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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF PRODUCING
ULTRASOUND IMAGE

BACKGROUND OF THE INVENTION

[0001] 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 transmission and reception of ultrasonic
waves with respect to a transducer array of an ultrasound
probe to perform both B-mode image production and sound
speed measurement.

[0002] 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 embedded with a trans-
ducer array and an apparatus body connected to the ultra-
sound probe. An ultrasonic beam is transmitted from the
ultrasound probe toward a subject, an ultrasonic echo from
the subject is received by the ultrasound probe, and the recep-
tion signal is electrically processed by the apparatus body to
produce an ultrasound image.

[0003] In recent years, in order to diagnose a site under
diagnosis in the subject with satisfactory precision, sound
speed in the site under diagnosis is measured.

[0004] For example, JP 2010-99452 A describes an ultra-
sound diagnostic apparatus which sets a plurality of lattice
points in the vicinity of the site under diagnosis and calculates
a local sound speed value on the basis of reception data
obtained by transmitting and receiving an ultrasonic beam for
each lattice point.

SUMMARY OF THE INVENTION

[0005] In the apparatus of JP 2010-99452 A, an ultrasonic
beam is transmitted from the ultrasound probe toward the
subject and received by the ultrasound probe, thereby obtain-
ing the local sound speed value in the site under diagnosis. For
example, it becomes possible to display a B-mode image and
information of the local sound speed value in an overlapping
manner.

[0006] However, when a region of interest is set, and a
plurality of local sound speed values in a predetermined
region are obtained, a lot of time may be spent depending on
the positions of the set lattice points, or the like. An average
local sound speed value in the region of interest may not be
accurately calculated.

[0007] Ifthereis alesion portion in the site under diagnosis,
the intensity of an ultrasonic echo from the lesion portion is
lowered, and a low luminance region which is displayed black
on the B-mode image is formed. With regard to the low
luminance region, although there are many cases where it is
effective for diagnosis to measure a local sound speed value
as well as a B-mode image, since the intensity of the ultra-
sonic echo is low in the low luminance region, the reception
signal may be likely to be influenced by noise, making it
difficult to measure accurate sound speed.

[0008] Theinvention has been finalized in order to solve the
problems inherent in the related art, and an object of the
invention is to provide an ultrasound diagnostic apparatus and
a method of producing an ultrasound image capable of an
average local sound speed value in a region of interest in a
short time with satisfactory precision.
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[0009] An object of the invention is to provide an ultra-
sound diagnostic apparatus and a method of producing an
ultrasound image capable of accurately measuring a local
sound speed value of a low luminance region specified on a
B-mode image.

[0010] An ultrasound diagnostic apparatus according to a
first aspect of the invention comprises:

[0011] a transducer array;

[0012] a transmission circuit which transmits an ultrasonic
beam from, the transducer array toward a subject;

[0013] a reception circuit which processes reception sig-
nals output from the transducer array having received an
ultrasonic echo from the subject to produce reception data;
[0014] animage producer which produces a B-mode image
on the basis of reception data obtained by the reception cir-
cuit;

[0015] a region of interest setter which sets a region of
interest on the B-mode image produced by the image pro-
ducer;

[0016] a controller which controls the transmission circuit
and the reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmission
focuses at a plurality of points set on sound rays at a shallower
position and a deeper position than the region of interest set
by the region of interest setter to acquire reception data for
sound speed measurement; and

[0017] a sound speed calculator which calculates an aver-
age local sound speed value in the region of interest on the
basis of reception data for sound speed measurement,
[0018] wherein the points set at the shallower position are
set in a shallow point region which is determined depending
ona depth position of the region of interest, a length in a depth
direction of the region of interest, and a width of simulta-
neously available transducers for transmission of each ultra-
sonic beam in the transducer array.

[0019] An ultrasound diagnostic apparatus according to a
second aspect of the invention comprises:

[0020] a transducer array;

[0021] a transmission circuit which transmits an ultrasonic
beam from the transducer array toward a subject;

[0022] a reception circuit which processes reception sig-
nals output from the transducer array having received an
ultrasonic echo from the subject to produce reception data;
[0023] animage producer which produces a B-mode image
on the basis of reception data obtained by the reception cir-
cuit;

[0024] a region of interest setter which sets a region of
interest on the B-mode image produced by the image pro-
ducer;

[0025] alow luminance region detector which detects a low
luminance region having luminance equal to or lower than a
predetermined value in the region of interest set by the region
of interest setter;

[0026] a controller which controls the transmission circuit
and the reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmission
focuses at a plurality of points set at a shallower position and
a deeper position than the low luminance region detected by
the low luminance region detector to acquire reception data
for sound speed measurement; and

[0027] a sound speed calculator which calculates local
sound speed values of the low luminance region on the basis
of reception data for sound speed measurement on the
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assumption that sound speed is uniform between the shal-
lower position and the deeper position.

[0028] A method of producing an ultrasound image accord-
ing to a third aspect of the invention comprises the steps of:
[0029] transmitting an ultrasonic beam from a transducer
array toward a subject on the basis of driving signals supplied
from a transmission circuit;

[0030] processing reception signals output from the trans-
ducer array having received an ultrasonic echo from the sub-
ject by a reception circuit to produce reception data;

[0031] producing a B-mode image on the basis of obtained
reception data;

[0032] setting a region of interest on the produced B-mode
image;
[0033] setting a plurality of points on sound rays at a shal-

lower position and a deeper position than the set region of
interest, the points set at the shallower position being set in a
shallow point region which is determined depending on a
depth position of the region of interest, a length in a depth
direction of the region of interest, and a width of the simul-
taneously available transducers for transmission of each
ultrasonic beam the transducer array;

[0034] performing transmission and reception of ultrasonic
beams with forming transmission focuses at the set points to
acquire reception data for sound speed measurement; and
[0035] calculating an average local sound speed value of
the region of interest on the basis of acquired reception data
for sound speed measurement.

[0036] A method of producing an ultrasound image accord-
ing to a fourth aspect of the invention comprises the steps of:
[0037] transmitting an ultrasonic beam from a transducer
array toward a subject on the basis of driving signals supplied
from a transmission circuit;

[0038] processing reception signals output from the trans-
ducer array having received an ultrasonic echo from the sub-
ject by a reception circuit to produce reception data;

[0039] producing a B-mode image on the basis of obtained
reception data;

[0040] setting a region of interest on the produced B-mode
image;
[0041] detecting a low luminance region having luminance

equal to or lower than a predetermined value in the region of
interest;

[0042] setting a plurality of points at a shallower position
and a deeper position than the detected low luminance region;
[0043] performing transmission and reception of ultrasonic
beams with forming transmission focuses at the set points to
acquire reception data for sound speed measurement; and
[0044] calculating local sound speed values of the low
luminance region on the basis of acquired reception data for
sound speed measurement on the assumption that sound
speed is uniform between the shallower position and the
deeper position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG.1isablock diagram showing the configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment of the invention.

[0046] FIGS. 2A and 2B are diagrams schematically show-
ing the principle of sound speed calculation in Embodiment 1.
[0047] FIG. 3 is a diagram showing set lattice points in
Embodiment 1.

[0048] FIG.4A isadiagram showing the positions of lattice
points set for a region of interest at a shallow position, and
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FIG. 4B is a diagram showing the positions of lattice points
set for a region of interest at a deep position.

[0049] FIG.5A is adiagram showing the positions of lattice
points set for a short region of interest in a depth direction, and
FIG. 5B is a diagram showing the positions of lattice points
set for a long region of interest in a depth direction.

[0050] FIG. 6A is adiagram showing the positions of lattice
points set when an ultrasonic beam with a short width of
simultaneously available transducers for transmission is
transmitted and received, and FIG. 6B is a diagram showing
the positions of lattice points set when an ultrasonic beam
with long width of simultaneously available transducers for
transmission is transmitted and received.

[0051] FIG. 7 is a diagram showing set lattice points in
Embodiment 2.
[0052] FIG. 8 is a diagram showing a sequence in which a

transmission focus of an ultrasonic beam is formed at each
lattice point in Embodiment 3.

[0053] FIG. 9is ablock diagram showing the configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 4.

[0054] FIG. 10 is a diagram showing set lattice points in
Embodiment 4.
[0055] FIG. 11 is a diagram showing set lattice points in a

modification of Embodiment 4.

[0056] FIG. 12 is a diagram showing set lattice points in a
modification of Embodiment 4.

[0057] FIG. 13A is a diagram showing the positions of
lattice points set when a short low luminance region in a depth
direction is provided in Embodiment 5, and FIG. 13B is a
diagram showing the positions of lattice points set when a
long low luminance region in a depth direction is provided in
Embodiment 5.

[0058] FIG. 14 is a diagram showing set lattice points in
Embodiment 6.

DETAILED DESCRIPTION OF THE INVENTION

[0059] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.

Embodiment 1

[0060] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. The ultrasound diagnostic apparatus includes a
transducer array 1, and a transmission circuit 2 and a recep-
tion circuit 3 are connected to the transducer array 1. A signal
processor 4, a DSC (Digital Scan Converter) 5, an image
processor 6, a display controller 7, and a monitor 8 are
sequentially connected to the reception circuit 3. An image
memory 9 is connected to the image processor 6. A reception
data memory 10 and a sound speed calculator 11 are con-
nected to the reception circuit 3.

[0061] A controller 12 is connected to the signal processor
4, the DSC 5, the display controller 7, the reception data
memory 10, and the sound speed calculator 11. An operating
unit 13 and a storage unit 14 are connected to the controller
12.

[0062] The transducer array 1 has a plurality of ultrasound
transducers arranged in a one-dimensional or two-dimen-
sional manner. These ultrasound transducers transmit ultra-
sonic waves in response to driving signals supplied from the
transmission circuit 2, receive an ultrasonic echo from the
subject, and output reception signals. Each ultrasound trans-
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ducer is constituted by a vibrator in which electrodes are
formed at both ends of a piezoelectric body made of piezo-
electric ceramic represented by PZT (Pb (lead) zirconate
titanate), a polymer piezoelectric device represented by
PVDF (polyvinylidene difluoride), piezoelectric single crys-
tal represented by PMN-PT (lead magnesium niobate-lead
titanate solid solution), or the like.

[0063] Ifa pulsed or continuous-wave voltage is applied to
the electrodes of the vibrator, the piezoelectric body expands
and contracts. Pulsed or continuous-wave ultrasonic waves
are produced from the vibrators and synthesized to form an
ultrasonic beam. When receiving the propagating ultrasonic
waves, the vibrators produce electric signals, and the electric
signals are output as the reception signals of the ultrasonic
waves.

[0064] The transmission circuit 2 includes, for example, a
plurality of pulsars. The transmission circuit 2 adjusts the
delay amount of each of the driving signals on the oasis of a
transmission delay pattern selected in response to control
signals from the controller 12 such that ultrasonic waves
transmitted from a plurality of ultrasound transducers of the
transducer array 1 form an ultrasonic beam, and supplies the
driving signals to a plurality of ultrasound transducers.
[0065] The reception circuit 3 amplifies the reception sig-
nal transmitted from each ultrasound transducer of the trans-
ducer array 1 and performs A/D conversion to produce recep-
tion data.

[0066] The signal processor 4 performs a reception focus
process by giving the delay to each piece of reception data in
accordance with sound speed or the distribution of sound
speed set on the basis of a reception delay pattern selected in
response to a control signal from the controller 12 for recep-
tion data produced by the reception circuit 3 and adding
reception data. The focus of the ultrasonic echo is narrowed to
produce a sound ray signal. The signal processor 4 corrects
attenuation depending on the distance in accordance with the
depth of the reflection position of the ultrasonic wave, and
performs an envelope detection process, thereby producing a
B-mode image signal which is tomographic image informa-
tion relating to the tissue of the subject.

[0067] 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 scan system.

[0068] The image processor 6 performs various necessary
image processes, such as a gradation process, on the B-mode
image signal input from the DSC 5, and then outputs the
B-mode image signal to the display controller 7 or stores the
B-mode image signal in the image memory 9.

[0069] The signal processor 4, the DSC 5, the image pro-
cessor 6, and the image memory 9 form an image producer 15.
[0070] The display controller 7 displays an ultrasound
diagnostic image on the monitor 8 on the basis of the B-mode
image signal subjected to the image process by the image
processor 6.

[0071] The monitor 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.
[0072] The reception data memory 10 stores reception data
output from the reception circuit 3 in time series for each
channel. The reception data memory 10 stores information
(for example, parameters representing the depth of the reflec-
tion position of the ultrasonic wave, the density of the scan
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lines, and the width of the field of vision) relating to a frame
rate input from the controller 12 in association with reception
data.

[0073] The sound speed calculator 11 calculates a local
sound speed value on the basis of reception data stored in the
reception data memory 10 under the control of the controller
12.

[0074] The controller 12 controls the respective units of the
ultrasound diagnostic apparatus on the basis of a command
input from the operating unit 13 by the operator.

[0075] The operating unit 13 is used when the operator
performs an input operation, and constitutes a region of inter-
est setter of the invention. The operating unit 13 may be a
keyboard, a mouse, a trackball, a touch panel, or the like.
[0076] The storage unit 14 stores an operation program or
the like, and as a recording medium in the storage unit 30, a
recording medium, such as a hard disk, a flexible disk, an MO,
an MT, aRAM, a CD-ROM, a DVD-ROM, an SD card, a CF
card, or a USB memory, a server, or the like may be used.
[0077] The signal processor 4, the DSC 5, the image pro-
cessor 6 the display controller 7, and the sound speed calcu-
lator 11 are constituted by a CPU and an operation program
which causes the CPU to perform various processes, and
these may be constituted by digital circuits.

[0078] The operator can select one of the following three
display modes from the operating unit 13. That is, display can
be performed in a desired mode from among a mode in which
a B-mode image is displayed alone, a mode in which an
average local sound speed value in a region of interest is
displayed on a B-mode image in an overlapping manner, and
a mode in which a B-mode image and an average local sound
speed value in a region of interest are displayed in parallel.
[0079] When displaying a B-mode image, first, ultrasonic
waves are transmitted from a plurality of ultrasound trans-
ducers of the transducer array 1 in response to driving signals
supplied from the transmission circuit 2. A reception signal
from each ultrasound transducer having received an ultra-
sonic echo from the subject is output to the reception circuit 3,
and reception data is produced by the reception circuit 3. A
B-mode image signal is produced by the signal processor 4 to
which reception data is input, and the B-mode image signal is
raster-converted by the DSC 5. The B-mode image signal is
subjected to various image processes by the image processor
6, and then an ultrasound diagnostic image is displayed on the
monitor 8 on the basis of the B-mode image signal by the
display controller V.

[0080] The calculation of a local sound speed value can be
performed by, for example, the method described in JP 2010-
99452 A filed in the name of this applicant.

[0081] As shown in FIG. 2A, according to this method,
when the ultrasonic waves are transmitted into the subject, a
received wave Wx which reaches the transducer array 1 from
a lattice point X as a reflection point of the subject is focused.
Then, as shown in FIG. 2B, a plurality of lattice points A1, A2,
... arearranged at regular intervals at positions shallower than
the lattice point X, that is, at positions close to the transducer
array 1. A synthesized wave Wsum of received waves W1,
W2, ... from a plurality of lattice points A1, A2, .. . having
received the received wave from the lattice point X coincides
with a received wave Wx from the lattice point X by the
Huygens principle, and with the use of this point, the local
sound speed value is obtained at the lattice point X.

[0082] First, the optimum sound speed values of all the
lattice points X, A1,A2, ... are obtained. The optimum sound
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speed value is a speed sound value such that imaging is
performed with focus calculation based on the set speed
sound for each lattice point to form an ultrasound image, and
when the set sound speed changes in various ways, contrast of
an image and sharpness become highest. For example, as
described in JP 8-317926 A, the optimum sound speed value
can be determined on the basis of contrast of an image, a
spatial frequency in a scan direction, dispersion, or the like.

[0083] Next, the waveform of the virtual received wave Wx
emitted from the lattice point X is calculated using the opti-
mum sound speed value for the lattice point X.

[0084] A virtual local sound speed value V at the lattice
point X changes in various ways to calculate the virtual syn-
thesized wave Wsum of the received waves W1, W2, . . . from
the lattice points A1, A2, . ... 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 A1, A2, ..., and is equal
to the local sound speed value V at the lattice point X. The
time until the ultrasonic wave propagating from the lattice
point X reaches the lattice points A1, A2, . . . becomes XA1/V,
XA2/V, . ... XAl, XA2, . .. are the distance between the
respective lattice points A1, A2, . . . and the lattice point X.
Accordingly, reflected waves emitted from the lattice points
Al,A2, ... with the delay of the time XA1/V, XA2/V, ... are
synthesized, thereby obtaining the virtual synthesized wave
Wsum.

[0085] Next, errors between a plurality of virtual synthe-
sized waves Wsum calculated by changing the virtual local
sound speed value V at the lattice point and the virtual
received wave Wx from the lattice point X are calculated, and
the virtual local sound speed value V with the minimum error
is determined as the local sound speed value at are at the
lattice point X. As the method of calculating the error between
the virtual synthesized wave Wsum and the virtual received
wave Wx from the lattice point X, a method in which an
intercorrelation is made, a method in which phase matching
addition is performed while the delay obtained from the syn-
thesized wave Wsum is applied to the received wave Wx, a
method in which phase matching addition is performed while
the delay obtained from the received Wx is applied to the
synthesized wave Wsum, or the like may be used.

[0086] In the above-described manner, it is possible to cal-
culate the local speed sound value in the subject on the basis
ofreception data produced by the reception circuit 3 with high
precision. Similarly, it is possible to produce the sound speed
map which represents the distribution of the local sound
speed values in the set region of interest.

[0087] A method of setting lattice points in Embodiment 1

will be described with reference to FIG. 3. In FIG. 3, for
simplification, the transducer array 1 is shown in which nine
ultrasound transducers are arranged, and sound rays S1 to S9
are formed at the array pitch of the ultrasound transducers. A
region R of interest having a width Wr in the azimuth direc-
tion and vertical length H in the depth direction stretches over
the sound rays S4 to S6. A shallowest portion has a depth 91
and a deepest portion has a depth 92.

[0088] With regard to the region R of interest, lattice points
are set at a shallow position from the region R of interest, that
is, at a position close to the transducer array 1 and at a deep
position from the region R of interest, that is, on a sound ray
opposite to the transducer array 1. In FIG. 3, a plurality of
lattice points E1 indicated by “@” are set on the sound rays S2
to S8 at a shallow position from the region R of interest and
adjacent positions in the azimuth direction, and a plurality of
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lattice points E2 indicated by “A” are set on the sound rays S4
to S6 at a deep position from the region R of interest and
adjacent positions in the azimuth direction. At this time, the
lattice points E1 set at a shallow position from the region R of
interest are set in a shallow lattice point region which is
determined in accordance with a depth D1 of the shallowest
portion of the region R of interest, a vertical length H in the
depth direction of the region R of interest, and a width of
simultaneously available transducers for transmission of each
ultrasonic beam in the transducer array 1. On the assumption
that the sound speed in the region between each of the lattice
points E2 set at the deep position and a plurality of lattice
points E1 set at the shallow position is uniform, the local
sound speed values between the regions are calculated, and
the average local sound speed value in the region R of interest
is calculated.

[0089] Next, the operation of Embodiment 1 will be
described.
[0090] First, an ultrasonic beam is transmitted from a plu-

rality of ultrasound transducers of the transducer array 1 in
response to the driving signal from the transmission circuit 2,
and the reception signal from each ultrasound transducer
having received an ultrasonic echo from the subject is output
to the reception circuit 3 to produce reception data. The dis-
play controller 7 displays a B-mode image is displayed on the
monitor 8 on the basis of a B-mode image signal produced by
the image producer 15.

[0091] If the B-mode image is displayed on the monitor 8,
the operator operates the operating unit 13 to set the region R
of'interest on the B-mode image, and as shown in FIG. 3, the
controller 12 sets the lattice points E2 on all the sound rays S4
to S6 passing through the region R of interest at the deep
position from the region R of interest. Subsequently, the
controller 12 sets a shallow lattice point region having a width
Wg in the azimuth direction at a shallow position from the
region R of interest, and the lattice points E1 are set on all the
sound rays S2 to S8 passing through the shallow lattice point
region.

[0092] The shallow lattice point region is set to fall within
the region of either ultrasonic beam which is transmitted and
received when a transmission focus is formed at each of the
lattice points E2 set at the deep position, such that the lattice
points E1 can be set only at a position necessary for obtaining
a synthesized of received waves with little distortion when
transmitting and receiving the ultrasonic beam B. This is
because a synthesized wave of received waves from a plural-
ity of lattice points E1 at the shallow position having received
areceived wave from the lattice point E2 at the deep position
coincides with the received wave from the lattice point E2 by
the Huygens principle, and with the use of this point, the local
sound speed values are calculated. If the shallow lattice point
region is set in the above-described manner, when AW=Wg—
Wr, AW:H=Wa:(H+D1) is established, and the relational
expression Wg=Wr+Wa/(1+(D1/H)) is obtained. That is, the
width Wg of the shallow lattice point region is determined in
an optimum range according to the depth position D1 of the
region R of interest, the length H in the depth direction of the
region R of interest, and the width Wa of simultaneously
available transducers for transmission of each ultrasonic
beam in the transducer array 1.

[0093] Inthis way, the controller 12 performs control such
that the transmission circuit 2 and the reception circuit 3 form
atransmission focus at each of the lattice points E1 and E2 set
with the region R of interest interposed therebetween in the



US 2012/0245468 Al

depth direction, sequentially perform transmission and recep-
tion of the ultrasonic beam B for sound speed measurement,
and acquire received waves from the lattice points E1 and E2.

[0094] Reception data for sound speed measurement pro-
duced by the reception circuit 3 each time the ultrasonic beam
B is received is sequentially stored in the reception data
memory 10. If reception data for sound speed measurement
acquired through transmission and reception of the ultrasonic
beam B when a transmission focus is formed at all the lattice
points E1 and E2 is stored in the reception data memory 10,
the sound speed calculator 11 assumes that the sound speed in
each region between each of the lattice points E2 set at the
deep position and a plurality of lattice points E1 set at the
shallow position, calculates the local sound speed values of
the respective regions using reception data for sound speed
measurement stored in the reception data memory 10, and
averages the local sound speed values to calculate and store
the average local sound speed value in the region R of interest.

[0095] At this time, as described with reference to FIG. 2B,
a synthesized wave of received waves from a plurality of
lattice points E1 at the shallow position having received a
received wave from one lattice point from among the lattice
points E2 at the deep position coincides with a received wave
received from one lattice point E2 by the Huygens principle.
With the use of this point, the local sound speed values of the
region between the lattice points E1 and E2 are calculated.

[0096] Thesound speedcalculator 11 defines the average of
the thus-calculated local sound speed values of the region
between each of the lattice points E2 and the lattice point E1
as the average local sound speed value of the region R of
interest.

[0097] The setting of the length Wg of the shallow lattice
point region is performed as follows, for example.

[0098] When the values of the length H in the depth direc-
tion of the region R of interest and the width Wa of simulta-
neously available transducers for transmission of each ultra-
sonic beam B are fixed, and the value of the depth position D1
of the region R of interest is changed, and when the region A
of interest is at the depth position D1 shown in FIG. 4A, the
shallow lattice point region is set to include the sound rays S2
to S8. Meanwhile, as the depth position D1 of the region R of
interest is deepened, the region width of the ultrasonic beam
B which is transmitted and received when a transmission
focus is formed at the lattice point E2 is shortened, and the
shallow lattice point region is set to be short. When the region
A ofinterest is at the depth position D1 shown in FIG. 4B, the
shallow lattice point region is set to include the sound rays S3
to S7.

[0099] When the values of the depth position D1 of the
region R of interest and the width ha of simultaneously avail-
able transducers for transmission of each ultrasonic beam B
are fixed, and the value of the length H in the depth direction
of the region R of interest is changed, and when the region R
of interest has the length H shown in FIG. 5A, the shallow
lattice point region is set to include the sound rays S3 to S7.
Meanwhile, as the length H in the depth direction of the
region R of interest is extended, the region width of the
ultrasonic beam B which is transmitted and received when a
transmission focus is formed at the lattice point E2 is
extended, and the shallow lattice point region is set to be long.
When the region R of interest has the length H shown in FIG.
5B, the shallow lattice point region is set to include the sound
rays S2 to S8.
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[0100] When the values of the depth position D1 of the
region R of interest and the length H in the depth direction of
the region R of interest are fixed, and the value of the width
Wa of simultaneously available transducers for transmission
of each ultrasonic beam B is changed, and when the ultrasonic
beam B is transmitted and received with the width Wa having
the size shown in FIG. 6A, the shallow lattice point region is
set to include the sound rays S3 to S7. Meanwhile, as the
width Wa increases, the region width of the ultrasonic beam B
which is transmitted and received when a transmission focus
is formed at the lattice point E2 is extended, and the shallow
lattice point region is set to be long. When the width Wa
increases as shown in FIG. 6B, the shallow lattice point region
is set to include the sound rays S2 to S8.

[0101] In this way, with the setting of the region R of
interest, the lattice point E1 which is set at a shallow position
from the region R of interest and the lattice point E2 which is
set ata deep position from the region R of interest are set at the
optimum, positions. Therefore, becomes possible to calculate
the local sound speed values and the average local sound
speed value in the region R of interest a short time with
satisfactory precision.

Embodiment 2

[0102] In Embodiment 1, a configuration may be made in
which the average local sound speed value in the region R of
interest is measured, and the sound speed map in the region R
of interest is produced.

[0103] For example, as shown in FIG. 7, if a region R of
interest is set on a B-mode image by an operation from the
operating unit 13, the controller 12 sets lattice point E1 and
E2 at a shallow position and a deep position from the region
R of interest, and sets a plurality of lattice points E3 for a
sound speed map indicated by “I” in the azimuth direction at
a position D3 between the lattice points E1 and E2. It is
preferable that the lattice point E3 for a sound speed map is set
to fall within the region of either ultrasonic beam B transmit-
ted and received when a transmission focus is formed at each
lattice point E2 set at a shallow position.

[0104] Subsequently, the controller 12 performs control
such that the transmission circuit 2 and the reception circuit 3
form a transmission focus at each of the lattice points E1 and
E2 and the lattice points E3 for a sound speed map, and
sequentially perform transmission and reception of an ultra-
sonic beam for sound speed measurement, and reception data
for sound speed measurement produced by the reception cir-
cuit 3 is sequentially stored in the reception data memory 10.
AsinEmbodiment 1, the sound speed calculator 11 calculates
the local sound speed values and the average local sound
speed value in the region R of interest using reception data
relating to the lattice points E1 and E2 stored in the reception
data memory 10. Meanwhile, the sound speed calculator 11
calculates the local sound speed values of the lattice points
E1, E2, and E3 using reception data relating to the lattice
points E1 and E2 and reception data for a sound speed map
relating to the lattice points E3 for a sound speed map, and
produces the sound speed map in the region R of interest.
[0105] Data relating to the sound speed map produced by
the sound speed calculator 11 is raster-converted by the DSC
5, subjected to various processes in the image processor 6,
and sent to the display controller 7. The B-mode image and
the sound speed map are displayed on the monitor 8 in an
overlapping manner (for example, display where color or
luminance changes depending on the local sound speed value
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or display where points having the same local sound speed
value are connected by a line), or the B-mode image and the
sound speed map image are displayed in parallel on the moni-
tor 8 in accordance with the display mode from the operating
unit 13 by the operator.

[0106] Inthis way, it becomes possible to measure the local
sound speed values or the average local sound speed value in
the region R of interest and to perform both production of the
B-mode image and production of the sound speed map.

Embodiment 3

[0107] In Embodiments 1 and 2, the sequence may be set
such that, as the lattice points are at a short distance, the
ultrasonic beam B which is transmitted and received when a
transmission focus is formed at each lattice point set by the
controller 12 is transmitted and received at a short time inter-
val.

[0108] For example, with regard to lattice points shown in
FIG. 8, a transmission focus of an ultrasonic beam can be
formed in order of lattice points Ea, Ec, Ef, Ei, .. ., Eb, Ee, .
.., that is, a transmission focus of an ultrasonic beam can be
sequentially formed at the lattice points at the same depth in
the azimuth direction, and this can be repeated in the depth
direction. A transmission focus of an ultrasonic beam may be
formed in order of the lattice points Ea, Eb, Ec, Ed, Ee, . . .,
that is, a transmission focus of an ultrasonic beam may be
formed at the lattice points set on the same sound ray, and this
may be repeated for each sound ray.

[0109] In this way, transmission and reception of an ultra-
sonic beam are performed when a transmission focus formed
sequentially from a lattice point at a snort distance, thereby
obtaining a reception signal of a lattice point at a short dis-
tance at a short time interval and more accurately measuring
the average local sound speed value in the region R of interest.
[0110] Although in Embodiments 1 to 3, reception data
output from the reception circuit 3 is temporarily stored in the
reception data memory 10, and the sound speed calculator 11
calculates the average local sound speed value of the region R
of interest using reception data stored in the reception data
memory 10, the sound speed calculator 11 may directly
receive reception data output from the reception circuit 3 as
input to calculate the average local sound speed value in the
region R of interest.

[0111] In Embodiments 1 to 3, for simplification, the num-
ber of openings of the transducer array 1 shown in the draw-
ing, that is, the number of sound rays, the number of lattice
points, and the like are small, the invention is not limited
thereto. It is preferable to set the number of openings and the
number of lattice points appropriate for diagnosis based on
the B-mode image and sound speed measurement.

Embodiment 4

[0112] FIG. 9 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 4. This ultra-
sound diagnostic apparatus is provided to accurately measure
the local sound speed values of a low luminance region speci-
fied on the B-mode image. A low luminance region detector
16 is connected to the image processor 6 and the controller 12
of the ultrasound diagnostic apparatus of Embodiment 1
shown in FIG. 1.

[0113] The low luminance region detector 16 detects a low
luminance region having luminance equal to or lower than a
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predetermined value on the B-mode image on the basis of the
B-mode image signal subjected to the image process in the
image processor 6.

[0114] The sound speed calculator 11 calculates the local
sound speed values of the low luminance region detected by
the low luminance region detector 16 on the basis of reception
data stored in the reception data memory 10 under the control
of the controller 12.

[0115] The calculation of the local sound speed values can
be performed as in Embodiment 1 by the method described in
JP 2010-99452 A with a region Rxa between a lattice point X
and each of lattice points A1, A2, . . . in FIG. 2B as a low
luminance region having luminance equal to or lower than a
predetermined value. That is, when calculating a virtual syn-
thesized wave Wsum of received waves W1, W2, . . . from the
lattice points Al, A2, . . ., in the region Rxa, reflection
intensity is small, that is, a change in acoustic impedance
Z=p-c (p is density, and ¢ is sound speed) is small, and the
sound speed ¢ can be substantially regarded to be uniform.
This is because the density p in the subject does not signifi-
cantly change, and with a change in the density p caused by a
change in the sound speed c, there is little possibility that the
value Z=p-c does not change. For this reason, it can be
assumed that the sound speed ¢ in the region Rxa is uniform
and equal to the local sound speed value V at the lattice point
X.

[0116] A method of setting lattice points in Embodiment 4
will be described with reference to FIG. 10. In FIG. 10, for
simplification, the transducer array 1 is shown in which nine
ultrasound transducers are arranged, and sound rays S1 to S9
are formed at the array pitch of the ultrasound transducers.
There is a low luminance region L to stretch over the sound
rays S4 to S6.

[0117] With regard to the low luminance region L, lattice
points are set at a shallow position from the low luminance
region L, that is, at a position close to the transducer array 1
and at a deep position from the low luminance region L, that
is, a sound ray opposite to the transducer array 1. In FIG. 10,
a plurality of lattice points E1 indicated by “@” are set on
sound rays S3 to S7 at a position corresponding to a depth Del
shallower than the low luminance region L, and one lattice
point E2 indicated by “A” is set on a sound ray S5 at a position
corresponding to a depth De2 deeper than the low luminance
region L. The local sound speed values of the low luminance
region L are calculated on the assumption that sound speed in
a region between the shallow position corresponding to the
depth Del and the deep position corresponding to the depth
De2 is uniform.

[0118] Next, the operation of Embodiment 4 will be
described.
[0119] First, an ultrasonic beam is transmitted from a plu-

rality of ultrasound transducers of the transducer array 1 in
response to the driving signal from the transmission circuit 2,
and the reception signal from each ultrasound transducer
having received an ultrasonic echo from the subject is output
to the reception circuit 3 to produce reception data. The dis-
play controller 7 displays a B-mode image is displayed on the
monitor 8 on the basis of a B-mode image signal produced by
the image producer 15.

[0120] If the operator operates the operating unit 13 and a
region R of'interest is set on a B-mode image displayed on the
monitor 8, the low luminance region detector 16 detects a low
luminance region L. having luminance equal to or lower than
a predetermined value in the region R of interest on the basis
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of the B-mode image signal produced by the image producer
15. If the low luminance region L is detected in the region R
of interest, as shown in FIG. 10, the controller 12 sets a
plurality of lattice points E1 at a position corresponding to a
depth Del shallower than the low luminance region L and sets
one lattice point E2 at a position corresponding to a depth De2
deeper than the low luminance region L. That is, the lattice
points E1 and the lattice point E2 are set such that the low
luminance region L is interposed in the depth direction.
[0121] Next, the controller 12 performs control such that
the transmission circuit 2 and the reception circuit 3 form a
transmission focus as each of the lattice points E1 and E2 set
in the above-described manner, sequentially perform trans-
mission and reception of an ultrasonic beam for sound speed
measurement, and capture received waves from the lattice
points E1 and E2.

[0122] Reception data for sound speed measurement pro-
duced by the reception circuit 3 each time an ultrasonic beam
is received is sequentially stored in the reception data
memory 10. If reception data for sound speed measurement
acquired through transmission and reception of an ultrasonic
beam when a transmission focus is formed at all the lattice
points E1 and E2 is stored in the reception data memory 10,
the sound speed calculator 11 assumes that sound speed in the
region between the lattice point E1 having a depth Del and
the lattice point E2 having a depth De2 is uniform, and cal-
culates the local sound speed value of a region between the
depth Del and the depth De2 using reception data for sound
speed measurement stored in the reception data memory 10.
[0123] At this time, as described with reference to FIG. 2B,
a synthesized wave of received waves from a plurality of
lattice points E1 at the shallow position corresponding to the
depth Del having received a received wave from the lattice
point E2 at the deep position corresponding to the depth De2
coincides with a received wave from the lattice point E2 by
the Huygens principle, and with the use of this point, the local
sound speed values of the region between the depth Del and
the depth De2 are calculated.

[0124] The sound speed calculator 11 defines the thus-
calculated local sound speed values of the region between the
depth Del and the depth De2 as the local sound speed values
of the low luminance region L.

[0125] As described above, reception data for sound speed
measurement acquired through transmission and reception of
the ultrasonic beam when a transmission focus is formed at
the lattice points set at the shallow position from the low
luminance region 2 and at the deep position from the low
luminance region 2, excluding the low luminance region L
with low ultrasonic echo intensity is used, thereby accurately
measuring the local sound speed values of the loin luminance
region L.

[0126] As described above, a synthesized wave of received
waves from a plurality of lattice points E1 at the shallow
position having received from a received wave from the lat-
tice point 52 at the deep position coincides with a received
wave from the lattice point 52, and with the use of this point,
the local sound speed values of the low luminance region L
are obtained. Therefore, it is preferable to set a larger number
of lattice points E1 at the shallow position than the lattice
points 52 set at the deep position.

[0127] Although in FIG. 10, all of a plurality of lattice
points E1 at the depth Del are the shallow position from the
low luminance region L, as shown in FIG. 11, some lattice
points Ela from among a plurality of lattice points E1 may be
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located in the low luminance region La depending on the
shape of the low luminance region La. Meanwhile, since the
intensity of an ultrasonic echo from the lattice point Ela in the
low luminance region La is low, reception data for sound
speed measurement acquired through transmission and
reception of an ultrasonic beam when a transmission focus is
formed at the lattice point Ela has a low degree of contribu-
tion to the calculation of the local sound speed values of the
region between the depth Del and the depth De2.

[0128] Like the low luminance region La, with regard to a
low luminance region which locally protrudes in a shallow
direction, for example, as shown in FIG. 12, only lattice
points E15 corresponding to protrusions may be set at a
shallower position than other lattice points E1. With the use of
the lattice points E1 and E15, similarly, it becomes possible to
calculate the local sound speed values of the region between
the depth Del and the depth De2.

Embodiment 5

[0129] In Embodiment 4, the number of lattice points
which are set at a shallow position from the low luminance
region may be adjusted in accordance with the length the
depth direction of the low luminance region.

[0130] For example, as shown in FIG. 13A, it is assumed
that three lattice points E1 are set at a shallow position in alow
luminance region L1 having a length z1 in the depth direction.
At this time, it is preferable that the three lattice points E1 are
set in the region of the ultrasonic beam B from the transducer
array 1 which forms a transmission focus at a lattice point E2
set at a deep position from the low luminance region 1. This
is because a synthesized wave of received waves from a
plurality of lattice points E1 at the shallow position having
received a received wave from the lattice point E2 at the deep
position coincides with a received wave from the lattice point
E2 by the Huygens principle, and with the user of this point,
the local sound speed values of the low luminance region L1
are calculated.

[0131] Forthis reason, as shown in FIG. 13B, with regard to
a low low luminance region [.2 which is located at the same
depth as the luminance region L1, is longer than the low
luminance region L1, and has a length 72 in the depth direc-
tion, five lattice points E1 can be set in the region of the
ultrasonic beam B of the transducer array 1 which forms a
transmission focus at the lattice point E2 set at the deep
position.

[0132] Inthis way, as the length in the depth direction of the
low luminance region is long, a large number of lattice points
E1 are set at the shallow position, making it possible to more
accurately measure the local sound speed values of the low
luminance region.

Embodiment 6

[0133] In Embodiments 4 and 5, a configuration may be
made in which the local sound speed value of the low lumi-
nance region is measured and the sound speed map in the
region R of interest is produced.

[0134] For example, as shown in FIG. 14, a region R of
interest is set on a B-mode image by an operation from the
operating unit 13. Ifthe low luminance region L. is detected in
the region R of interest by the low luminance region detector
16, the controller 12 sets lattice points E1 and E2 at a shallow
position and a deep position from the low luminance region L,
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and sets a plurality of lattice points E3 for a sound speed map
indicated by “O” inside the region R of interest and outside
the low luminance region L.

[0135] The controller 12 performs control such that the
transmission circuit 2 and the reception circuit 3 form a trans-
mission focus at each of the lattice points E1 and E2 and the
lattice points E3 for a sound speed map, and transmission and
reception of an ultrasonic beam for sound speed measurement
are performed, and reception data for sound speed measure-
ment produced by the reception circuit 3 is sequentially
stored in the reception data memory 10. As in Embodiments
4 and 5, the sound speed calculator 11 calculates the local
sound speed values of the low luminance region L using
reception data relating to the lattice points E1 and E2 stored in
the reception data memory 10. Meanwhile, the local sound
speed values of the lattice points E1, E2, and E3 are calculated
using reception data relating to the lattice points E1 and E2
and reception data for a sound speed map relating to the lattice
points E3 for a sound speed map, and the sound speed map in
the region R of interest is produced in conjunction with the
local sound speed values of the low luminance region L.
[0136] Data relating to the sound speed map produced by
the sound speed calculator 11 is raster-converted by the DSC
5, subjected to various image processes in the image proces-
sor 6, and sent to the display controller 7. The B-mode image
and the sound speed map are displayed on the monitor 8 in an
overlapping manner (for example, display where color or
luminance changes depending on the local sound speed value
or display where points having the same local sound speed
value are connected by a line), or the B-mode image and the
sound speed map image are displayed in parallel on the moni-
tor 8 in accordance with the display mode from the operating
unit 13 by the operator.

[0137] Inthis way, it becomes possible to measure the local
sound speed values of the low luminance region L in the
region R of interest and to perform both production of the
B-mode image and production of the sound speed map.
[0138] Although in Embodiments 4 to 6, reception data
output from the reception circuit 3 is temporarily stored in the
reception data memory 10, and the sound speed calculator 11
calculates the local sound speed values of the low luminance
region in the region R of interest using reception data stored
in the reception data memory 10, the sound speed calculator
11 may directly receive reception data output from the recep-
tion circuit 3 as input and may calculate the local sound speed
values of the low luminance region.

[0139] Although in Embodiments 4 to 6, for simplification,
the number of openings of the transducer array 1 shown in the
drawing, that is, the number of sound rays, the number of
lattice points in the region R of interest, and the like are small,
the invention is not limited thereto. It is preferable to set the
number of openings and the number of lattice points appro-
priate for diagnosis based on the B-mode image and sound
speed measurement.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transducer array;

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

a reception circuit which processes reception signals out-
put from the transducer array having received an ultra-
sonic echo from the subject to produce reception data;

an image producer which produces a B-mode image on the
basis of reception data obtained by the reception circuit;
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a region of interest setter which sets a region of interest on
the B-mode image produced by the image producer;

a controller which controls the transmission circuit and the
reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmis-
sion focuses at a plurality of points set on sound rays at
a shallower position and a deeper position than the
region of interest set by the region of interest setter to
acquire reception data for sound speed measurement;
and

a sound speed calculator which calculates an average local
sound speed value in the region of interest on the basis of
reception data for sound speed measurement,

wherein the points set at the shallower position are set in a
shallow point region which is determined depending on
a depth position of the region of interest, a length in a
depth direction of the region of interest, and a width of
simultaneously available transducers for transmission of
each ultrasonic beam in the transducer array.

2. The ultrasound diagnostic apparatus according to claim

15

wherein the range of the points set at the shallower position
is set to fall within a region of either ultrasonic beam
transmitted with forming a transmission focus at the
points set at the deeper position.

3. The ultrasound diagnostic apparatus according to claim

wherein the controller extends the shallow point region as
the position of the region of interest set by the region of
interest setter is deep.

4. The ultrasound diagnostic apparatus according to claim

25

wherein the controller extends the shallow point region as
the position of the region of interest set by the region of
interest setter is deep.

5. The ultrasound diagnostic apparatus according to claim

15

wherein the controller extends the shallow point region as
the length in the depth direction of the region of interest
set by the region of interest setter is long.

6. The ultrasound diagnostic apparatus according to claim

25

wherein the controller extends the shallow point region as
the length in the depth direction of the region of interest
set by the region of interest setter is long.

7. The ultrasound diagnostic apparatus according to claim

1,

wherein the controller extends the shallow point region as
the width of simultaneously available transducers for
transmission of each ultrasonic beam in the transducer
array is wide.

8. The ultrasound diagnostic apparatus according to claim

25

wherein the controller extends the shallow point region as
the width of simultaneously available transducers for
transmission of each ultrasonic beam in the transducer
array is wide.

9. The ultrasound diagnostic apparatus according to claim

15

wherein the controller further sets additional points at a
position between the deeper position and the shallower
position, and controls the transmission circuit and the
reception circuit so as to perform transmission and
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reception of ultrasonic beams with forming transmis-
sion focuses at all the set points to acquire reception data
for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the points on the basis of reception data for a
sound speed map and produces a sound speed map in the
region of interest.

10. The ultrasound diagnostic apparatus according to claim

wherein the controller further sets additional points at a
position between the deeper position and the shallower
position, and controls the transmission circuit and the
reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmis-
sion focuses at all the set points to acquire reception data
for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the points on the basis of reception data for a
sound speed map and produces a sound speed map in the
region of interest.

11. The ultrasound diagnostic apparatus according to claim

wherein the controller further sets additional points at a
position between the deeper position and the shallower
position, and controls the transmission circuit and the
reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmis-
sion focuses at all the set points to acquire reception data
for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the points on the basis of reception data for a
sound speed map and produces a sound speed map in the
region of interest.

12. An ultrasound diagnostic apparatus comprising:

a transducer array;

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

a reception circuit which processes reception signals out-
put from the transducer array having received an ultra-
sonic echo from the subject to produce reception data;

an image producer which produces a B-mode image on the
basis of reception data obtained by the reception circuit;

aregion of interest setter which sets a region of interest on
the B-mode image produced by the image producer;

a low luminance region detector which detects a low lumi-
nance region having luminance equal to or lower than a
predetermined value in the region of interest set by the
region of interest setter;

a controller which controls the transmission circuit and the
reception circuit so as to perform transmission and
reception of ultrasonic beams with forming transmis-
sion focuses at a plurality of points set at a shallower
position and a deeper position than the low luminance
region detected by the low luminance region detector to
acquire reception data for sound speed measurement;
and

a sound speed calculator which calculates local sound
speed values of the low luminance region on the basis of
reception data for sound speed measurement on the
assumption that sound speed is uniform between the
shallower position and the deeper position.

13. The ultrasound diagnostic apparatus according to claim

12,
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wherein the controller sets a larger number of points at the
shallower position than the points set at the deeper posi-
tion.

14. The ultrasound diagnostic apparatus according to claim

12,

wherein the controller sets a large number of points at the
shallower position as the length the depth direction of
the low luminance region detected by the low luminance
region detector is long.

15. The ultrasound diagnostic apparatus according to claim

13,

wherein the controller sets a large number of points at the
shallower position as the length in the depth direction of
the low luminance region detected by the low luminance
region detector is long.

16. The ultrasound diagnostic apparatus according to claim

12,

wherein the controller sets a plurality of points for a sound
speed map inside the region of interest and outside the
low luminance region, and controls the transmission
circuit and the reception circuit so as to perform trans-
mission and reception of ultrasonic beams with forming
transmission focuses at the points for a sound speed map
to acquire reception data for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the plurality of points for a sound speed map on
the basis of reception data for a sound speed map, and
produces a sound speed map in the region of interest in
conjunction with the local sound speed values of the low
luminance region.

17. The ultrasound diagnostic apparatus according to claim

13,

wherein the controller sets a plurality of points for a sound
speed map inside the region of interest and outside the
low luminance region, and controls the transmission
circuit and the reception circuit so as to perform trans-
mission and reception of ultrasonic beams with forming
transmission focuses at the points for a sound speed map
to acquire reception data for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the plurality of points for a sound speed map on
the basis of reception data for a sound speed map, and
produces a sound speed map in the region of interest in
conjunction with the local sound speed values of the low
luminance region.

18. The ultrasound diagnostic apparatus according to claim

14,

wherein the controller sets a plurality of points for a sound
speed map inside the region of interest and outside the
low luminance region, and controls the transmission
circuit and the reception circuit so as to perform trans-
mission and reception of ultrasonic beams with forming
transmission focuses at the points for a sound speed map
to acquire reception data for a sound speed map, and

the sound speed calculator calculates the local sound speed
values of the plurality of points for a sound speed map on
the basis of reception data for a sound speed map, and
produces a sound speed map in the region of interest in
conjunction with the local sound speed values of the low
luminance region.

19. A method of producing an ultrasound image, the

method comprising the steps of:
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transmitting an ultrasonic beam from a transducer array
toward a subject on the basis of driving signals supplied
from a transmission circuit;

processing reception signals output from the transducer
array having received an ultrasonic echo from the sub-
ject by a reception circuit to produce reception data;

producing a B-mode image on the basis of obtained recep-
tion data;

setting a region of interest on the produced B-mode image;

setting a plurality of points on sound rays at a shallower
position and a deeper position than the set region of
interest, the points set at the shallower position being set
in a shallow point region which is determined depending
on a depth position of the region of interest, alength in a
depth direction of the region of interest, and a width of
the simultaneously available transducers for transmis-
sion of each ultrasonic beam in the transducer array;

performing transmission and reception of ultrasonic beams
with forming transmission focuses at the set points to
acquire reception data for sound speed measurement;
and

calculating an average local sound speed value of the
region of interest on the basis of acquired reception data
for sound speed measurement.

20. A method of producing an ultrasound image, the

method comprising the steps of:

10
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transmitting an ultrasonic beam from a transducer array
toward a subject on the basis of driving signals supplied
from a transmission circuit;

processing reception signals output from the transducer
array having received an ultrasonic echo from the sub-
ject by a reception circuit to produce reception data;

producing a B-mode image on the basis of obtained recep-
tion data;

setting a region of interest on the produced B-mode image;

detecting a low luminance region having luminance equal
to or lower than a predetermined value in the region of
interest;

setting a plurality of points at a shallower position and a
deeper position than the detected low luminance region;

performing transmission and reception of ultrasonic beams
with forming transmission focuses at the set points to
acquire reception data for sound speed measurement;
and

calculating local sound speed values of the low luminance
region on the basis of acquired reception data for sound
speed measurement on the assumption that sound speed
is uniform between the shallower position and the
deeper position.
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