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ULTRASOUND DIAGNOSTIC APPARATUS
AND DATA PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/064486 filed on May 24,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-120014 filed on May 25, 2012.
Each of the above applications is hereby expressly incorpo-
rated by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

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

[0003] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, the ultrasound diagnostic appa-
ratus has an ultrasound probe in which a transducer array is
installed, and an apparatus body connected to the ultrasound
probe. In the ultrasound diagnostic apparatus, an ultrasonic
beam is transmitted from the ultrasound probe toward a sub-
ject, an ultrasonic echo, which is a reflected ultrasonic beam
from the subject, is received by the ultrasound probe to
acquire a reception signal, and the acquired reception signal is
electrically processed by the apparatus body to produce an
ultrasound image.

[0004] Intheconventional ultrasound diagnostic apparatus,
the value of the sound speed of ultrasonic wave set for the
entire apparatus is fixed to a certain value assuming that the
sound speed of ultrasonic wave in the living body of the
subject is constant.

[0005] However, since the sound speed changes depending
on differences in tissues such as a fat layer and a muscular
layer in the living body, the sound speed of ultrasonic wave in
the subject (hereinafter, referred to as an ambient sound
speed) is not uniform. In addition, since the thickness of the
fat layer or the muscular layer is different between a fat
subject and a thin subject, there are individual differences in
the ambient sound speed for each subject.

[0006] As described above, in the conventional ultrasound
diagnostic apparatus, the sound speed of ultrasonic wave set
for the entire apparatus (hereinafter, referred to as a set sound
speed) is fixed to a certain value. In this case, the more the
ambient sound speed, which is the sound speed in the subject,
deviates from the set sound speed, the more the arrival time of
the reflected wave (ultrasonic echo) deviates from the delay
time set for the ultrasonic wave transmission/reception cir-
cuit. For this reason, there has been a problem in that the
focusing is degraded, and accordingly, the quality of the
obtained ultrasound image is degraded.

[0007] Meanwhile, as shown in FIG. 12, the first embodi-
ment of JP 2011-92686 A discloses a data analyzer 700 in
which a region-of-interest setting unit 701 sets a region of
interest on an ultrasound image, a transmission focus control-
ler 702 sends an instruction of transmission focusing to a CPU
100 so that a transmission circuit performs transmission
focusing on the region of interest, thereby setting the position
of transmission focus as pseudo-point reflection, a set sound
speed designation unit 703 sets a start sound speed and an end
sound speed of a set sound speed, a focus index calculator 704
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calculates a focus index by performing reception focusing on
reception data of the region of interest for each set sound
speed of a predetermined step sound speed amount, and an
ambient sound speed determination unit 705 determines an
ambient sound speed of the region of interest based on the
focus index.

[0008] Inaddition, JP 2011-92686 A discloses that a signal
processor 502 performs reception focus processing using the
ambient sound speed calculated by the data analyzer 700.

SUMMARY OF THE INVENTION

[0009] Ingeneral,in orderto obtain the spatial resolution of
a brightness image (an ultrasound image), the brightness
image is created by transmitting and receiving ultrasonic
waves having relatively high frequencies to and from a sub-
ject.

[0010] However, in ultrasonic waves reflected from the
region of interest, a phenomenon such as an aberration due to
variously different paths of the ultrasonic waves (hereinafter,
simply referred to as aberration) occurs. In the case of a
high-frequency ultrasonic wave, the wavefront is likely to
collapse by the influence of the aberration.

[0011] When transmitting and receiving ultrasonic waves
to and from countless scattering points in a speckle region as
disclosed in JP 2011-92686 A, the wavefront collapses to a
larger extent as the frequency of the ultrasonic wave becomes
higher.

[0012] In the method disclosed in JP 2011-92686 A, since
the collapse of the wavefront of the ultrasonic wave causes an
error when calculating the ambient sound speed, it is not
possible to calculate the ambient sound speed accurately.
Therefore, there has been a problem in that, even if reception
focus processing is performed on a brightness image, the
focusing may not be accurately performed.

[0013] The present invention has been made to solve the
above-described problems in the prior art, and it is an object
of the present invention to provide an ultrasound diagnostic
apparatus and a data processing method capable of perform-
ing the focusing of a brightness image accurately by calcu-
lating accurate ambient sound speed regardless of the state of
a diagnostic region of a subject.

[0014] To attain the above object, the present invention
provides an ultrasound diagnostic apparatus, comprising;
[0015] an ultrasonic wave transmittet/receiver configured
to transmit an ultrasonic beam to a subject, receive an ultra-
sonic echo that is a reflected ultrasonic beam from the subject,
and output reception data; and an ambient sound speed cal-
culator configured to acquire first reception data for calculat-
ing an ambient sound speed as a sound speed in the subject,
which is data of a lower frequency than second reception data
for producing a brightness image of the subject, and analyse
the acquired first reception data to calculate the ambient
sound speed.

[0016] Also, the present invention provides a data process-
ing method, comprising steps of:

[0017] transmitting an ultrasonic beam to a subject, receiv-
ing an ultrasonic echo that is a reflected ultrasonic beam from
the subject, and outputting reception data, by an ultrasonic
wave transmitter/receiver; and acquiring first reception data
for calculating an ambient sound speed as a sound speed in the
subject, which is data of a lower frequency than second recep-
tion data for producing a brightness image of the subject, and
analysing the acquired first reception data to calculate the
ambient sound speed, by an ambient sound speed calculator.
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[0018] In the present invention, since an ambient sound
speed is calculated by using the first reception data of a lower
frequency than the second reception data for producing a
brightness image, the ambient sound speed is less influenced
by aberration. Therefore, it is possible to accurately calculate
the ambient sound speed regardless of the state of the diag-
nostic region of the subject. In addition, since a brightness
image is produced by cotrecting the delay time of the high-
frequency second reception data for producing a brightness
image using the ambient sound speed calculated from the
low-frequency first reception data, it is possible to perform
focusing of the brightness image accurately. Therefore, it is
possible to produce a high-quality brightness image that is
less influenced by the non-uniformity of sound speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.11isablock diagram showing the configuration
of an embodiment of an ultrasound diagnostic apparatus for
carrying out a data processing method of the present inven-
tion.

[0020] FIG. 2is ablock diagram showing the configuration
of an ambient sound speed calculator shown in FIG. 1.
[0021] FIG.3isa flowchart showing the flow of the process
in the ambient sound speed calculator shown in FIG. 2.
[0022] FIG. 4 is a diagram showing a state of reception
focus processing performed on the reception data from point
reflection.

[0023] FIG. 5 is a diagram showing a state of countless
scattering points in a speckle region.

[0024] FIG. 6 is a diagram showing a state where pseudo-
point reflection is formed by performing transmission focus-
ing on countless scattering points in a speckle region.

[0025] FIG.71isa graph showing the focus index of each set
sound speed.
[0026] FIG.8is aflowchart showing the flow of the process

in alive mode of the ultrasound diagnostic apparatus shown in
FIG. 1.

[0027] FIG.9isaconceptual diagram of a first embodiment
showing the flow of reception focus processing performed in
the ultrasound diagnostic apparatus shown in FIG. 1.

[0028] FIG. 10 is a conceptual diagram of a second embodi-
ment showing the flow of reception focus processing per-
formed in the ultrasound diagnostic apparatus shown in FIG.
1.

[0029] FIG. 11 is a conceptual diagram showing a state
where the delay time of reception data is corrected based on
an ambient sound speed.

[0030] FIG. 12 is a block diagram showing the configura-
tion of a data analyzer disclosed in JP 2011-92686 A.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Hereinafter, an ultrasound diagnostic apparatus and
a data processing method of the present invention will be
described in detail based on preferred embodiments shown in
the accompanying drawings.

[0032] FIG.1isablock diagram showing the configuration
of an embodiment of an ultrasound diagnostic apparatus for
carrying out a data processing method of the present inven-
tion.

[0033] An ultrasound diagnostic apparatus 10 shown in
FIG. 1 is configured with an ultrasound probe 12 and an
apparatus body 13 connected to the ultrasound probe 12.
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[0034] The apparatus body 13 includes a transmission cir-
cuit 14, a reception circuit 16, an image producer 18, a cine
memory 22, an ambient sound speed calculator 24, a display
controller 32, a display unit 34, a controller 36, an operating
unit 38, and a storage unit 40.

[0035] The ultrasound diagnostic apparatus 10 is an appa-
ratus which transmits an ultrasonic beam from the ultrasound
probe 12 toward a subject, receives an ultrasonic echo which
is a reflected ultrasonic beam from the subject, and produces
and displays an ultrasound image from the reception signal of
the ultrasonic echo.

[0036] The ultrasound probe 12 is used in a state of being
brought into contact with a subject, and has a transducer array
42 which is used in a usual ultrasound diagnostic apparatus.
[0037] Thetransducer array 42 has a plurality of ultrasound
transducers (ultrasonic wave transmission/reception ele-
ments) which are one-dimensionally or two-dimensionally
arranged. When an ultrasound image is captured, each of the
plurality of ultrasound transducers transmits an ultrasonic
beam toward the subject in accordance with a driving signal
supplied from the transmission circuit 14, receives an ultra-
sonic echo from the subject (that is, the ultrasonic beam
reflected by the subject), and outputs a reception signal.
[0038] Each ultrasound transducer is constituted by a vibra-
tor in which electrodes are formed at both ends of a piezo-
electric substance formed of, for example, a piezoelectric
ceramic represented by PZT (lead zirconate titanate), a poly-
mer piezoelectric element represented by PVDF (polyvi-
nylidene fluoride), a piezoelectric single crystal represented
by PMN-PT (lead magnesium niobate-lead titanate solid
solution), or the like.

[0039] If a pulsed or continuous-wave voltage is applied
across the electrodes of the vibrator, the piezoelectric sub-
stance expands and contracts, whereby pulsed or continuous-
wave ultrasonic waves are generated from the vibrator, and
the generated ultrasonic waves are synthesized to form an
ultrasonic beam. When receiving propagating ultrasonic
wave, each vibrator expands and contracts to generate an
electric signal and the electric signal is output as the reception
signal of the ultrasonic wave.

[0040] Meanwhile, in the apparatus body 13, the transmis-
sion circuit 14 includes a plurality of pulsers, for example.
The transmission circuit 14 performs transmission focusing
to adjust the amount of delay of each driving signal (timing of
applying a driving signal) so that ultrasonic waves transmit-
ted from the plurality of ultrasound transducers of the trans-
ducer array 42 form an ultrasonic beam based on the trans-
mission delay pattern selected by the controller 36, and
supplies the adjusted driving signals to the plurality of ultra-
sound transducers. Thus, the ultrasonic beams are transmitted
from the plurality of ultrasound transducers to the subject.
[0041] The reception circuit 16 amplifies the reception sig-
nal supplied from each ultrasound transducer of the trans-
ducer array 42, and A/D (analog/digital) converts the ampli-
fied reception signal to generate reception data (RF data).
[0042] The reception circuit 16 supplies the reception data
to the image producer 18, the cine memory 22, and the ambi-
ent sound speed calculator 24.

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

[0044] Here, the transmission delay pattern is pattern data
of the delay time that is given to a driving signal in order to
form an ultrasonic beam in a desired direction with ultrasonic
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waves transmitted from the plurality of ultrasound transduc-
ers. The reception delay pattern is pattern data of the delay
time that is given to a reception signal in order to extract an
ultrasonic echo from a desired direction with ultrasonic
waves received by the plurality of ultrasound transducers.
[0045] A plurality of transmission delay patterns and a
plurality of reception delay patterns are stored in the storage
unit 40 in advance. The controller 36 selects one transmission
delay pattern and one reception delay pattern from the plu-
rality of transmission delay patterns and the plurality of
reception delay patterns stored in the storage unit 40 and
outputs control signals to the transmission circuit 14 and a
signal processor 46 according to the selected transmission
delay pattern and reception delay pattern, thereby performing
transmission/reception control of the ultrasonic wave.
[0046] Then, the image producer 18 produces an ultra-
sound image from the reception data supplied from the recep-
tion circuit 16.

[0047] Asshown in FIG. 1, the image producer 18 includes
the signal processor 46, a DSC 48, an image processor 50, and
an image memory 52.

[0048] Since the distances between the respective ultra-
sound transducers and the ultrasonic reflection source in the
subject are different, the time taken for the ultrasonic echo to
reach each ultrasound transducer is different.

[0049] The signal processor 46 performs reception focus
processing by correcting the difference in arrival time (delay
time) of the ultrasonic echo in the reception data of a bright-
ness image based on the ambient sound speed supplied from
the ambient sound speed calculator 24 to be described later.
[0050] In the present embodiment, the signal processor 46
performs reception focus processing digitally by delaying
each piece of reception data by the difference in arrival time
(delay time) of the ultrasonic echo and performing phase
matching addition on the delayed reception data.

[0051] When there is another ultrasonic reflection source at
a position different from the position of the ultrasonic reflec-
tion source, the arrival time of the reception signal from the
other ultrasonic reflection source is different. Therefore, the
phase of the reception signal from the other ultrasonic reflec-
tionsourceis cancelled by addition in the signal processor 46.
Thus, the reception signal from the ultrasonic reflection
source becomes greatest, thereby becoming in focus. By the
reception focus processing, the focus of the ultrasonic echo is
narrowed down and reception data (sound ray signal) is gen-
erated.

[0052] Hereinafter, the correction of the delay time of the
reception data by the signal processor 46 will be described.
[0053] FIG. 11 is a conceptual diagram showing a state
where the delay time of reception data is corrected based on
the ambient sound speed. As shown in FIG. 11, a case is
considered in which a plurality of ultrasound transducers
(ultrasonic wave transmission/reception elements) of the
ultrasound probe 12 are arranged in a row in a horizontal
direction in FIG. 11.

[0054] Here, assuming that the width of each ultrasound
transducer in the arrangement direction of ultrasound trans-
ducers is L, the distance from the ultrasound transducer at the
center in the arrangement direction to the n-th ultrasound
transducer toward the end of the arrangement is nL.

[0055] As shown in FIG. 11, assuming that the reflection
point of the ultrasonic wave is present at a position at a
distance (depth)d from the ultrasound transducer at the center
in a direction perpendicular to the arrangement direction, a
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distance (length) d,, between the n-th ultrasound transducer
and the reflection point is calculated by Expression (1).

4L+ 1

[0056] Therefore, timet,, until the ultrasonic wave from the
reflection point is received by the n-th ultrasound transducer
1s calculated by Expression (2) using an ambient sound speed
V.

t,=d,/V=((nLY+d) V21V (3]

[0057] Since the distances between the respective ultra-
sound transducers and the reflection point are different as
described above, in this example, as shown in the graph in the
upper part of FIG. 11, the time t, becomes longer toward the
ultrasound transducer at the end of the arrangement.

[0058] That is, assuming that the time until the ultrasonic
wave from the reflection point is received by the ultrasound
transducer at the center is t,, the ultrasonic wave received by
the n-th ultrasound transducer is delayed by time At=t —t,
with respect to the ultrasonic wave received by the ultrasound
transducer at the center. The signal processor 46 corrects the
delay time expressed by the time At for the reception data
corresponding to each ultrasound transducer. This delay time
At is referred to as a reception delay pattern. As described
above, the delay time At of each piece of reception data is
calculated from the ambient sound speed and the distance
calculated from the geometric arrangement of the reflection
point and each ultrasound transducer.

[0059] Although the example described above is a case
where the ultrasound probe 12 is a linear probe, the same
thinking can be applied to a convex probe except for the
difference in the shape of the probe.

[0060] Inaddition, the signal processor 46 performs prede-
termined data processing on the reception data having been
subjected to reception focus processing.

[0061] Inthe present embodiment, the signal processor 46
generates a B-mode image signal (image signal of a bright-
ness image in which the amplitude of the ultrasonic echo is
expressed by the brightness (luminance) of a point), which is
tomographic image information regarding tissue within the
subject, by performing correction of attenuation due to the
distance depending on the depth of the reflection position of
the ultrasonic wave and then performing envelope detection
processing.

[0062] The B-mode image signal generated by the signal
processor 46 is an image signal obtained by a scanning system
different from a usual television signal scanning system.
[0063] Therefore, the DSC (a digital scan converter) 48
converts (raster-converts) the B-mode image signal generated
by the signal processor 46 into a usual image signal, for
example, an image signal according to the television signal
scanning system (for example, an NTSC system) under the
control of the controller 36.

[0064] Theimage processor 50 performs various necessary
image processing, such as gradation processing, on the
B-mode image signal input from the DSC 48, and then, the
B-mode image signal after the image processing is stored in
the image memory 52 and output to the display controller 32.
[0065] Subsequently, the display controller 32 causes the
display unit 34 to display an ultrasound diagnostic image
based on the B-mode image signal which has been subjected
to image processing by the image processor 50.

[0066] Thedisplay unit 34 is, for example, a display device
suchas an LCD, and displays the ultrasound diagnostic image
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(a video and a still image) and various setting screens under
the control of the display controller 32.

[0067] Then, the cine memory (reception data memory) 22
sequentially stores the reception data supplied from the
reception circuit 16. In addition, the cine memory 22 stores
information regarding the frame rate (for example, param-
eters indicating the depth of the reflection position of the
ultrasonic wave, the density of scanning lines, and the width
of a field of vision), which is input from the controller 36, so
as to be associated with the reception data described above.
[0068] The reception data and the information regarding
the frame rate stored in the cine memory 22 are supplied to the
signal processor 46 and the ambient sound speed calculator
24.

[0069] The ambient sound speed calculator 24 acquires
reception data for calculating the ambient sound speed, which
is data of a lower frequency than reception data for producing
abrightness image, and analyses the acquired reception data,
thereby calculating an ambient sound speed.

[0070] In the present embodiment, the ambient sound
speed calculator 24 acquires the reception data for calculating
the ambient sound speed, calculates a focus index by per-
forming reception focusing on the acquired reception data,
and calculates the ambient sound speed in a region of interest
based on the calculated focus index.

[0071] The ambient sound speed calculator 24 outputs the
calculated ambient sound speed to the signal processor 46.
[0072] The controller 36 controls the respective constitu-
ents of the ultrasound diagnostic apparatus 10 on the basis of
instructions input from the operating unit 38 by an operator.
[0073] The operating unit 38 is an input device for receiv-
ing instructions input by the operator, and may be constituted
by a keyboard, a mouse, a trackball, a touch panel, or the like.
[0074] The storage unit 40 stores an operation program for
causing the controller 36 to execute control of the respective
constituents of the ultrasound diagnostic apparatus 10, the
transmission delay pattern and reception delay pattern, or the
like, and may be constituted by a recording medium such as a
hard disk, a flexible disk, an MO, an MT, a RAM, a CD-ROM
a DVD-ROM, or the like.

[0075] The signal processor 46, the DSC 48, the image
processor 50, the display controller 32 and the ambient sound
speed calculator 24 are constituted by a CPU (a computer)
and an operation program for causing the CPU to execute
various processing, but these may be constituted by digital
circuits.

[0076] Next, the ambient sound speed calculator 24 will be
described in detail.

[0077] FIG. 2is ablock diagram showing the configuration
of the ambient sound speed calculator shown in FIG. 1.
[0078] As shown in FIG. 2, the ambient sound speed cal-
culator 24 includes a region-of-interest setting unit 60, a
transmission focus controller 62, a set sound speed designa-
tion unit 64, a focus index calculator 66, and an ambient
sound speed determination unit 68.

[0079] Theregion-of-interest setting unit 60 sets a region of
interest on the ultrasound image displayed on the display unit
34 in response to an instruction input from the operating umt
38 and through the controller 36 by the operator.

[0080] The transmission focus controller 62 sends an
instruction of transmission focusing to the controller 36 so
that the transmission circuit 14 performs transmission focus-
ing on the set region of interest.
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[0081] The set sound speed designation unit 64 sequen-
tially designates each of a plurality of set sound speeds for
performing reception focusing on the reception data based on
the control of the controller 36.

[0082] The focus index calculator 66 reads reception data
of the region of interest from the cine memory 22, performs
reception focusing on the reception data for each of a plurality
of set sound speeds designated by the set sound speed desig-
nation unit 64, and calculates the focus indexes of the recep-
tion data.

[0083] The ambient sound speed determination unit 68
determines an ambient sound speed in the region of interest
based on each of the focus indexes for each of the plurality of
set sound speeds.

[0084] Next, the operation of the ambient sound speed cal-
culator 24 will be described with reference to the flowchart of
FIG. 3. FIG. 3 is a flowchart showing the flow of the process
in the ambient sound speed calculator shown in FIG. 2.
[0085] As shown in FIG. 3, in the ambient sound speed
calculator 24, the region-of-interest setting unit 60 sets a
region of interest on the ultrasound image displayed on the
display unit 34 in response to an instruction input by the
operator using the operating unit 38 and through the control-
ler 36 (step S10).

[0086] Then, in the ambient sound speed calculator 24, the
set sound speed designation unit 64 sets a start sound speed
Vst and an end sound speed Vend of the set sound speed V
(step S20), and sets the start sound speed Vst as the set sound
speed V (step S30).

[0087] As shown in FIG. 4, with respect to reception data
from point reflection, when performing reception focusing, it
is possible to acquire reception data whose strength or sharp-
ness can be analysed. However, as shown in FIG. 5, with
respect to countless scattering points in a speckle region, the
peak value and the spatial frequency in the azimuthal direc-
tion are no longer valid due to the interference. For this
reason, it is difficult to acquire reception data whose strength
or sharpness can be analysed when performing reception
focusing.

[0088] Therefore, as shown in FIG. 6, the ambient sound
speed calculator 24 forms pseudo-point reflection by per-
forming transmission focusing on the countless scattering
points in a speckle region, performs reception focusing on the
acquired reception data of the reception element position, and
calculates an ambient sound speed in a speckle region using
the same method as for the point reflection to analyse the
strength or sharpness.

[0089] That is, in the ambient sound speed calculator 24,
the transmission focus controller 62 sends an instruction of
transmission focusing to the controller 36 so that the trans-
mission circuit 14 performs transmission focusing on the set
region of interest, thereby setting the position of transmission
focusing as pseudo-point reflection (step S40).

[0090] Then, in the ambient sound speed calculator 24, the
focus index calculator 66 reads the reception data from the
cine memory 22, performs reception focusing on the recep-
tion data for each of the plurality of set sound speeds desig-
nated by the set sound speed designation unit 64, and calcu-
lates the focus index of the reception data (step S50).

[0091] Here, in the case of the reception data of the point
reflection in FIG. 4, as shown in FIG. 7, changes in the peak
value and the spatial frequency in the azimuthal direction
depending on the set sound speed can be seen. However, even
in the case of reception data when forming pseudo-point
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reflection by performing transmission focusing as shown in
FIG. 6, the tendency shown in FIG. 7 can be seen. For this
reason, in the ambient sound speed calculator 24, the focus
index calculator 66 calculates as focus indices an integration
value, a square integration value, a peak value, contrast, half-
value width, frequency spectrum integration, a frequency
spectrum integration value or frequency spectrum square
integration value standardized by a maximum value or a DC
component, an autocorrelation value, and the like (in the case
shown in FIG. 7, a focus index when the set sound
speed=Amp1490 is the highest).

[0092] Then, in the ambient sound speed calculator 24, the
set sound speed designation unit 64 determines whether or
not the set sound speed V has reached the end sound speed
Vend (step S60). If the set sound speed V is less than the end
sound speed Vend (“No” in step S60), a predetermined step
sound speed amount AV is added to the set sound speed V
(step S70), and the process returns to step S40. On the other
hand, if it is determined that the set sound speed V has reached
the end sound speed Vend (“Yes” in step S60), the process
proceeds to step S80.

[0093] Instep S80, the ambient sound speed determination
unit 68 of the ambient sound speed calculator 24 determines
the ambient sound speed in the region of interest based on the
focus index for each of the plurality of set sound speeds. For
example, a set sound speed having the highest focus index is
determined as the ambient sound speed in the region of inter-
est. Then, the determined ambient sound speed is output to the
signal processor 46, and the process ends (in the case of FIG.
7, the set sound speed=Amp1490 having the highest focus
index is the ambient sound speed).

[0094] As described above, in the ultrasound diagnostic
apparatus 10, transmission focusing is performed on the
countless scattering points in a speckle region to form the
pseudo-point reflection, a focus index for each of the plurality
of set sound speeds is generated, and an ambient sound speed
in the region of interest is determined based on the focus index
for each of the plurality of set sound speeds. Therefore, it is
possible to appropriately determine the ambient sound speed
in the region of interest including a speckle region at the level
of point reflection, and thus, it is possible to produce a highly
accurate ultrasound image.

[0095] Next, the operation of the ultrasound diagnostic
apparatus 10 will be described.

[0096] The ultrasound diagnostic apparatus 10 has two
operation modes of a live mode and a cine memory reproduc-
tion mode.

[0097] First, the operation of the ultrasound diagnostic
apparatus 10 in the live mode will be described with reference
to the flowchart shown in FIG. 8. FIG. 8 is a flowchart show-
ing the flow of the process in the live mode of the ultrasound
diagnostic apparatus shown in FIG. 1.

[0098] The live mode is a mode in which an ultrasound
image (avideo), which is obtained by transmitting and receiv-
ing ultrasonic waves in a state where the ultrasound probe 12
is brought into contact with the subject, is displayed.

[0099] Inthe live mode, the ultrasound probe 12 is brought
into contact with the subject, and an ultrasound diagnosis is
started by an instruction input from the operating unit 38 by
the operator.

[0100] When the ultrasound diagnosis is started, the con-
troller 36 sets a transmission direction of the ultrasonic beam
and a reception direction of the ultrasonic echo for each
ultrasound transducer, and selects a transmission delay pat-
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tern according to the transmission direction of the ultrasonic
beam and selects a reception delay pattern according to the
reception direction of the ultrasonic echo (step S100). Then,
the controller 36 outputs control signals to the transmission
circuit 14 and the signal processor 46 according to the
selected transmission delay pattern and the selected reception
delay pattern, thereby performing transmission/reception
control of the ultrasonic wave.

[0101] In response to this, in the transmission circuit 14,
transmission focusing of the driving signal of each ultrasound
transducer is performed based on the selected transmission
delay pattern, and the ultrasonic beams are transmitted from
the plurality of ultrasound transducers to the subject (step
S110).

[0102] Then, the ultrasonic echoes from the subject are
received by the plurality of ultrasound transducers, and the
reception signals are output from the plurality of ultrasound
transducers.

[0103] Inthe reception circuit 16, the reception signal sup-
plied from each ultrasound transducer is amplified and A/D
converted to generate reception data (step S120).

[0104] Subsequently. in the signal processor 46, reception
focus processing is digitally performed on the reception data
based on the ambient sound speed supplied from the ambient
sound speed calculator 24, thereby generating reception data
in which the focus of the ultrasonic echo is narrowed down
(step S130). Then, by the signal processor 46, data processing
is performed on the reception data which has been subjected
to the reception focus processing to generate a B-mode image
signal (step S140).

[0105] Inthe DSC 48, the B-mode image signal generated
by the signal processor 46 is converted into an image signal
according to the television signal scanning system, and then,
in the image processor 50, the converted B-mode image sig-
nal is subjected to necessary image processing to produce an
ultrasound image.

[0106] The ultrasound image produced by the image pro-
cessor 50 is stored in the image memory 52, and is displayed
on the display unit 34 under the control of the display con-
troller 32 (step S150).

[0107] In addition, the reception data generated by the
reception circuit 16 is sequentially stored in the cine memory
22 50 as to be associated with the information regarding the
frame rate input from the controller 36, and is supplied to the
ambient sound speed calculator 24 in order to generate the
ambient sound speed.

[0108] As described above, in the ultrasound diagnostic
apparatus 10, the ambient sound speed calculator 24 calcu-
lates the ambient sound speed in the region of interest of the
subject, and reception focus processing is performed using
the calculated ambient sound speed. In this case, the ambient
sound speed is calculated from reception data of an ultra-
sound image having a lower frequency than reception data of
a brightness image, and reception focus processing is per-
formed on the reception data for producing a brightness
image having a higher frequency than the reception data of an
ultrasound image for calculating an ambient sound speed.
[0109] That is, the reception data for calculating an ambient
sound speed is data of a lower frequency than the reception
data for producing a brightness image.

[0110] Here, the method of acquiring a low-frequency
ultrasound image for calculating an ambient sound speed is
not particularly limited. Two examples for acquiring a low-
frequency ultrasound image will be described below.
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[0111] FIG. 9is a conceptual diagram of the first embodi-
ment showing the flow of reception focus processing pet-

formed in the ultrasound diagnostic apparatus shown in FIG.
1

[0112] Inthe first embodiment, an ambient sound speed in
the region of interest of the subject is calculated in advance,
and when producing a brightness image, reception focus pro-
cessing is performed on the reception data of a brightness
image using the calculated ambient sound speed.

[0113] As shown in FIG. 9, when acquiring reception data
for calculating an ambient sound speed, under the control of
the controller 36, an ultrasonic beam having a lower fre-
quency than an ultrasonic beam that is transmitted to the
subject in order to acquire the reception data of a brightness
image is transmitted to the subject by the transmission circuit
14, and an ultrasonic echo from the subject is received by the
reception circuit 16. As a result, the reception data for calcu-
lating an ambient sound speed is acquired. Then, the ambient
sound speed calculator 24 analyses the acquired reception
data and calculates an ambient sound speed.

[0114] For example, in the case of acquiring the reception
data of the abdominal region, the frequency of an ultrasonic
beam when acquiring the reception data for calculating an
ambient sound speed is preferably 2 MHz or lower.

[0115] 1In contrast, when acquiring reception data of a
brightness image, under the control of the controller 36, an
ultrasonic beam having a higher frequency than that when
acquiring the reception data for calculating an ambient sound
speed is transmitted to the subject by the transmission circuit
14, and an ultrasonic echo from the subject is received by the
reception circuit 16, thereby acquiring the reception data.
Then, the image producer 18 performs reception focus pro-
cessing on the acquired reception data of a brightness image
using the calculated ambient sound speed, and a brightness
image is displayed on the display unit 34.

[0116] In the first embodiment described above, the calcu-
lation of the ambient sound speed and the acquisition of the
reception data of a brightness image are performed so as to
correspond in a one-to-one manner. However, the present
invention is not limited thereto, and the number of times by
which the ambient sound speed calculator 24 calculates the
ambient sound speed by acquiring the reception data for
calculating an ambient sound speed may be reduced to less
than the number of times by which the reception data of a
brightness image is acquired. For example, it is preferable to
calculate the ambient sound speed when a diagnostic region is
changed. When the diagnostic region remains the same, the
reception focus processing may be performed on the acquired
reception data of a brightness image using the same ambient
sound speed (the ambient sound speed calculated in the diag-
nostic region).

[0117] Next, FIG. 10 is a conceptual diagram of a second
embodiment showing the flow of reception focus processing
performed in the ultrasound diagnostic apparatus shown in
FIG. 1.

[0118] In the second embodiment, frequency separation is
performed on the reception data of a brightness image in the
first embodiment, thereby extracting a low-frequency com-
ponent and a high-frequency component. Then, an ambient
sound speed is calculated from the low-frequency compo-
nent, and reception focus processing is performed on the
high-frequency component using the calculated ambient
sound speed. As a result, a brightness image is produced.
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[0119] As shown in FIG. 10, under the control of the con-
troller 36, the transmission circuit 14 and the reception circuit
16 transmit and receive an ultrasonic beam to and from the
subject, thereby acquiring the reception data. Then, from the
acquired reception data, a frequency separation unit 26
extracts a component (low-frequency component) corre-
sponding to reception data for calculating an ambient sound
speed, which has a lower frequency than the ultrasonic beam
transmitted to the subject in order to acquire the reception
data, and other high-frequency components corresponding to
reception data for producing a brightness image. For the
separation of frequency components, for example, a method
of using a band pass filter simply can be considered.

[0120] Similarly to the above, in the case of acquiring the
reception data of the abdominal region, the frequency of the
low-frequency component corresponding to the reception
data of an ultrasound image for calculating an ambient sound
speed is preferably 2 MHz or lower.

[0121] Subsequently. the ambient sound speed calculator
24 calculates an ambient sound speed from the extracted
low-frequency component. On the other hand, the image pro-
ducer 18 performs reception focus processing on the recep-
tion data of the extracted high-frequency component using
the calculated ambient sound speed, and the high-frequency
component after the reception focus processing, that is, a
brightness image is displayed on the display unit 34.

[0122] In the second embodiment, although the high-fre-
quency component extracted from the acquired reception
data is used as reception data for producing a brightness
image, the acquired reception data may be used as it is instead
of the high-frequency component extracted from the recep-
tion data.

[0123] Asdescribed above, since an ambient sound speed is
calculated by using the reception data of a lower frequency
than the reception data for producing a brightness image, the
ambient sound speed is less influenced by aberration. There-
fore, it is possible to accurately calculate the ambient sound
speed regardless of the state of the diagnostic region of the
subject. In addition, since a brightness image is produced by
correcting the delay time of the high-frequency reception data
for producing a brightness image using the ambient sound
speed calculated from the low-frequency reception data, it is
possible to perform reception focusing accurately. Therefore,
it is possible to produce a high-quality brightness image that
is less influenced by the non-uniformity of sound speed.
[0124] Next, the operation of the ultrasound diagnostic
apparatus 10 in the cine memory reproduction mode will be
described.

[0125] The cine memory reproduction mode is a mode in
which an ultrasound image is displayed based on the recep-
tion data stored in the cine memory 22.

[0126] Inresponse to an instruction input from the operat-
ing unit 38, the controller 36 switches the operation mode of
the ultrasound diagnostic apparatus 10 to the cine memory
reproduction mode.

[0127] Inthe cine memory reproduction mode, the control-
ler 36 reads reception data from the cine memory 22, and
transmits the reception data to the signal processor 46 of the
image producer 18. The subsequent operation is the same as
in the live mode. Thus, an ultrasound image (a video or a still
image) based on the reception data stored in the cine memory
22 is displayed on the display unit 34.

[0128] Inaddition, when the ambient sound speed calcula-
tor 24 calculates an ambient sound speed from the reception
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data, it is possible to use any method of calculating an ambient
sound speed without being limited to the embodiments
described above.

[0129] The present invention is basically as described
above.
[0130] Hereinbefore, the present invention has been

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

What is claimed is:

1. An ultrasound diagnostic apparatus, comprising:

an ultrasonic wave transmitter/receiver configured to trans-
mit an ultrasonic beam to a subject, receive an ultrasonic
echo that is a reflected ultrasonic beam from the subject,
and output reception data; and

an ambient sound speed calculator configured to acquire
first reception data for calculating an ambient sound
speed as a sound speed in the subject, which is data of a
lower frequency than second reception data for produc-
ing a brightness image of the subject, and analyse the
acquired first reception data to calculate the ambient
sound speed.

2. The ultrasound diagnostic apparatus according to claim

1,

wherein the first reception data is acquired by transmitting
an ultrasonic beam, which has a lower frequency than an
ultrasonic beam transmitted to the subject in order to
acquire the second reception data, to the subject.

3. The ultrasound diagnostic apparatus according to claim

15

wherein the first reception data is acquired by extracting a
low-frequency component from the second reception
data.

4. The ultrasound diagnostic apparatus according to claim

27

wherein a low frequency when acquiring the first reception
data is a frequency of 2 MHz or lower.

5. The ultrasound diagnostic apparatus according to claim

1,

wherein a number of times by which the ambient sound
speed calculator acquires the first reception data to cal-
culate the ambient sound speed is equal to or less than a
number of times by which the second reception data is
acquired.

6. The ultrasound diagnostic apparatus according to claim

15

wherein the ambient sound speed calculator comprises:

aregion-of-interest setting unit configured to seta region of
interest on an ultrasound image in response to an instruc-
tion input from an operating unit by an operator;

a transmission focus controller configured to control so as
to perform transmission focusing on the region of inter-
est to adjust an amount of delay of driving signals of a
plurality of ultrasonic wave transmission/reception ele-
ments included in the ultrasonic wave transmitter/re-
ceiver;

a set sound speed designation unit configured to sequen-
tially designate each ofa plurality of set sound speeds for
performing reception focusing on the first reception data
to correct a difference in arrival time of the ultrasonic
echo in the first reception data based on the ambient
sound speed;
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a focus index calculator configured to perform the recep-
tion focusing on the first reception data of the region of
interest for each of the plurality of set sound speeds, and
calculate focus indexes of the first reception data; and

an ambient sound speed determination unit configured to
determine an ambient sound speed in the region of inter-
est based on each of the focus indexes for each of the
plurality of set sound speeds.

7. The ultrasound diagnostic apparatus according to claim

65

wherein the ambient sound speed determination unit deter-
mines a set sound speed having a highest focus index as
the ambient sound speed in the region of interest.

8. The ultrasound diagnostic apparatus according to claim

1, further comprising a signal processor configured to pro-
duce the brightness image by correcting a difference in arrival
time of the ultrasonic echo in the second reception data based
on the ambient sound speed and performing data processing
on the corrected second reception data.

9. The ultrasound diagnostic apparatus according to claim

85

wherein the signal processor corrects the difference in
arrival time of the ultrasonic echo in the second recep-
tion data by delaying the second reception data corre-
sponding to each of a plurality of ultrasonic wave trans-
mission/reception elements included in the ultrasonic
wave transmitter/receiver by the difference in arrival
time of the ultrasonic echo in the second reception data,
and performing phase matching addition on the delayed
second reception data corresponding to each of the plu-
rality of ultrasonic wave transmission/reception ele-
ments.

10. The ultrasound diagnostic apparatus according to claim

9’

wherein the signal processor calculates time until the ultra-
sonic echo from a reflection point is received by each of
the plurality of ultrasonic wave transmission/reception
elements based on the ambient sound speed and dis-
tances between the respective ultrasonic wave transmis-
sion/reception elements and the reflection point of the
ultrasonic echo which is present at a position perpen-
dicular to an arrangement direction of the plurality of
ultrasonic wave transmission/reception elements from a
reference ultrasonic wave transmission/reception ele-
ment of the plurality of ultrasonic wave transmission/
reception elements, and calculates the difference in
arrival time of the ultrasound echo corresponding to
each of the plurality of ultrasonic wave transmission/
reception elements in the second reception data by cal-
culating the difference between time until the ultrasonic
echo from the reflection point is received by the refer-
ence ultrasonic wave transmission/reception element
and the time until the ultrasonic echo from the reflection
point is received by each of the plurality of ultrasonic
wave transmission/reception elements.

11. A data processing method, comprising steps of:

transmitting an ultrasonic beam to a subject, receiving an
ultrasonic echo that is a reflected ultrasonic beam from
the subject, and outputting reception data, by an ultra-
sonic wave transmitter/receiver; and

acquiring first reception data for calculating an ambient
sound speed as a sound speed in the subject, which is
data of a lower frequency than second reception data for
producing a brightness image of the subject, and anal-
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ysing the acquired first reception data to calculate the
ambient sound speed, by an ambient sound speed calcu-
lator.

12. The data processing method according to claim 11,

wherein the first reception data is acquired by transmitting
an ultrasonic beam, which has a lower frequency than an
ultrasonic beam transmitted to the subject in order to
acquire the second reception data, to the subject.

13. The data processing method according to claim 11,

wherein the first reception data is acquired by extracting a
low-frequency component from the second reception
data.

14. The data processing method according to claim 12,

wherein a low frequency when acquiring the first reception
data is a frequency of 2 MHz or lower.

15. The data processing method according to claim 11,

wherein a number of times by which the ambient sound
speed calculator acquires the first reception data to cal-
culate the ambient sound speed is equal to or less than a
number of times by which the second reception data is
acquired.

16. The data processing method according to claim 11,

wherein the step of calculating the ambient sound speed by
the ambient sound speed calculator comprises the steps
of:

setting a region of interest on an ultrasound image in
response to an instruction input from an operating unit
by an operator, by a region-of-interest setting unit;

controlling so as to perform transmission focusing on the
region of interest to adjust an amount of delay of driving
signals of a plurality of ultrasonic wave transmission/
reception elements included in the ultrasonic wave
transmitter/receiver, by a transmission focus controller;

sequentially designating each of a plurality of set sound
speeds for performing reception focusing on the first
reception data to correct a difference in arrival time of
the ultrasonic echo in the first reception data based on the
ambient sound speed, by a set sound speed designation
unit;

performing the reception focusing on the first reception
data of the region of interest for each of the plurality of
set sound speeds, and calculating focus indexes of the
first reception data, by a focus index calculator; and

determining an ambient sound speed in the region of inter-
est based on each of the focus indexes for each of the
plurality of set sound speeds, by an anibient sound speed
determination unit.
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17. The data processing method according to claim 16,

wherein the ambient sound speed determination unit deter-
mines a set sound speed having a highest focus index as
the ambient sound speed in the region of interest.

18. The data processing method according to claim 11,
further comprising a step of producing the brightness image
by correcting a difference in arrival time of the ultrasonic
echo in the second reception data based on the ambient sound
speed and performing data processing on the corrected sec-
ond reception data, by a signal processor.

19. The data processing method according to claim 18,

wherein the signal processor corrects the difference in
arrival time of the ultrasonic echo in the second recep-
tion data by delaying the second reception data corre-
sponding to each of a plurality of ultrasonic wave trans-
mission/reception elements included in the ultrasonic
wave transmitter/receiver by the difference in arrival
time of the ultrasonic echo in the second reception data,
and performing phase matching addition on the delayed
second reception data corresponding to each of the plu-
rality of ultrasonic wave transmission/reception ele-
ments.

20. The data processing method according to claim 19,

wherein the signal processor calculates time until the ultra-
sonic echo from a reflection point is received by each of
the plurality of ultrasonic wave transmission/reception
elements based on the ambient sound speed and dis-
tances between the respective ultrasonic wave transmis-
sion/reception elements and the reflection point of the
ultrasonic echo which is present at a position perpen-
dicular to an arrangement direction of the plurality of
ultrasonic wave transmission/reception elements from a
reference ultrasonic wave transmission/reception ele-
ment of the plurality of ultrasonic wave transmission/
reception elements, and calculates the difference in
arrival time of the ultrasound echo corresponding to
each of the plurality of ultrasonic wave transmission/
reception elements in the second reception data by cal-
culating the difference between time until the ultrasonic
echo from the reflection point is received by the refer-
ence ultrasonic wave transmission/reception element
and the time until the ultrasonic echo from the reflection
point is received by each of the plurality of ultrasonic
wave transmission/reception elements.
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