of an ultrasound diagnostic
apparatus of the invention.

[0029] As illustrated in FIG. 1, an ultrasound diagnostic
apparatus 10 has an ultrasound probe 12, a transmission
section 14 and a receiving section 16 connected with the
ultrasound probe 12, an analog-to-digital (A/D) converter
18, an element data storage 20, a data analyzer 23, an image
generator 24, a display controller 26, a monitor 28, a
controller 30, an operating section 32, and a storage 34.
[0030] In the example of FIG. 1, the transmission section
14, the receiving section 16, the A/D converter 18, the
element data storage 20, the data analyzer 23, the image
generator 24, the display controller 26, the monitor 28, the
controller 30, the operating section 32, and the storage 34
configure the main apparatus body of the ultrasound diag-
nostic apparatus 10.

[0031] The ultrasound probe 12 (hereinafter called the
probe 12) includes a transducer array 36 used in a normal
ultrasound examination apparatus.

[0032] The transducer array 36 includes a plurality of
elements, that is, ultrasound transducers arranged in a one-
dimensional or two-dimensional array form. When taking an
ultrasound image of an inspection object (hereinafter called
a subject), these ultrasound transducers each transmit ultra-
sonic beams to the subject in accordance with a driving
signal which is supplied from the transmission section 14,
receive ultrasonic echoes from the subject, and output a
reception signal. In the example, each of a predetermined
number of ultrasound transducers forming a set thereof
among a plurality of ultrasound transducers of the transducer
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array 36 generates each component of a single ultrasonic
beam, and a set of the predetermined number of ultrasound
transducers generates a single ultrasonic beam transmitted to
the subject.

[0033] Each of the ultrasound transducers comprises an
oscillator composed of a piezoelectric body and electrodes
each provided on either end of the piezoelectric body. The
piezoelectric body is composed of, for example, a piezo-
electric ceramic represented by a lead zirconate titanate
(PZT), a piezoelectric polymer represented by polyvi-
nylidene fluoride (PVDF), or a piezoelectric monocrystal
represented by lead magnesium niobate-lead titanate solid
solution (PMN-PT).

[0034] When a pulsed or continuous-wave voltage is
applied across the electrodes of the oscillator, the piezoelec-
tric body expands and contracts in response to the applied
voltage and pulsed or continuous wave ultrasonic waves are
generated from each oscillator. In addition, the ultrasonic
waves generated from each of the oscillators converge to be
combined (that is, transmission focusing is performed on the
ultrasonic waves) at set regions as focus according to a
driving delay of each of the oscillators, thereby forming an
ultrasonic beam.

[0035] In addition, the oscillators expand and contract due
to ultrasonic echoes reflected from the subject being incident
thereto and electric signals are generated according to the
size of the expansion and contraction. The electric signals
are output to the receiving section 16 as the reception signal.
[0036] The transmission section 14 has, for example, a
plurality of pulsers and supplies a driving signal, that is,
applies a driving voltage to each of the ultrasound transduc-
ers (oscillators) of the probe 12, for example.

[0037] Forexample, a delay amount of each driving signal
is, in accordance with a sound velocity or the distribution of
sound velocities set based on the transmission delay pattern
selected according to a control signal from the controller 30,
adjusted such that the ultrasonic beam component transmit-
ted from a set of predetermined number of ultrasound
transducers (hereinafter called ultrasound elements) of the
transducer array 36. The adjusted driving signals are pro-
vided to a set of a plurality of ultrasound elements.

[0038] Furthermore, transmission focusing which adjusts
a delay amount of the driving signal or an application timing
of a driving voltage is performed so as to form an ultrasonic
beam with an object of converging ultrasonic waves trans-
mitted by a plurality of ultrasound transducers at set focus,
and the driving signal is supplied to the ultrasound trans-
ducers. Here, the transmission delay pattern may be cor-
rected according to an ambient sound velocity to be
described below. Due to this, the desired ultrasonic beam is
transmitted from the probe 12 (the transducer array 36) to
the subject.

[0039] In accordance with the control signal from the
controller 30, the receiving section 16 receives, from the
subject, ultrasonic echoes generated by ultrasound elements
of the transducer array 36 due to mutual action between
ultrasonic beams and the subject, amplifies the reception
signal, that is, an analog element signal for each ultrasound
element, and outputs the amplified analog element signal to
supply it to the A/D converter 18.

[0040] Here, the method of transmitting and receiving the
ultrasonic waves in the ultrasound diagnostic apparatus 10
of the invention is basically the same as for a known
ultrasound diagnostic apparatus.
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[0041] Therefore, in a single transmission and reception of
ultrasonic waves, that is, in transmission of a single ultra-
sonic beam and reception of ultrasonic echoes correspond-
ing to this transmission, neither the number of ultrasound
transducers which generate the ultrasonic waves, that is, the
number of transmission openings nor the number of ultra-
sound transducers which receive the ultrasonic waves
(where the receiving section 16 receives the reception sig-
nal), that is, the number of reception openings is limited as
long as there is more than one of each. In addition, in a single
transmission and reception, the number of openings may be
the same or different in the transmission and the reception.

[0042] In addition, with ultrasonic beams adjacent in at
least the azimuth direction (the arrangement direction of the
ultrasound transducers), when transmission regions are
overlapped, neither the number of times (number of sound
rays) of the transmission and reception of the ultrasonic
waves for forming one ultrasound image nor the intervals
(that is, the density of the scanning lines) of the ultrasound
transducers (center elements) in the center for the transmis-
sion and reception is limited. Accordingly, the transmission
and reception of the ultrasonic waves may be performed
with all of the ultrasound transducers corresponding to the
region scanned with ultrasonic waves as the center elements,
or the transmission and reception of the ultrasonic waves
may be performed with ultrasound transducers at predeter-
mined intervals, such as every two transducers or every four
transducers, as the center elements.

[0043] The A/D converter 18 is connected with the receiv-
ing section 16 and analog/digital converts the analog recep-
tion signal which is supplied from the receiving section 16
into element data which is a digital reception signal.

[0044] The A/D converter 18 supplies A/D converted
element data to the element data storage 20.

[0045] The element data storage 20 sequentially stores
element data supplied from the A/D converter 18. In addi-
tion, the element data storage 20 stores information (for
example, the depth of the reflection position of the ultrasonic
waves, the density of the scanning lines, or a parameter
indicating a visual field width) relating to the frame rate
input from the controller 30 and position information such as
coordinate positions of element data in the ultrasound image
in association with each of element data.

[0046] Preferably, the element data storage 20 stores all of
the element data corresponding to at least one ultrasound
image (an ultrasound image of one frame) and does not erase
element data of the ultrasound image before display or
during display at least until the display of the ultrasound
image is finished.

[0047] The data analyzer 23 is a section determining a
sound velocity of ultrasonic waves of a region-of-interest in
a subject using A/D converted element data in the A/D
converter 18 or the element data storage 20. The determined
sound velocity is supplied to the element data storage 20 and
stored in the element data storage 20 in association with each
of regions or each of position coordinates of the ultrasound
image for each ultrasound image of one frame and for a
predetermined number of frames which is at least one. Thus,
when a sound velocity of a region-of-interest in a subject is
determined, it is possible to use sound velocities of certain
regions in the subject which are calculated previously.

[0048] The sound velocity of ultrasonic waves in the data
analyzer 23 and a subject is to be described below in detail.
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[0049] The image generator 24 generates reception data
(sound ray signal) from element data supplied from the A/D
converter 18 or the element data storage 20 under the control
of the controller 30 and generates an ultrasound image from
this reception data.

[0050] The image generator 24 has a phasing addition
section 38, a detection processor 40, a DSC 42, an image
processor 44, and an image memory 46.

[0051] The phasing addition section 38 performs reception
focusing processing by carrying out matching addition on
element data supplied from the A/D converter 18 or the
element data storage 20, and generates reception data.
[0052] The distance to one reflection point in the subject
is different for the respective ultrasound transducers. There-
fore, even with ultrasonic echoes reflected at the same
reflection point, the time for the ultrasonic echoes to arrive
at each of the ultrasound transducers is different. According
to a reception delay pattern selected by the controller 30, the
phasing addition section 38 delays each of the reception data
by an amount corresponding to the difference (the delay
time) in the arrival time of the ultrasonic echoes for each of
the ultrasound transducers, and carries out matching addi-
tion on the reception data to which the delay time is added,
thereby digitally performing reception focusing processing
and generating reception data.

[0053] The phasing addition section 38 supplies the gen-
erated reception data to the detection processor 40.

[0054] Here, in a case where the sound velocity of the
ultrasonic waves in the subject is determined by the data
analyzer 23 and supplied to the phasing addition section 38,
the phasing addition section 38 performs reception focusing
processing by correcting the delay time, the reception delay
pattern, or the like using the sound velocity.

[0055] Here, in a case where the ambient sound velocity is
not determined, the phasing addition section 38 performs
reception focusing processing with a known method in
which a reception delay pattern is used.

[0056] After carrying out correction of the attenuation due
to the distance according to the depth of the reflection
position of the ultrasonic waves with respect to the reception
data generated by the phasing addition section 38, the
detection processor 40 generates B mode image data which
1s tomographic image information (brightness image data) in
the subject by carrying out an envelope detection process-
ing.

[0057] The digital scan converter (DSC) 42 converts (ras-
ter conversion) the B mode image data generated by the
detection processor 40 into image data corresponding to a
normal television signal scanning system.

[0058] The image processor 44 carries out various neces-
sary image processing such as gradation processing on the B
mode image data input from the DSC 42 to create B mode
image data for display. The image processor 44 performs at
least one of output of the image processed B mode image
data to the display controller 26 for display and storage of
the image processed B mode image data in the image
memory 46.

[0059] The image memory 46 is a known storage unit (a
storage medium) which stores the B mode image data
processed by the image processor 44. The B mode image
data stored in the image memory 46 is read out to the display
controller 26 for display on the monitor 28 as necessary.
[0060] The display controller 26 uses the B mode image
data on which predetermined image processing is carried out
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by the image processor 44 to display a moving ultrasound
image or a still ultrasound image on the monitor 28. The
monitor 28, for example, includes a display apparatus such
as a liquid crystal display (LCD) and displays a moving
ultrasound image or a still ultrasound image under the
control of the display controller 26.

[0061] The controller 30 controls each section of the
ultrasound diagnostic apparatus 10 on the basis of instruc-
tions input from the operating section 32 by an operator.

[0062] Inaddition, the controller 30 supplies various types
of information input by an operator using the operating
section 32 to necessary units. For example, the controller 30
supplies information necessary for calculating the delay time
used in the phasing addition section 38 of the image gen-
erator 24 to each section such as the transmission section 14,
the receiving section 16, the element data storage 20, the
image generator 24, and the display controller 26 as neces-
sary.

[0063] The operating section 32 is for the operator to
perform an input operation and can be formed of a keyboard,
a mouse, a trackball, a touch panel, or the like.

[0064] In addition, the operating section 32 is provided
with an input function for the operator to input various types
of information as necessary. For example, the operating
section 32 is provided with an input function for inputting
information of the probe 12 (the ultrasound transducer);
information relating to the generation of element data such
as the transmission opening and the reception opening in the
probe 12 (the transducer array), the number of element data
to be superimposed, or the generation method; the focus
position of the ultrasonic beam; and the like.

[0065] The above are input, for example, by selecting the
photograph site (the examination site), selecting the image
quality, selecting the depth of the ultrasound image to be
photographed, or the like.

[0066] The operating section 32 is provided with a freeze
button. When the freeze button is pressed during display of
a B mode image, the B mode image displayed at the time of
pressing the freeze button is displayed as a still image on the
monitor 28. This enables the operator to observe the B mode
image in detail through the still image.

[0067] The storage 34 stores information relating to an
operation program for the controller 30 to execute control of
each section of the ultrasound diagnostic apparatus 10, the
transmission delay pattern and the reception delay pattern,
and the generation of element data; information on the probe
12 input from the operating section 32; information on the
transmission opening, the reception opening, and the focus
position; information necessary for the controller 30 to
operate and control the ultrasound diagnostic apparatus; and
the like.

[0068] In the storage 34, it is possible to use a known
recording medium such as a hard disk, a flexible disk, an
magneto-optical disk (MO), a magnetic tape (MT), a random
access memory (RAM), a compact disk read only memory
(CD-ROM), or a digital versatile disk read only memory
(DVD-ROM).

[0069] Here, in the ultrasound diagnostic apparatus 10, the
data analyzer 23, the phasing addition section 38, the
detection processor 40, the DSC 42, the image processor 44,
the display controller 26, and the like are configured by a
central processing unit (CPU) and an operation program
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causing the CPU to execute various processing. However, in
the invention, these units may be configured by a digital
circuit.

[0070] On the other hand, the data analyzer 23 determines
the sound velocity of the ultrasonic waves in the subject
using element data supplied from the A/D converter 18 or
the element data storage 20.

[0071] FIG. 2 is a block diagram conceptually illustrating
the configuration of the data analyzer 23.

[0072] As illustrated in FIG. 2, the data analyzer 23
includes a region-of-interest setting section 70, a transmis-
sion focus controller 72, a sound velocity searching range
setting section 74, a focus index calculator 76, and a sound
velocity determiner 78.

[0073] The region-of-interest setting section 70 sets the
region-of-interest in the B mode image (in the ultrasound
image) according to instructions from the controller 30.
[0074] In the data analyzer 23, the sound velocity of the
subject is determined for every region-of-interest. The
region-of-interest corresponds to calculation coordinates for
which a sound velocity of ultrasonic waves is to be calcu-
lated in the ultrasound image.

[0075] In this example, the region-of-interest setting sec-
tion 70 divides the whole display of the B mode image into
a grid pattern and set each of the resulting segments as a
region-of-interest.

[0076] The number of the segments resulting from the
division (the number of grids) may be set in advance as a
default value, or may be set to any value in at least one of
the azimuth direction and depth direction by the operator. In
the case where the number of the segments is set by default,
a set value may vary depending on the image size and the
site to be observed. Furthermore, it may be possible for the
operator to select from a plurality of divisions set in
advance.

[0077] Here, in the invention, the region-of-interest is not
limited to each region of the grid into which the B mode
image is divided.

[0078] For example, all of the pixels (the positions (re-
gions) corresponding to all of the pixels) generated by the
reception data (B mode image data) may be set as regions-
of-interest. In other words, in a state where the screen is
divided as described above, the screen may be divided into
a grid corresponding to all of the pixels generated by the
reception data.

[0079] Alternatively, instead of the entire screen, a part of
the screen which is set in advance or selected from a
plurality of choices may be divided into a grid and parts
thereof individually set as regions-of-interest. Still alterna-
tively, regions-of-interest may be set not for the whole
display but for the region ROI set by the operator. Even
when regions-of-interest are set for a part of the display or
the region RO], the division may be carried out in the same
manner as that for the whole display. The operator may
choose whether to set regions-of-interest for the whole
display or the region ROIL.

[0080] In addition, the form of the division is not limited
to a grid, for example, in the case of a B mode image with
a fan shape such as an ultrasound image according to a
convex probe, the form of the division may also be set to a
matching fan shape. In such a case, it is also possible to use
each aspect described above.

[0081] Here, in the case where the image is greatly
changed such as when the change value in the image feature
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amount exceeds a threshold, a case where the observation
conditions such as observation magnification or observation
depth are modified, or the like, a region-of-interest may be
changed or updated. Alternatively, it may be possible for the
operator to give an instruction for the changing or updating
of the region-of-interest.

[0082] The region-of-interest setting section 70 also sets a
focus (the position of the focus) in order to transmit (trans-
mission focusing) the ultrasonic waves corresponding to the
determination of the sound velocity with respect to a set
region-of-interest.

[0083] The focus may be set in advance by default accord-
ing to the site to be observed, the number of sound rays, the
number of transmission and reception openings, the type of
the probe 12, or the like. Alternatively, the operator may
select a focus or instructs it through input. Still alternatively,
it may be possible to allow selection between default setting
or operator instructions.

[0084] The transmission focus controller 72 sends a trans-
mission focusing instruction to the controller 30 for the
transmission section 14 to perform the transmission focusing
according to the region-of-interest and the focus set by the
region-of-interest setting section 70.

[0085] The sound velocity searching range setting section
74 specifies a set sound velocity in order to perform recep-
tion focusing with respect to the reception data in the
determining of the ambient sound velocity under the control
of the controller 30, and the sound velocity searching range
of a predetermined range is set. In the sound velocity
searching range setting section 74, a starting sound velocity
Vst and a finishing sound velocity Vend of a set sound
velocity V (sound velocity searching range) are set.

[0086] In the example, regarding the set sound velocity,
the method of setting a sound velocity searching range is
different for a sound velocity value calculated first and a
sound velocity value calculated secondly or later.

[0087] Regarding the sound velocity searching range for a
sound velocity value calculated first, the set sound velocity
including the starting sound velocity Vst and the finishing
sound velocity Vend may be set in advance by default.
Alternatively, only the starting sound velocity Vst and the
finishing sound velocity Vend may be input by the operator
as desired, while only the interval width therebetween
(predetermined step sound velocity amount AV) may be set
by default. Still alternatively, the operator may input the
starting sound velocity Vst, the finishing sound velocity
Vend and the interval width as desired. When the set sound
velocities and the interval width are set as default values,
various set sound velocities may be set depending on the site
to be observed, the sex or the like so that the operator can
select an appropriate value.

[0088] Regarding the sound velocity value calculated first,
the starting sound velocity Vst is set to 1400 m/s and the
finishing sound velocity Vend is set to 1700 mv/s, and based
on the starting sound velocity Vst and the finishing sound
velocity Vend, the set sound velocity is set at intervals of 40
m/sec which is the value of a predetermined interval width,
for instance.

[0089] On the other hand, regarding the sound velocity
value calculated secondly or later, the sound velocity search-
ing range is set by the sound velocity searching range setting
section 74 using a sound velocity obtained in a predeter-
mined range with respect to at least one of space and time.
A specific description will be given below.
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[0090] FIG. 3A is a schematic view for illustrating an
example of resetting of a sound velocity searching range.
FIG. 3B is a schematic view for illustrating another example
of resetting of a sound velocity searching range.

[0091] For simplification, FIG. 3A illustrates the trans-
ducer array 36 including five ultrasound transducers
arranged, and sound rays L1 to L5 are formed at the
arrangement pitch of these ultrasound transducers. In this
case, the sound velocity of a region 80 is obtained first, and
then the sound velocity of a region 82 in the x direction
(depth direction) of the sound ray L1 is obtained. Thereafter,
proceeding to the sound ray L2 in the y direction, the sound
velocities are obtained sequentially along the x direction.
[0092] When the sound velocity of the first region 80 in
FIG. 3A is obtained, the sound velocity is obtained by a
conventional method.

[0093] Regarding the region 82 deviating in the x direc-
tion, the sound velocity searching range is set in the sound
velocity searching range setting section using the sound
velocity of the region 80. The sound velocity searching
range for the region 82 is set to a range of +50 m/s relative
to the sound velocity of the region 80, for example. When
the sound velocity of the region 80 is 1500 m/s, for example,
the sound velocity searching range of the region 82 is
1500£50 m/s.

[0094] When the sound velocity of a region 84 of the
sound ray L3 is obtained, the sound velocity searching range
can be set using the sound velocity of a region 84a, the
sound velocity of a region 845, the sound velocity of a
region 84¢, and the sound velocity of a region 84d, for
example. The regions 84a to 844 are adjacent to the region
84 in a predetermined range. In this case, the used sound
velocities are weighed depending on the distance between
the region 84 for which the velocity is to be calculated and
each of the regions 84a to 844, so as to set the sound velocity
searching range.

[0095] The adjacent regions are not limited to regions in a
sound ray adjacent by one line, and the sound velocity
searching range of the region 84 can be set using the sound
velocity of the region 82 of the sound ray L1.

[0096] In each of the sound rays L1 to L5 in FIG. 3A, the
sound velocity values are sequentially calculated in the x
direction from the transducer array 36. In this case, in each
of the sound rays L1 to L5, it is preferable to use the sound
velocity value already calculated for the regions on the side
of the transducer array 36.

[0097] Moreover, when a region R is set for an ultrasound
image, and the sound velocity for regions other than a region
86 in the region R is required, the sound velocity searching
range can be set using the sound velocities of regions in the
region R. In addition, when the sound velocity of the region
86 in the region R is obtained, the sound velocity of the
region 80 or the like can be used to set the sound velocity
searching range.

[0098] When an ultrasound image is divided to a plurality
of regions so as to include a region for which the sound
velocity is to be determined, the sound velocity searching
range can be set using the sound velocities of regions
different from the region for which the sound velocity is to
be determined among the plurality of regions.

[0099] In this manner, it is possible to set the sound
velocity searching range using the sound velocities of pixels
adjacent spatially. In addition, it is possible to set the sound
velocity searching range using the sound velocities of
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regions adjacent temporally. The regions adjacent tempo-
rally indicates regions of previous frames for which the
sound velocities are already calculated.

[0100] When the sound velocity is obtained for a region
90a of an ultrasound image 90 illustrated in FIG. 3B, the
sound velocity searching range can be set using the sound
velocity of a region 92a corresponding to the region 90a in
an ultrasound image 92 of the previous frame. The previous
frame may be a frame previous by at least one frame, and
how previous the frame of an ultrasound image to be used
is not particularly limited. The sound velocity searching
range for the region 90a can be set using the sound velocity
of a region 94a corresponding to the region 90a in an
ultrasound image 94 of a frame prior to a frame of the
ultrasound image 92.

[0101] Forexample, in moving tissue, the frame to be used
is a frame previous by several frames. When tissue does not
change, the frame to be used can be a frame further prior to
the frame used for the moving tissue.

[0102] When the sound velocity of the previous frame is
used, it is possible to further combine the above region
adjacent spatially. That is, the sound velocity searching
range can be set using the sound velocities of adjacent
regions in the previous frame.

[0103] Moreover, when, regarding the region 90a of the
ultrasound image 90 illustrated in FIG. 3B, the sound
velocity searching range is set using the sound velocity of a
region in an ultrasound image of a previous frame, it is also
possible to use the sound velocity of a region corresponding
to the sound velocity of at least one region obtained by
performing predetermined processing on sound velocities of
regions of an ultrasound image of at least one predetermined
previous frames. The predetermined processing is calcula-
tion of an average value of sound velocities of regions of an
ultrasound image of one or more predetermined previous
frames, or calculation of a median of sound velocities of the
regions.

[0104] 1In this manner, the average value of sound veloci-
ties or the median of the sound velocities in a plurality of
frames can be used to set the sound velocity searching range.
For example, the average value of the sound velocity of the
region 92a corresponding to the region 90q in the ultrasound
image 92 of the frame and the sound velocity of the region
94a corresponding to the region 90a in the ultrasound image
94 of the frame can be used to set the sound velocity
searching range for the region 90a of the ultrasound image
90.

[0105] In addition to the above, when the operator sets a
region-of-interest (ROI), for example, the sound velocity
searching range is preferably determined using a previous
frame while emphasizing the time direction of ultrasound
images. The setting of the region-of-interest can be detected
by stopping of the ultrasound probe 12 and pressing of the
freeze button, for example.

[0106] In the case of a moving subject, the sound velocity
searching range is set based not on a frame adjacent tem-
porally but on a frame adjacent spatially. In this case, the
operator may determine which is to be used for setting by
instructions through input. Furthermore, the ultrasound
diagnostic apparatus 10 may determine which is used for
setting by analyzing image features of the frames for which
the velocities are already calculated.

[0107] Forexample, in the case of a still subject, the sound
velocity searching range may be set to be narrow, while in
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the case of a moving subject, the sound velocity searching
range may be set to be wide. When the sound velocity cannot
be determined in a set sound velocity searching range, the
sound velocity searching range may be expanded.

[0108] The focus index calculator 76 calculates the focus
index of the reception data by performing reception focusing
with respect to the reception data for each of a plurality of
set sound velocities specified by the sound velocity search-
ing range setting section 74 using element data of the A/D
converter 18 or element data of the element data storage 20.
[0109] The sound velocity determiner 78 determines the
ambient sound velocity of the region-of-interest based on the
focus index for each of a plurality of set sound velocities.

[0110] The following will describe the method of deter-
mining a sound velocity of ultrasonic waves in a subject by
the data analyzer 23. FIG. 4 is a flow chart for illustrating a
sound velocity determining method of the data analyzer.
Here, in the invention, the sound velocity determining
method of the data analyzer 23 is not limited to this method
and it is possible to use various sound velocity determining
methods (methods of calculating the sound velocity) per-
formed in the ultrasound diagnostic apparatus.

[0111] In the sound velocity determining method in the
data analyzer 23, the region-of-interest setting section 70
sets a region-of-interest and focusing points according to
instructions by the controller 30 (Step S10).

[0112] When element data is supplied, the data analyzer
23 stores element data in a predetermined site according to
necessity. Also, the sound velocity searching range is set in
the sound velocity searching range setting section 74, and
the starting sound velocity Vst and the finishing sound
velocity Vend of the set sound velocity V are set (Step S12).
Furthermore, the starting sound velocity Vst is set to the set
sound velocity V (Step S14).

[0113] Next, the focus index calculator 76 calculates the
focus index of the reception data by performing reception
focusing with respect to element data for each of a plurality
of set sound velocities specified by the sound velocity
searching range setting section 74 corresponding to each of
the regions-of-interest (Step S16).

[0114] Specifically, for the reception data (the ultrasound
image data) in the region-of-interest, the focus index calcu-
lator 76 calculates an integration value, a square integration
value, a peak value, a degree of sharpness, a contrast value,
a brightness value, a half width, a frequency-spectral inte-
gration value, a maximum value, a frequency-spectral inte-
gration value or squared integration value normalized with
a direct current component, an autocorrelation value, or the
like as the focus index.

[0115] Next, the sound velocity searching range setting
section 74 determines whether the set sound velocity V has
reached the finishing sound velocity Vend (Step S18). As a
result of the determination, when the set sound velocity V is
smaller than the finishing sound velocity Vend (No), the
sound velocity searching range setting section 74 adds the
predetermined step sound velocity amount AV, e.g., 40 m/s
to the set sound velocity V (Step S20) and calculates the
focus index of the region-of-interest (Step S16).

[0116] This routine is repeated and when it is determined
that the set sound velocity V has reached the finishing sound
velocity Vend (Yes), the sound velocity of the region-of-
interest is determined in the sound velocity determiner 78
based on the focus index for each of the plurality of set
sound velocities by setting the set sound velocity with the
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highest focus index as the sound velocity of the region-of-
interest, or the like (Step S22). For example, by setting the
brightness of the ultrasound image as the focus index, the
sound velocity obtained by the ultrasound image with the
highest brightness in the region-of-interest is set as the
sound velocity of the region-of-interest.

[0117] That is, the sound velocity of the region-of-interest
in the example is the average sound velocity of a region
between the ultrasound probe 12 and the region-of-interest
when the sound velocity from the probe 12 (the transducer
array 36 (ultrasound transducers)) up to a certain region-of-
interest is assumed to be constant.

[0118] Thesound velocity obtained in the data analyzer 23
is supplied to the phasing addition section 38 and used to
generate an ultrasound image. In this case, the obtained
sound velocity value is an appropriate value. Accordingly, a
favorable ultrasound image can be obtained.

[0119] The ultrasound diagnostic apparatus 10 can also
display an ultrasound image using element data stored in the
element data storage 20. In this case, the controller 30
switches the operation mode of the ultrasound diagnostic
apparatus 10 to the element data storage 20 reproduction
mode (hereinafter simply called reproduction mode) by
instructions through input from the operating section 32.
[0120] In the reproduction mode, the controller 30 reads
out element data from the element data storage 20 and
supplies the element data to the phasing addition section 38
of the image generator 24. The subsequent operation is the
same as the case of the B mode image. Thus, the detailed
explanation thereofis omitted. In this manner, the ultrasound
image (moving image or still image) based on element data
stored in the element data storage 20 is displayed on the
monitor 28.

[0121] The ultrasound diagnostic apparatus 10 is consti-
tuted basically as described above.

[0122] Below, with reference to the flow chart illustrated
in FIG. 5, detailed description will be given of the method
of determining the sound velocity in the ultrasound diag-
nostic apparatus 10.

[0123] FIG. 5 is a flow chart for illustrating a sound
velocity determining method of the ultrasound diagnostic
apparatus.

[0124] The program of the invention executes the follow-
ing sound velocity determining method in a computer
belonging to the ultrasound diagnostic apparatus 10.
[0125] Here, in the invention, the timing at which the
sound velocity is determined (the update timing of the sound
velocity) is not particularly limited and may be the same as
for a known ultrasound diagnostic apparatus. For example,
the sound velocity may be determined only once in accor-
dance with instructions for start of measurement, or may be
determined when the image greatly varies (when the change
value in the image feature amount exceeds a threshold, or
the like). Alternatively, the sound velocity may be deter-
mined in units of a predetermined number of frames deter-
mined appropriately or every time predetermined time has
passed. Still, alternatively, the sound velocity may be deter-
mined according to instructions through input by the opera-
tor. In addition, two or more timings at which the sound
velocity is determined may be selected appropriately.
[0126] Inthe ultrasound diagnostic apparatus 10, when the
sound velocity is determined, the range in which the sound
velocity is determined in the ultrasound image, and the
position at which the sound velocity is calculated (region-
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of-interest) in the determined range, that is, the calculation
coordinates are set. Then, the region-of-interest and the
focus are set in the region-of-interest setting section 70
according to instructions from the controller 30.

[0127] As illustrated in FIG. 5, the sound velocity search-
ing range of the calculation coordinates for which the sound
velocity is to be calculated first (hereinafter called initial
coordinates) is set (Step S30). Here, the sound velocity
searching range is set to 1400 to 1700 m/s, and the interval
is set to 40 m/s, for example. Next, initial coordinates and
final coordinates in the determined range are set (Step S32).
[0128] Next, the sound velocity of the initial coordinates
is calculated using the method illustrated in the above FIG.
3 (Step S34). In this case, according to the setting of the
region-of-interest, the transmission focus controller 72 sends
transmission focusing instructions to the controller 30 so
that the transmission section 14 executes the transmission
focusing with respect to the set region-of-interest and focus.
[0129] Accordingly, the transmission section 14 transmits
the ultrasonic beam to the subject by driving the probe 12
(the corresponding ultrasound transducers (elements) in the
transducer array 36), the ultrasonic echoes reflected by the
subject are received by the elements, and an analog recep-
tion signal is output to the receiving section 16 from the
ultrasound transducers (elements).

[0130] The receiving section 16 carries out a predeter-
mined processing such as amplification on the analog recep-
tion signal and supplies the result to the A/D converter 18.
The A/D converter 18 A/D converts the analog reception
signal supplied from the receiving section 16 and sets the
signal as element data which is a digital reception signal.
Element data is stored in the element data storage 20. The
data analyzer 23 determines the sound velocity of the
ultrasonic waves in the subject using element data supplied
from the A/D converter 18 or the element data storage 20.
Here, in the flowchart of FIG. 4, the smallest value and the
maximum value in the sound velocity searching range are
set in Step S12. Subsequently, the sound velocity of the
initial coordinates is determined in Step S14 to Step S22
where the sound velocity is determined as described above
in detail.

[0131] Next, as illustrated in FIG. 5, whether the calcula-
tion coordinates are final coordinates is determined (Step
S36). Unless it is determined in Step 36 that the calculation
coordinates are final coordinates, the calculation coordinates
are updated (Step S38). Then, the sound velocity searching
range is reset with respect to the updated calculation coor-
dinates (Step S40).

[0132] As the method of resetting the sound velocity
searching range, the sound velocity of the initial calculation
coordinates is used for the second calculation coordinates.
For example, when the initial sound velocity value is 1500
m/s, the sound velocity searching range of the second
calculation coordinates is set to 1500+50 m/s.

[0133] For the third or later calculation coordinates, the
sound velocity searching range can be reset using the above
method. When the sound velocity of the ultrasound image of
at least one frame is already calculated, the sound velocity
of a previous frame can be used, as described above.
[0134] After resetting the sound velocity searching range,
the sound velocity of the updated calculation coordinates is
determined (Step S34).

[0135] Next, whether the calculation coordinates are final
coordinates is determined (Step S36). Unless it is deter-
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mined that the calculation coordinates are final coordinates,
the calculation coordinates are updated (Step S38), the
sound velocity searching range is reset (Step S40), and the
sound velocity of the updated calculation coordinates is
determined (Step S34). This sequence of processes is
repeated until the calculation coordinates are determined to
be final coordinates in the calculation range of the sound
velocity of the ultrasound image, and the sound velocities of
all calculation coordinates are calculated. The calculated
velocity is stored in the element data storage 20 in associa-
tion with each region of the ultrasound image for each
ultrasound image of one frame and for a predetermined
number of frames. The calculated velocities are used to
generate an ultrasound image. They are appropriate values,
and thus a favorable ultrasound image can be obtained.
[0136] In the example, regarding the second or later cal-
culation coordinates, the optimum sound velocity searching
range can be set by resetting the sound velocity searching
range based on the velocity calculated previously, and the
sound velocity searching range can be reduced as compared
with the case where the sound velocity searching range is set
comprehensively. This is effective for a region such as a liver
having a small part where the sound velocity value greatly
varies locally in the subject, for example.

[0137] Regarding the second or later calculation coordi-
nates, the sound velocity searching range is reset based on
the sound velocities calculated in the previous frames, which
reduces the sound velocity searching range. This is effective
when the variation of sound velocity values between frames
1s small, for example.

[0138] Furthermore, the sound velocity searching range is
reset based on the average value or the median for each
region among the sound velocities obtained in a plurality of
previous frames, whereby the robust sound velocity value
can reduce the sound velocity searching range.

[0139] Inthis manner, it is possible to reduce time required
for calculating a sound velocity and improve a frame rate.
[0140] The invention is constituted basically as described
above. Above, the ultrasound diagnostic apparatus, the ultra-
sound image generation method, and a recording medium
recording the program of the invention have been described;
however, the invention is not limited to the examples
described above and various improvements or modifications
may be made within a range which does not depart from the
gist of the invention as a matter of course.

What is claimed is:

1. An ultrasound diagnostic apparatus acquiring an ultra-
sound image for examining an inspection object using an
ultrasonic beam, the ultrasound diagnostic apparatus com-
prising:

a sound velocity determiner configured to determine an
ambient sound velocity with respect to each of a
plurality of regions in the inspection object; and

a sound velocity searching range setting section config-
ured to set a sound velocity searching range within
which the sound velocity determiner searches in order
to determine the ambient sound velocity of each of the
plurality of regions,

wherein, the sound velocity searching range setting sec-
tion sets a first sound velocity searching range, and the
sound velocity determiner searches one or more sound
velocities within the first sound velocity searching
range to determine a first estimated ambient sound
velocity for each of the plurality of regions, and
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wherein, after determining the first estimated ambient
sound velocity for each of the plurality of regions, the
sound velocity searching range setting section sets a
second sound velocity searching range for one of the
plurality of regions based on the first estimated ambient
sound velocity of another of the plurality of regions, the
second sound velocity searching range being different
from the first sound velocity searching range, and

the sound velocity determiner searches one or more sound
velocities within the second sound velocity searching
range in the one of the plurality of regions to determine
a second estimated ambient sound velocity for the one
of the plurality of regions.

2. An ultrasound image generation method for acquiring
an ultrasound image for examining an inspection object
using an ultrasonic beam, the ultrasound image generation
method comprising the steps of:

setting a first sound velocity searching range in order to

determine a first estimated ambient sound velocity of
each of the plurality of regions,

upon determining the first estimated ambient sound veloc-

ity of each of the plurality of regions, searching one or
more sound velocities within the first sound velocity
searching range and determining the first estimated
ambient sound velocity for each of the plurality of
regions, and

wherein, upon determination of the second estimated

ambient sound velocity for each of the plurality of
regions, setting a second sound velocity searching
range for one of the plurality of regions based on the
first estimated ambient sound velocity of another of the
plurality of regions, the second sound velocity search-
ing range being different from the first sound velocity
searching range, searching one or more sound veloci-
ties within the second sound velocity searching range in
the one of the plurality of regions to determine a second
estimated ambient sound velocity for the one of the
plurality of regions.

3. The ultrasound diagnostic apparatus according to claim
17

wherein the second sound velocity searching range has an

upper limit and a lower limit, and wherein the center
value of the second sound velocity searching range is
the average value of the upper limit and the lower limit.

4. The ultrasound diagnostic apparatus according to claim
37

wherein the central value of the second sound velocity

searching range is the same as the first estimated
ambient sound velocity of the another of the plurality of
regions.

5. The ultrasound diagnostic apparatus according to claim
17

wherein the another of the plurality of regions is adjacent

to the one of the plurality of regions.

6. The ultrasound diagnostic apparatus according to claim
15

wherein the second sound velocity searching range is

determined using the second estimated ambient sound
velocity of at least further another of the plurality of
regions as well as the another of the plurality of
regions, the at least further another of the plurality of
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regions belonging to a different time-frame than the
other of the plurality of regions.

7. The ultrasound image generation method according to
claim 2,

wherein the second sound velocity searching range has an

upper limit and a lower limit, and wherein the center
value of the second sound velocity searching range is
the average value of the upper limit and the lower limit.

8. The ultrasound image generation method according to
claim 7,

wherein the central value of the second sound velocity

searching range is the same as the first estimated
ambient sound velocity of the another of the plurality of
regions.

9. The ultrasound image generation method according to
claim 2,

wherein the another of the plurality of regions is adjacent

to the one of the plurality of regions.

10. The ultrasound image generation method according to
claim 2,

wherein the second sound velocity searching range is

determined using the second estimated ambient sound
velocity of at least further another of the plurality of
regions as well as the another of the plurality of
regions, the at least further another of the plurality of
regions belonging to a different time-frame than the
other of the plurality of regions.

11. An ultrasound diagnostic apparatus acquiring an ultra-
sound image for examining an inspection object using an
ultrasonic beam, the ultrasound diagnostic apparatus com-
prising:

a memory storing a first sound velocity searching range;

and

a processor configured to determine a sound velocity with

respect to each of a plurality of regions in the inspection
object, the processor being further configured to set a
sound velocity searching range within which a sound
velocity is searched in order to determine the sound
velocity for each of the plurality of regions,

wherein, upon determination of a first sound velocity for

each of the plurality of regions, the processor reads out
the first sound velocity searching range from the
memory and sets the sound velocity searching range as
the first sound velocity searching range and searches
one or more sound velocities within the first sound
velocity searching range to determine the first sound
velocity for each of the plurality of regions,

wherein, after determining the first sound velocity for

each of the plurality of regions, the processor sets a
second sound velocity searching range for one of the
plurality of regions based on the first sound velocity of
another of the plurality of regions, the second sound
velocity searching range being different from the first
sound velocity searching range, and

wherein the processor searches one or more sound veloci-

ties within the second sound velocity searching range
and in the one of the plurality of regions to determine
a second sound velocity for the one of the plurality of
regions.
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