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FIG. 5
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF PRODUCING
ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/56969 filed on Mar. 13,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-088278 filed on Apr. 9, 2012.
Each of the above application(s) 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 method of producing an ultrasound
image, and in particular, to an ultrasound diagnostic appara-
tus which performs an ultrasound image production through
transmission and reception of an ultrasonic wave by means of
an array transducer of an ultrasound probe.

[0003] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, this type of ultrasound diagnos-
tic apparatus has an ultrasound probe in which an array trans-
ducer is installed, and an apparatus body connected to the
ultrasound probe. Ultrasonic beams are transmitted from the
ultrasound probe toward the inside of a subject, an ultrasonic
echo from the subject is received by the ultrasound probe, and
reception signals output from the ultrasound probe are elec-
trically processed by the apparatus body to produce an ultra-
sound image.

[0004] Inthisultrasound diagnostic apparatus, complicated
electrical processing, such as logarithmic compression or
delay addition, is carried out for the detected reception signals
to obtain a visually easy-to-observe ultrasound image. How-
ever, when the complicated processing is performed, there is
a risk that valuable information which is inherent in the
received ultrasonic echo is lost during the processing.
[0005] Accordingly, for example, JP 2002-177280 A sug-
gests an ultrasound diagnostic apparatus in which actual data
being processed is extracted and the extracted actual data is
displayed in parallel along with an ultrasound image.

[0006] However, in the apparatus of JP 2002-177280 A,
since the waveform of actual data of one channel among a
plurality of channels is merely displayed, even if valuable
information is inherent in the actual data, it is difficult for an
operator of the ultrasound diagnostic apparatus to grasp new
information, which cannot be obtained from the ultrasound
image, by observing the waveform.

SUMMARY OF THE INVENTION

[0007] The present invention has been acconiplished in
order to solve the above-described problem in the prior art,
and an object of the present invention is to provide an ultra-
sound diagnostic apparatus and a method of producing an
ultrasound image capable of easily grasping information
which is inherent in a received ultrasonic echo and which
cannot be obtained from an ultrasound image.

[0008] An ultrasound diagnostic apparatus according to the
present invention comprises an array transducer, a transmis-
sion circuit which transmits an ultrasonic beam from the
transducer array toward a subject, a reception circuit which
electrically processes reception signals output from the trans-
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ducer array having received an ultrasonic echo from the sub-
jectto obtain reception data, a reception data memory which
stores the reception data, an ultrasound image producer which
produces an ultrasound image from the reception data based
on a predetermined set sound speed, a display unit configured
to display the ultrasound image produced by the ultrasound
image producer, a reception data image producer which pro-
duces a reception data image representing a luminance image
of an ultrasonic echo wavefront from the reception data cor-
responding to a predetermined range on at least one scan line
in the ultrasound image, a sound speed determination unit
configured to determine an optimum sound speed based on
ultrasound images respectively produced by the ultrasound
image producer while changing the predetermined set sound
speed, and a controller which makes an ultrasound image for
diagnosis produced by the ultrasound image producer and the
reception data image produced by the reception data image
producer be displayed simultaneously on the display unit
based on the optimum sound speed determined by the sound
speed determination unit.

[0009] A method of producing an ultrasound image accord-
ing to the present invention comprises the steps of transmit-
ting an ultrasonic beam from an array transducer toward a
subject, electrically processing reception signals output from
the array transducer having received an ultrasonic echo from
the subject to acquire reception data, producing an ultrasound
image from the reception data based on a predetermined set
sound speed, determining an optimum sound speed based on
ultrasound images respectively produced while changing the
predetermined set sound speed, producing an ultrasound
image for diagnosis based on the determined optimum sound
speed, producing a reception data image representing a lumi-
nance image of an ultrasonic echo wavefront from the recep-
tion data corresponding to a predetermined range on at least
one scan line in the ultrasound image, and simultaneously
displaying the ultrasound image for diagnosis and the recep-
tion data image on a display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is a block diagram showing the configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 1 of the present invention.

[0011] FIG. 2 is a diagram showing an ultrasound image in
Embodiment 1, in which a predetermined range is set on one
scan line.

[0012] FIG. 3 is a diagram showing a reception data image
corresponding to the predetermined range shown in FIG. 2.
[0013] FIG. 4 is a diagram showing the display contents of
a display unit in Embodiment 1.

[0014] FIG. 5 is a diagram showing an optimum sound
speed delay-corrected data image to be displayed in Embodi-
ment 2.

[0015] FIG. 6 is a diagram showing the display contents of
a display unit in Embodiment 2.

[0016] FIGS.7A and 7B are diagrams showing a peripheral
sound speed delay-corrected data image to be displayed in a
modification example of Embodiment 2.

[0017] FIG. 8 is a diagram showing the display contents of
a display unit in the modification example of Embodiment 2.
[0018] FIG. 9 is a diagram showing a B-mode image in
Embodiment 3, in which a predetermined range is set on each
of two scan lines.

[0019] FIG. 10 is adiagram showing the display contents of
a display unit in Embodiment 3.
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[0020] FIG. 11 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to
Embodiment 4.

[0021] FIGS. 12A and 12B are diagrams schematically
showing the principle of sound speed calculation in Embodi-
ment 4.

[0022] FIG.13isadiagram showing the display contents of
a display unit in Embodiment 4.

[0023] FIG.14isadiagram showing the display contents of
a display unit in a modification example of Embodiment 4.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

Embodiment 1

[0025] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
present invention. The ultrasound diagnostic apparatus
includes an array transducer 1, and a transmission circuit 2
and a reception circuit 3 are connected to the array transducer
1. A signal processor 4, a DSC (Digital Scan Converter) 5, an
image processor 6, a display controller 7, and a display unit 8
are sequentially connected to the reception circuit 3, and an
image memory 9 is connected to the image processor 6.
[0026] In addition, a reception data memory 10 is con-
nected to the reception circuit 3 and the signal processor 4, a
reception data image producer 11 is connected to the recep-
tion data memory 10 and the DSC 5, and a sound speed
determination unit 12 is connected to the image memory 9
and the signal processor 4. Further, a controller 13 is con-
nected to the transmission circuit 2, the reception circuit 3, the
signal processor 4, the DSC 5, the display controller 7, the
reception data memory 10, the reception data image producer
11 and the sound speed determination unit 12, and an oper-
ating unit 14 and a storage unit 15 are connected to the
controller 13.

[0027] The array transducer 1 has a plurality of ultrasound
transducers arranged in a one-dimensional or two-dimen-
sional array. Each of the plurality of ultrasound transducers
transmits an ultrasonic wave in accordance with a driving
signal supplied from the transmission circuit 2, receives an
ultrasonic echo from the subject, and outputs a reception
signal. Each ultrasound transducer is constituted by a vibrator
in which electrodes are formed at both ends of a piezoelectric
substance formed of, for example, a piezoelectric ceramic
represented by PZT (lead zirconate titanate), a polymer
piezoelectric element such as PVDF (polyvinylidene fluo-
ride), a piezoelectric single crystal represented by PMN-PT
(lead magnesium niobate-lead titanate solid solution), or the
like.

[0028] If a pulsed or continuous-wave voltage is applied
across the electrodes of the vibrator, the piezoelectric sub-
stance expands and contracts, whereby pulsed or continuous-
wave ultrasonic waves are produced from the respective
vibrators and the produced ultrasonic waves are synthesized
to form an ultrasonic beam. When receiving propagating
ultrasonic waves, the respective vibrators expand and con-
tract to produce electric signals, and the electric signals are
output as the reception signals of the ultrasonic waves.
[0029] The transmission circuit 2 includes, for example, a
plurality of pulse generators. The transmission circuit 2
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adjusts the delay amount of each of the driving signals on the
basis of a transmission delay pattern selected in response to a
control signal from the controller 13 such that ultrasonic
waves transmitted from the plurality of ultrasound transduc-
ers of the array transducer 1 form an ultrasonic beam, and
supplies the adjusted driving signals to the plurality of ultra-
sound transducers.

[0030] The reception circuit 3 amplifies the reception sig-
nals transmitted from the respective ultrasound transducers of
the array transducer 1, and A/D converts the amplified recep-
tion signals to produce digitized reception data of the number
of reception channels.

[0031] The signal processor 4 produces plural pieces of
delay-corrected data by performing respective delay correc-
tions on the plural pieces of reception data produced by recep-
tion circuit 3 in accordance with sound speed input from the
sound speed determination unit 12, and performs reception
focus processing by adding these plural pieces of delay-cor-
rected data. With this reception focus processing, the focus of
the ultrasonic echo is narrowed down to produce a sound ray
signal. Further, the signal processor 4 performs correction of
attenuation due to distance on the sound ray signal depending
on the depth of the reflection position of the ultrasonic wave,
and then performs envelope detection processing to produce
a B-mode image signal which is tomographic image informa-
tion relating to the tissues of the subject.

[0032] The DSC 5 converts (raster-converts) the B-mode
image signal produced by the signal processor 4 to an image
signal based on a normal television signal scanning system.

[0033] The image processor 6 performs various necessary
image processing, such as gradation processing, on the
B-mode image signal input from the DSC 5, and outputs the
processed B-mode image signal to the display controller 7 or
stores the processed B-mode image signal in the image
memory 9.

[0034] The signal processor 4, the DSC 5, the image pro-
cessor 6, and the image memory 9 constitute an ultrasound
image producer 16.

[0035] The display controller 7 causes the display unit 8 to
display an ultrasound diagnostic image on the basis of the
B-mode image signal subjected to the image processing by
the image processor 6.

[0036] The display unit 8 includes, for example, a display
device such as an LCD, and displays the ultrasound diagnos-
tic image under the control of the display controller 7.

[0037] The reception data memory 10 sequentially stores
reception data output from the reception circuit 3, and also
stores delay-corrected data produced by the signal processor
4

[0038] The reception data image producer 11 produces a
reception data image signal and a delay-corrected data image
signal, both of which represent luminance images of an ultra-
sonic echo wavefront, from reception data and delay-cor-
rected data stored in the reception data memory 10, respec-
tively, under the control of the controller 13.

[0039] The sound speed determination unit 12 provides a
predetermined set sound speed to the signal processor 4, and
also analyzes the B-mode image signal produced by the ultra-
sound image producer 16 and stored in the image memory 9
while changing the set sound speed to determine a sound
speed which gives the highest contrast or sharpness to the
image to be an optimum sound speed.
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[0040] The controller 13 controls the respective constitu-
ents of the ultrasound diagnostic apparatus on the basis of
commands input from the operation unit 14 by an operator.
[0041] The operating unit 14 is used when the operator
performs an input operation, and may be constituted by a
keyboard, a mouse, a trackball, a touch panel, or the like.
[0042] The storage unit 15 stores an operation program 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, an SD card, a CF card and a USB
memory, a servet, or the like.

[0043] The signal processor 4, the DSC 5, the image pro-
cessor 6, the display controller 7, the reception data image
producer 11, and the sound speed determination unit 12 are
constituted by a CPU and an operation program which causes
the CPU to perform various processing, but these may be
constituted by digital circuits.

[0044] Next, the operation of Embodiment 1 will be
described.
[0045] First, ultrasonic waves are transmitted from the plu-

rality of ultrasound transducers of the array transducer 1
according to a driving signal supplied from the transmission
circuit 2, a reception signal is output from each ultrasound
transducer with the reception of an ultrasonic echo from the
subject to the reception circuit 3, and reception data is pro-
duced by the reception circuit 3 and is sequentially stored in
the reception data memory 10.

[0046] Here, a predetermined first set sound speed Cl1 is
input from the sound speed determination unit 12 to the signal
processor 4, and the signal processor 4 reads out the plural
pieces of reception data stored in the reception data memory
10 and performs delay correction thereon according to the
sound speed C1 input from the sound speed determination
unit 12 to produce plural pieces of delay-corrected data. The
plural pieces of delay-corrected data are sequentially stored
in the reception data memory 10, and the signal processor 4
adds the plural pieces of delay-corrected data to produce a
sound ray signal, and performs the attenuation correction and
the envelope detection processing on the sound ray signal to
produce a B-mode image signal. The B-mode image signal is
raster-converted by the DSC 5, 1s subjected to various kinds of
image processing by the image processor 6, and is then stored
in the image memory 9.

[0047] If the B-mode image signal corresponding to the
first set sound speed C1 given from the sound speed determi-
nation unit 12 is produced by the ultrasound image producer
16 and is stored in the image memory 9, the sound speed
determination unit 12 outputs a second set sound speed C2
which is different from the first set sound speed C1 by a
predetermined amount to the signal processor 4. With this,
similarly to the above, a B-mode image signal corresponding
to the second set sound speed C2 is produced by the ultra-
sound image producer 16 and is stored in the image memory
9.

[0048] Inthis way, a plurality of set sound speeds C1 to Cn
are sequentially given from the sound speed determination
unit 12 to the signal processor 4, and a plurality of B-mode
image signals corresponding to the set sound speeds C1 to Cn
are produced by the ultrasound image producer 16 and are
stored in the image memory 9. Then, the sound speed deter-
mination unit 12 analyzes the B-mode image signals stored in
the image memory 9 and determines a sound speed which
gives the highest contrast or sharpness to the image to be an
optimum sound speed Cp. At this time, the analysis of the
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B-mode image signal is performed for each of a plurality of
divided regions of the ultrasound image, and the determina-
tion of the optimum sound speed Cp is performed for each
divided region.

[0049] Next, the optimum sound speed Cp of each divided
region is output from the sound speed determination unit 12 to
the signal processor 4, and a B-mode image signal is pro-
duced by the ultrasound image producer 16 using the opti-
mum sound speed Cp of each divided region. That is, delay
correction is performed on the reception data read out from
the reception data memory 10 according to the optimum
sound speed Cp of each divided region to produce delay-
corrected data, the delay-corrected data is stored in the recep-
tion data memory 10, and a B-mode image signal correspond-
ing to the optimum sound speed Cp is produced based on the
delay-corrected data. The B-mode image signal is output to
the display controller 7, and as shown in FIG. 2, an ultrasound
image G for diagnosis having the optimum sound speed is
displayed on the display unit 8.

[0050] Here, the operator operates the operating unit 14 to
designate one scan line S1 and a predetermined range P1 on
the scan line S1 in the ultrasound image G displayed on the
display unit 8.

[0051] Ifthe predetermined range P1 is designated, a com-
mand of reception data image production is output from the
controller 13 to the reception data image producer 11, plural
pieces of reception data corresponding to the predetermined
range P1 are read out from the reception data memory 10 by
the reception data image producer 11, and a reception data
image signal is produced using these plural pieces of recep-
tion data. The reception data image signal is raster-converted
by the DSC 5, is subject to various kinds of image processing
by the image processor 6, and is then output to the display
controller 7 to display a reception data image D1 on the
display unit 8, as shown in FIG. 3.

[0052] Thereception dataimage D1 is obtained by imaging
reception data from each ultrasound transducer which
receives an ultrasonic echo from the predetermined range P1,
and the imaging is performed such that the horizontal axis
direction indicates the number of channels of each ultrasound
transducer of the array transducer 1 and the vertical axis
direction indicates the measurement depth direction in the
predetermined range P1 on the scan line S1. The reception
data image D1 represents a luminance image of an ultrasonic
echo wavefront.

[0053] Inthis way,as shown in FIG. 4, the ultrasound image
G for diagnosis is displayed on the display unit 8, and the
reception data image D1 is displayed in a data image display
region R1 divided adjacent to the ultrasound image G.
[0054] As described above, according to Embodiment 1,
not only a high-quality ultrasound image G can be obtained
using the optimum sound speed Cp determined for each
divided region, but also a reception data image D1 represent-
ing a luminance image of an ultrasonic echo wavefront is
displayed using reception data corresponding to a designated
predetermined range P1, whereby itis possible to easily grasp
information which is inherent in the ultrasonic echo and can-
not be obtained from the ultrasound image.

Embodiment 2

[0055] In Embodiment 1, since delay-corrected data
obtained through delay correction in accordance with the
optimum sound speed Cp of each divided region for reception
data by the signal processor 4 is stored in the reception data
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memory 10, it is possible to produce an optimum sound speed
delay-corrected data image using the delay-corrected data.
[0056] In Embodiment 2, similarly to the production of the
reception data image D1, first, delay-corrected data subjected
to delay correction with optimum sound speed is read out
from the reception data memory 10 and an optimum sound
speed delay-corrected data image signal is produced by the
reception data image producer 11. The optimum sound speed
delay-corrected data image signal is raster-converted by the
DSC 5, is subjected to various kinds of image processing by
the image processor 6, and is then output to the display
controller 7 to display an optimum sound speed delay-cor-
rected data image E11, as shown in FIG. 5. In FIG. §, it is
assumed that the optimum sound speed in the predetermined
range P1 is 1500 m/s.

[0057] The optimum sound speed delay-corrected data
image E11 is obtained by imaging the data obtained after
delay correction of reception data from each ultrasound trans-
ducer which receives an ultrasonic echo from the predeter-
mined range P1, and similarly to the reception data image D1,
the imaging is performed such that the horizontal axis direc-
tion indicates the number of channels of each ultrasound
transducer of the array transducer 1 and the vertical axis
direction indicates the measurement depth direction in the
predetermined range P1 on the scan line S1. The optimum
sound speed delay-corrected data image E11 represents a
luminance image of an ultrasonic echo wavefront.

[0058] Then, as shown in FIG. 6, the reception data image
D1 and the optimum sound speed delay-corrected data image
E11aredisplayed in the data image display region R1 divided
adjacent to the ultrasound image G. At this time, the value of
the optimum sound speed, 1500 m/s, is also displayed along
with the optimum sound speed delay-corrected data image
F11.

[0059] The operator confirms the optimum sound speed
delay-corrected data image E11 subjected to delay correction
with the optimum sound speed along with the confirmation of
the reception data image D1, thereby more easily grasping
information inherent in the ultrasonic echo.

[0060] In the determination of the optimum sound speed,
plural pieces of delay-corrected data obtained through
respective delay corrections according to the set sound speeds
which are changed by a predetermined amount by the sound
speed determination unit 12 are stored in the reception data
memory 10. Accordingly, two peripheral sound speed delay-
corrected data images may be produced using two pieces of
delay-corrected data subjected to delay corrections with
peripheral sound speeds before and after the optimum sound
speed.

[0061] That is, two pieces of delay-corrected data subjected
to delay corrections with the peripheral sound speeds before
and after the optimum sound speed are read out from the
reception data memory 10 and the peripheral sound speed
delay-corrected data image signals are produced by the recep-
tion data image producer 11. The peripheral sound speed
delay-corrected data image signals are raster-converted by
the DSC 5, are subjected to various kinds of image processing
by the image processor 6, and are then output to the display
controller 7 to display peripheral sound speed delay-cor-
rected data images E12 and E13, as shown in FIGS. 7A and
7B. In FIGS. 7A and 7B, the peripheral sound speed delay-
corrected data image E12 corresponding to a peripheral
sound speed of 1480 m/s which is lower than the optimum
sound speed of 1500 m/s in the predetermined range P1 by a

Jan. 22,2015

predetermined amount of 20 m/s, and the peripheral sound
speed delay-corrected data image E13 corresponding to a
peripheral sound speed of 1520 m/s which is higher than the
optimum sound speed of 1500 m/s by a predetermined
amount of 20 m/s are shown.

[0062] The peripheral sound speed delay-corrected data
images E12 and E13 are obtained by imaging the two pieces
of data obtained after respective delay corrections of recep-
tion data from each ultrasound transducer which receives an
ultrasonic echo from the predetermined range P1, and simi-
larly to the above, the imaging is performed such that the
horizontal axis direction indicates the number of channels of
each ultrasound transducer of the array transducer 1 and the
vertical axis direction indicates the measurement depth direc-
tion in the predetermined range P1 on the scan line S1. Both
the peripheral sound speed delay-corrected data images E12
and E13 represent luminance images of an ultrasonic echo
wavefront.

[0063] Then, as shown in FIG. 8. the peripheral sound
speed delay-corrected data images E12 and E13 are displayed
in the data image display region R1 divided adjacent to the
ultrasound image G along with the reception data image D1
and the optimum sound speed delay-corrected data image
E11. At this time, the values of the peripheral sound speeds,
1480 m/s and 1520 m/s, are respectively displayed along with
the peripheral sound speed delay-corrected data images E12
and E13.

[0064] The operator can observe the sound speed tendency
at a local position on the scan line S1 with reference to the
peripheral sound speed delay-corrected data images E12 and
E13, and can recognize information inherent in the ultrasonic
echo in more detail.

Embodiment 3

[0065] In Embodiments 1 and 2, one predetermined range
P1 is designated in the ultrasound image G by the operator,
and the reception data image D1 corresponding to the prede-
termined range P1 is produced and displayed on the display
unit 8, or the data images including the reception data image
D1, the optimum sound speed delay-corrected data image
E11, and further the peripheral sound speed delay-corrected
data images E12 and E13 which correspond to the predeter-
mined range P1 are produced and displayed on the display
unit 8. But, a plurality of predetermined ranges may be des-
ignated in the ultrasound image G and data images corre-
sponding to the respective predetermined ranges may be pro-
duced.

[0066] For example, as shown in FIG. 9, two ranges of a
predetermined range P1 on a scanline S1and a predetermined
range P2 on a scan line S2 in ultrasound image G may be
designated, and data images corresponding to the predeter-
mined range P1 and data images corresponding to the prede-
termined range P2 may be produced and displayed on the
display unit 8.

[0067] As shown in FIG. 10, two data image display
regions R1 and R2 are divided adjacent to the ultrasound
image G of the display unit 8, a reception data image D1, an
optimum sound speed delay-corrected data image E11, and
peripheral sound speed delay-corrected data images E12 and
E13 corresponding to the predetermined range P1 are dis-
played in the data image display region R1, and a reception
data image D2, an optimum sound speed delay-corrected data
image E21, and peripheral sound speed delay-corrected data
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images F22 and E23 corresponding to the predetermined
range P2 are displayed in the data image display region R2.
[0068] Inthisway,dataimages corresponding to a plurality
of predetermined ranges are displayed, whereby it is possible
to compare and observe the plurality of predetermined ranges
simultaneously and to perform diagnosis with higher preci-
sion.

[0069] In FIG. 10, the reception data image, the optimum
sound speed delay-corrected data image, and the peripheral
sound speed delay-corrected data images are displayed for
each of the two predetermined ranges P1 and P2, but as a data
image, only a reception data image may be produced and
displayed for each predetermined range, or only a reception
data image and an optimum sound speed delay-corrected data
image may be produced and displayed for each predeter-
mined range.

[0070] Inaddition, the two predetermined ranges P1 and P2
are not necessarily positioned on the different scan lines S1
and S2, and may be positioned on the same scan line. The
number of predetermined ranges is not limited to two, and
three or more predetermined ranges may be designated and
data images may be produced and displayed for respective
predetermined ranges. Instead of simultaneously displaying
the data images of the two predetermined ranges P1 and P2,
the data images of the predetermined range P1 or the data
images of the predetermined range P2 may be switched and
displayed, thereby securing a sufficient display area of the
data images.

Embodiment 4

[0071] FIG. 11 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 4. The ultra-
sound diagnostic apparatus further includes a sound speed
map producer 17 in the apparatus of Embodiment 1 shown in
FIG. 1. The sound speed map producer 17 is connected to the
reception data memory 10, the sound speed determination
unit 12, and the DSC 5, and is also connected to the controller
13.

[0072] The sound speed map producer 17 calculates a local
sound speed value in a tissue of a subject to be diagnosed
based on the reception data stored in the reception data
memory 10 under the control of the controller 13, and pro-
duces a sound speed map.

[0073] Here, the calculation of the local sound speed value
can be performed by the method described in, for example, JP
2010-99452 A filed by the applicant of the present applica-
tion.

[0074] This method is based on the fact that as shown in
FIG. 12A, when focusing on a reception wave Wx reaching
the array transducer 1 from a lattice point X to be a reflection
point of a subject in transmitting an ultrasonic wave into the
subject, as shown in FIG. 12B, if a plurality of lattice points
Al, A2, . . . are arranged at regular intervals at positions
shallower than the lattice point X, that is, at positions closer to
the array transducer 1, a synthetic wave Wsum of reception
waves W1, W2, ... from the plurality of lattice points A1, A2,
.. . which receive a reception wave from the lattice point X
matches the reception wave Wx from the lattice point X by
Huygen’s principle, and in the method, a local sound speed
value at the lattice point X is calculated using the fact.
[0075] First, the optimum sound speed value is calculated
for all lattice points X, A1, A2, .. .. Here, the optimum sound
speed value is a sound speed value which gives the highest
contrast or sharpness to an ultrasound image when focus
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calculation and imaging are performed for each lattice point
based on the set sound speed to form an ultrasound image and
then the set sound speed is variously changed, and in Embodi-
ment 4, the value of the optimum sound speed determined by
the sound speed determination unit 12 can be used.
[0076] Next, the waveform of a virtual reception wave Wx
radiated from the lattice point X is calculated using the opti-
mum sound speed value for the lattice point X.
[0077] Further, a virtual synthetic wave Wsum of reception
waves W1, W2,. .. from the respective lattice points Al, A2,
. . is calculated while variously changing a virtual local
sound speed value V at the lattice point X. At this time, it is
assumed that the sound speed is uniform in a region Rxa
between the lattice point X and each of the lattice points Al,
A2, ..., andis equal to the local sound speed value V at the
lattice point X. The time until an ultrasonic wave propagating
from the lattice point X reaches the each of the lattice points
Al,A2, ... becomes XA1/V, XA2/V,....Here, XAl, XA2,
... refer to the distances between the respective lattice points
Al, A2, . .. and the lattice point X. Accordingly, the virtual
synthetic wave Wsum can be calculated by synthesizing
reflected waves radiated from the lattice points A1, A2, . ..
while being delayed by the time XA1/V, XA2/V, . ...
[0078] Next, errors between a plurality of virtual synthetic
waves Wsum which are calculated by variously changing the
virtual local sound speed value V at the lattice point X and the
virtual reception wave Wx from the lattice point X are calcu-
lated, and the virtual local sound speed value V having the
minimum error is determined to be the local sound speed
value at the lattice point X. Here, as the calculation method of
the error between the virtual synthetic wave Wsum and the
virtual reception wave Wx from the lattice point X, a method
which calculates the cross-correlation therebetween, a
method which multiplies the reception wave Wx and the
delay obtained from the synthetic wave Wsum to perform
phase matching addition, a method which multiplies the syn-
thetic wave Wsum and the delay obtained from the reception
wave Wx to perform phase matching addition, or the like may
be adopted.
[0079] In this manner, it is possible to calculate the local
sound speed value in the subject with high precision based on
the reception data stored in the reception data memory 10.
Similarly, it is possible to produce a sound speed map repre-
senting the distribution of the local sound speed value in a set
region of interest.

[0080] Next, the operation of Embodiment 4 will be
described.
[0081] First, similarly to Embodiment 2, as shown in FIG.

13, the ultrasound image G is displayed on the display unit 8,
and the reception data image D1, the optimum sound speed
delay-corrected data image F11, and the peripheral sound
speed delay-corrected data image E12 and E13 are displayed
in the data image display region R1 divided adjacent to the
ultrasound image G.

[0082] Here, if the operator operates the operating unit 14
to set a region of interest on the ultrasound image G, the sound
speed map producer 17 produces a sound speed map in the
region of interest based on the reception data stored in the
reception data memory 10. The sound speed map is sent from
the sound speed map producer 17 to the DSC 5, and is dis-
played on the ultrasound image G of the display unit 8 in a
superposed manner as a sound speed map image M through
the image processor 6 and the display controller 7. As the
sound speed map image M, for example, a map in which a
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local sound speed value of each place in a region of interest is
displayed in color may be used.

[0083] In this way, not only the data images, such as the
reception data image D1, but also the sound speed map image
M are displayed along with the ultrasound image G, whereby
it becomes easy to search for a position to be fully observed
based on the sound speed distribution, and thus, it is possible
to improve the precision and efficiency of diagnosis.

[0084] In Embodiment 4, the sound speed map image M is
displayed on the ultrasound image G in a superposed manner,
but as shown in FIG. 14, the sound speed map image M may
be displayed in parallel with the ultrasound image G on the
display unit 8.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an array transducer;

a transmission circuit which transmits an ultrasonic beam
from the transducer array toward a subject;

a reception circuit which electrically processes reception
signals output from the transducer array having received
an ultrasonic echo from the subject to obtain reception
data;

a reception data memory which stores the reception data;

an ultrasound image producer which produces an ultra-
sound image from the reception data based on a prede-
termined set sound speed,

a display unit configured to display the ultrasound image
produced by the ultrasound image producer;

a reception data image producer which produces a recep-
tion data image representing a luminance image of an
ultrasonic echo wavefront from the reception data cor-
responding to a predetermined range on at least one scan
line in the ultrasound image;

a sound speed determination unit configured to determine
an optimum sound speed based on ultrasound images
respectively produced by the ultrasound image producer
while changing the predetermined set sound speed; and

a controller which makes an ultrasound image for diagno-
sis produced by the ultrasound image producer and the
reception data image produced by the reception data
image producer be displayed simultaneously on the dis-
play unit based on the optimum sound speed determined
by the sound speed determination unit.

2. The ultrasound diagnostic apparatus according to claim

wherein the ultrasound image producer includes a signal
processor which performs delay correction on the recep-
tion data at the predetermined sound speed to produce
delay-corrected data, and

the controller makes the reception data image producer
produce an optimum sound speed delay-corrected data
image from optimum sound speed delay-corrected data
produced by the signal processor based on the optimum
sound speed determined by the sound speed determina-
tion unit and makes the produced optimum sound speed
delay-corrected data image be displayed on the display
unit along with the ultrasound image for diagnosis and
the reception data image.

3. The ultrasound diagnostic apparatus according to claim

23

wherein the controller makes the reception data image
producer produce a peripheral sound speed delay-cor-
rected data image from peripheral sound speed delay-
corrected data produced by the signal processor based
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on a peripheral sound speed of the optimum sound speed
determined by the sound speed determination unit and
makes the produced peripheral sound speed delay-cor-
rected data image be displayed on the display unit along
with the diagnosis ultrasound image for diagnosis, the
reception data image, and the optimum sound speed
delay-corrected data image.
4. The ultrasound diagnostic apparatus according to claim
1, further comprising an operating unit configured to desig-
nate the predetermined range.
5. The ultrasound diagnostic apparatus according to claim
45
wherein a plurality of predetermined ranges are designated
on the same scan line or on a plurality of scan lines
through the operating unit, and
the controller makes a plurality of reception data images
produced by the reception data image producer corre-
sponding to the plurality of predetermined ranges be
displayed on the display unit.
6. The ultrasound diagnostic apparatus according to claim
5,
wherein the controller makes a plurality of optimum sound
speed delay-corrected data images produced by the
reception data image producer corresponding to the plu-
rality of predetermined ranges be displayed on the dis-
play unit.
7. The ultrasound diagnostic apparatus according to claim
65
wherein the controller makes a plurality of peripheral
sound speed delay-corrected data images produced by
the reception data image producer corresponding to the
plurality of predetermined ranges be displayed on the
display unit.
8. The ultrasound diagnostic apparatus according to claim
1,
wherein the sound speed determination unit determines an
optimum sound speed for each of a plurality of divided
regions of the ultrasound image.
9. The ultrasound diagnostic apparatus according to claim
8, further comprising:
asound speed map producer which produces a sound speed
map based on the optimum sound speed of each divided
region determined by the sound speed determination
unit,
wherein the controller makes the sound speed map pro-
duced by the sound speed map producer be displayed on
the display unit such that the sound speed map is dis-
played on the ultrasound image for diagnosis in a super-
posed manner or the sound speed map is displayed in
parallel with the ultrasound image for diagnosis.
10. A method of producing an ultrasound image, the
method comprising the steps of:
transmitting an ultrasonic beam from an array transducer
toward a subject;
electrically processing reception signals output from the
array transducer having received an ultrasonic echo
from the subject to acquire reception data;
producing an ultrasound image from the reception data
based on a predetermined set sound speed,;
determining an optimum sound speed based on ultrasound
images respectively produced while changing the pre-
determined set sound speed,
producing an ultrasound image for diagnosis based on the
determined optimum sound speed;
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producing a reception data image representing a luminance
image of an ultrasonic echo wavefront from the recep-
tion data corresponding to a predetermined range on at
least one scan line in the ultrasound image; and
simultaneously displaying the ultrasound image for diag-
nosis and the reception data image on a display unit.
11. The method of producing an ultrasound image accord-
ing to claim 10, further comprising the steps of:
producing optimum sound speed delay-corrected data by
performing delay corrections on the reception data in
accordance with the determined optimum sound speed;
producing an optimum sound speed delay-corrected data
image from the produced optimum sound speed delay-
corrected data; and
displaying the produced optimum sound speed delay-cor-
rected data image along with the ultrasound image for
diagnosis and the reception data image on the display
unit.
12. The method of producing an ultrasound image accord-
ing to claim 11, further comprising the steps of:
producing peripheral sound speed delay-corrected data by
performing delay corrections on the reception data in
accordance with a peripheral sound speed of the deter-
mined optimum sound speed;
producing a peripheral sound speed delay-corrected data
image from the produced peripheral sound speed delay-
corrected data; and
displaying the produced peripheral sound speed delay-
corrected data image along with the ultrasound image
for diagnosis, the reception data image and the optimum
sound speed delay-corrected data image on the display
unit.
13. The method of producing an ultrasound image accord-
ing to claim 10, further comprising the steps of:
designating a plurality of predetermined ranges on the
same scan line or on a plurality of scan lines; and
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displaying a plurality of reception data images produced
corresponding to the plurality of predetermined ranges
on the display unit.

14. The method of producing an ultrasound image accord-
ing to claim 13, further comprising the steps of:

producing a plurality of optimum sound speed delay-cor-

rected data images corresponding to the plurality of
predetermined ranges; and

displaying the plurality of optimum sound speed delay-

corrected data images on the display unit.

15. The method of producing an ultrasound image accord-
ing to claim 14, further comprising the steps of:

producing a plurality of peripheral sound speed delay-

corrected data images corresponding to the plurality of
predetermined ranges; and

displaying the plurality of peripheral sound speed delay-

corrected data images on the display unit.

16. The method of producing an ultrasound image accord-
ing to claim 10, wherein determining of the optimum sound
speed is performed for each of a plurality of divided regions
of the ultrasound image.

17. The method of producing an ultrasound image accord-
ing to claim 16, further comprising the steps of:

producing a sound speed map based on the optimum sound

speed of each divided region; and

displaying the produced sound speed map on the display

unit such that the sound speed map is displayed on the
ultrasound image for diagnosis in a superposed manner.

18. The method of producing an ultrasound image accord-
ing to claim 16, further comprising the steps of:

producing a sound speed map based on the optimum sound

speed of each divided region; and

displaying the produced sound speed map on the display

unit such that the sound speed map is displayed in par-
allel with the ultrasound image for diagnosis.
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