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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGE PRODUCING
METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and an ultrasound image producing method
and particularly to an ultrasound diagnostic apparatus that
both produces a B mode image and measures a sound speed
by transmitting and receiving ultrasonic waves through a
transducer array of an ultrasound probe.

[0002] Conventionally, ultrasound diagnostic apparatus
using ultrasound images are employed in medicine. In gen-
eral, this type of ultrasound diagnostic apparatus comprises
an ultrasound probe having a built-in transducer array and an
apparatus body connected to the ultrasound probe. The ultra-
sound probe transmits an ultrasonic beam toward the inside of
a subject’s body, receives ultrasonic echoes from the subject,
and the apparatus body electrically processes the reception
signals to produce an ultrasound image.

[0003] In recent years, sound speeds in a region under
examination are measured to achieve a more accurate diag-
nosis of the region inside the subject’s body.

[0004] TP 2010-99452 A, for example, proposes an ultra-
sound diagnostic apparatus whereby a plurality of lattice
points are set on the periphery of a site under examination and
ultrasonic beams are transmitted and received so as to form a
transmission focus at the lattice points to obtain reception
data, based on which ambient sound speeds and local sound
speeds are calculated.

SUMMARY OF THE INVENTION

[0005] JP2010-99452 A describes a device having an ultra-
sound probe that transmits and receives ultrasonic beams to
and from the inside of a subject’s body to obtain ambient
sound speeds at a site under examination, thereby enabling
display of a B mode image with information on the ambient
sound speeds superimposed over it, for example.

[0006] However, ambient sound speeds are obtained based
on, for example, image contrast and sharpness, and phase
displacements and generation of noise, for example, may
occur depending on the depth of transmission focuses of the
ultrasonic waves and frequencies of the ultrasonic waves,
which may make accurate calculations impossible.

[0007] An object of the present invention is to provide an
ultrasound diagnostic apparatus and an ultrasound image pro-
ducing method that resolve such problems of the past and
enable accurate calculations of an ambient sound speed and a
local sound speed.

[0008] An ultrasound diagnostic apparatus according to the
present invention comprises:

[0009] a transducer array;

[0010] a transmission circuit for transmitting an ultrasonic
beam from the transducer array toward a subject;

[0011] a reception circuit for processing reception signals
outputted from the transducer array having received ultra-
sonic echoes from the subject to produce reception data;
[0012] an image producer for producing a B mode image
based on the reception data obtained by the reception circuit;
[0013] a region-of-interest setting unit for setting a region
ofinterest in a given region of the B mode image produced by
the image producer;
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[0014] a controller for controlling the transmission circuit
and the reception circuit to transmit ultrasonic beams com-
posed of fundamental waves having a first frequency with
forming transmission focuses at a plurality of points setinand
near the region of interest and receive ultrasonic echoes hav-
ing a second frequency, which is a harmonic component of the
fundamental waves, thereby to obtain reception data for mea-
suring a sound speed; and

[0015] a sound speed calculator for calculating ambient
sound speeds at the points based on the obtained reception
data for measuring a sound speed.

[0016] An ultrasound image producing method according
to the present invention comprises the steps of:

[0017] transmitting an ultrasonic beam from a transducer
array toward a subject;

[0018] producing reception data based on reception signals
outputted from the transducer array having received ultra-
sonic echoes from the subject;

[0019] producing a B mode image based on the obtained
reception data;
[0020] setting a region of interest in a given region of the

produced B mode image;

[0021] transmitting ultrasonic beams composed of funda-
mental waves having a first frequency with forming transmis-
sion focuses at a plurality of points set in and near the region
of interest and receive ultrasonic echoes having a second
frequency, which is a harmonic component of the fundamen-
tal waves, thereby to obtain reception data for measuring a
sound speed; and

[0022] calculating ambient sound speeds at the points
based on the obtained reception data for measuring a sound
speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 1 of the invention.

[0024] FIGS.2A and 2B schematically illustrate a principle
of sound speed calculation in Embodiment 1.

[0025] FIG. 3 illustrates a region of interest set in an inter-
mediate region in Embodiment 1.

[0026] FIG. 4 illustrates an intensity distribution of
received ultrasonic echoes in Embodiment 1.

[0027] FIG. 5 illustrates regions of interest set in Embodi-
ment 2.
[0028] FIG. 6 illustrates regions of interest set in a variation

of Embodiment 2.
[0029] FIG. 7illustrates lattice points set in Embodiment 3.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Embodiments of the present invention will now be
described below based on the appended drawings.

Embodiment 1

[0031] FIG. 1 illustrates a configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. The ultrasound diagnostic apparatus comprises a
transducer array 1, which is connected to a transmission
circuit 2 and a reception circuit 4. The reception circuit 4 is
connected in sequence to a signal processor 5, a DSC (Digital
Scan Converter) 6, an image processor 7, a display controller
8, and a monitor 9. The image processor 7 is connected to an
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image memory 10. The reception circuit 4 is also connected to
a reception data memory 11 and a sound speed calculator 12.

[0032] The signal processor 5, the DSC 6, the display con-
troller 8, the reception data memory 11, and the sound speed
calculator 12 are connected to a controller 13. The controller
13 is also connected to an operating unit 14 and a storage unit
15.

[0033] The transducer array 1 comprises a plurality of
ultrasound transducers arranged one-dimensionally or two-
dimensionally. These ultrasound transducers each transmit
ultrasonic waves according to actuation signals supplied from
the transmission circuit 2 and receive ultrasonic echoes from
the subject to output reception signals. Each of the ultrasound
transducers comprises a vibrator composed of a piezoelectric
body and electrodes each provided on both ends of the piezo-
electric body. The piezoelectric body is composed of, for
example, a piezoelectric ceramic represented by a PZT (titan-
ate zirconate lead), a polymeric piezoelectric device repre-
sented by PVDF (polyvinylidene flouride), or a piezoelectric
monochristal represented by PMN-PT (lead magnesium nio-
bate lead titanate solid solution).

[0034] When the electrodes of each of the vibrators are
supplied with a pulsed voltage or a continuous-wave voltage,
the piezoelectric body expands and contracts to cause the
vibrator to produce pulsed or continuous ultrasonic waves.
These ultrasonic waves are combined to form an ultrasonic
beam. Upon reception of propagating ultrasonic waves, each
vibrator expands and contracts to produce an electric signal,
which is then outputted as reception signal for the ultrasonic
waves.

[0035] The transmission circuit 2 includes, for example, a
plurality of pulsars and adjusts the delay amounts for actua-
tion signals based on a transmission delay pattern selected
according to an instruction signal transmitted from the trans-
mission controller 13 so that the ultrasonic waves transmitted
from a plurality of ultrasound transducers of the transducer
array 1 form an ultrasonic beam and supplies the ultrasound
transducers with delay-adjusted actuation signals.

[0036] The reception circuit 4 amplifies and A/D converts
the reception signals transmitted from the respective ultra-
sonic transducers of the transducer array 1 to produce recep-
tion data. The reception circuit 4 has a built-in filter for
removing a fundamental wave component of an ultrasonic
beam to extract a harmonic component thereof.

[0037] The signal processor 5 performs reception focusing
processing by providing the reception signals produced by
the reception circuit 4 with respective delays according to a
sound speed or a sound speed distribution that is set based on
a reception delay pattern selected according to the control
signal from the controller 13, followed by addition, to pro-
duce a sound ray signal where the ultrasonic echoes are well
focused and, upon correcting the attenuation according to the
distance depending on the depth at which the ultrasonic
waves are reflected, performs envelope detection processing
to produce a B mode image signal, which is tomographic
image information on a tissue inside the subject’s body.
[0038] The DSC 6 converts the B mode image signal pro-
duced by the signal processor 5 into an image signal compat-
ible with an ordinary television signal scanning mode (raster
conversion).

[0039] The image processor 7 performs various processing
required including gradation processing on the B mode image
signal entered from the DSC 6 before outputting the B mode

Sep. 27,2012

image signal to the display controller 8 or storing the B mode
image signal in the image memory 10.

[0040] The signal processor 5, the DSC 6, the image pro-
cessor 7, and the image memory 10 constitute an image
producer 16.

[0041] The display controller 8 causes the monitor 9 to
display an ultrasound diagnostic image according to the B
mode image signal having undergone image processing by
the image processor 7.

[0042] The monitor 9 includes a display device such as an
LCD, for example, and displays an ultrasound diagnostic
image under the control of the display controller 8.

[0043] The reception data memory 11 stores the reception
data outputted from the reception circuit 4 sequentially by
channel. The reception data memory 11 stores information on
a frame rate entered from the controller 13 in association with
the above reception data. Such information includes, for
example, the depth of a position at which the ultrasonic wave
is reflected, the density of scan lines, and a parameter repre-
senting the range of the visual field.

[0044] Under the control by the controller 13, the sound
speed calculator 12 calculates an ambient sound speed and a
local sound speed based on the reception data stored in the
reception data memory 11.

[0045] The controller 13 controls the components in the
ultrasound diagnostic apparatus according to the instructions
entered by the operator using the operating unit 14.

[0046] The operating unit 14, provided for the operator to
perform input operations, constitutes a region-of-interest set-
ting unit and may be composed of, for example, a keyboard,
a mouse, a track ball, and/or a touch panel.

[0047] Thestorage unit 15 stores, for example, an operation
program and may be constituted by, for example, 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, ora
USB memory, a server, or the like.

[0048] The signal processor 5, the DSC 6, the image pro-
cessor 7, the display controller 8, and the sound speed calcu-
lator 12 are each constituted by a CPU and an operation
program for causing the CPU to perform various kinds of
processing, but they may be each constituted by a digital
circuit.

[0049] The operator may select one of the following three
display modes using the operating unit 14. They are: a mode
for displaying the B mode image alone, a mode for displaying
the B mode image, with an average local sound speed in the
region of interest superimposed over the B mode image, and
a mode for displaying the B mode image and an average local
sound speed in juxtaposition.

[0050] To display the B mode image, a plurality of ultra-
sound transducers of the transducer array 1 first transmit
ultrasonic waves according to the actuation signals supplied
from the transmission circuit 2, and the ultrasound transduc-
ers having received ultrasonic echoes from the subject output
the reception signals to the reception circuit 4, which pro-
duces the reception data. The signal processor 5, having
received the reception data, produces the B mode image sig-
nal, the DSC 6 performs raster conversion of the B mode
image signal, and the image processor 7 performs various
image processing on the B mode image signal, whereupon,
based on this B-mode image signal, the display controller 8
causes the monitor 9 to display the ultrasound diagnostic
image.
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[0051] The ambient sound speed and the local sound speed
may be calculated by, for example, a method described in JP
2010-99452 A filed by the Applicant of the present applica-
tion.

[0052] This method obtains the local sound speed at a lat-
tice point X according to the Huygens principle. Suppose now
that, on transmission of ultrasonic waves to the inside of a
subject, a reception wave WX reaches the transducer array 1
from the lattice point X, a reflection point in the subject, as
illustrated in FIG. 2A, and that a plurality of lattice points A1,
A2, . ..are arranged at equal intervals in positions shallower
than the lattice point X, i.e., closer to the transducer array 1, as
illustrated in FIG. 2B. Then, the local sound speed at the
lattice point X is obtained according to the Huygens principle
whereby a synthesized wave Wsum produced by combining
reception waves W1, W2, . . . transmitted from the lattice
points A1, A2, .. . having received a reception signal from the
lattice point X coincides with the reception wave Wx from the
lattice point X.

[0053] First, ambient sound speeds for all the lattice points
X, A1, A2, ... are obtained. The ambient sound speed herein
means a sound speed allowing a highest image contrast and
sharpness to be obtained as a set sound speed is varied after
performing focus calculation for the lattice points based on
the set sound speed and imaging to produce an ultrasound
image. The ambient sound speed may be judged based on, for
example, the image contrast, spatial frequency in the scan
direction, and dispersion as described in JP 08-317926 A.
[0054] Next, the ambient sound speed for the lattice point X
is used to calculate the waveform of an imaginary reception
wave Wx emitted from the lattice point X.

[0055] Further, a hypothetical local sound speed V at the
lattice point X is changed to various values to calculate the
imaginary synthesized wave Wsum of the reception waves
W1, W2, ... from the lattice points A1, A2, . . . Suppose that,
at this time, the sound speed is consistent in a region Rxa
between the lattice point X and the lattice points A1, A2, . ..
and is equivalent to the local sound speed V at the lattice point
X. The times in which the ultrasonic wave propagating from
the lattice point X reaches the lattice points A1, A2, . . . are
XA1/V, XA2/V, . . ., respectively, where XA1, XA2, ... are
the distances between the lattice point X and the lattice points
Al, A2, ... Combining the reflected waves emitted from the
lattice points A1, A2, . . . with respective delays correspond-
ing to the times XA1/V, XA2/V, . . . yields the imaginary
synthesized wave Wsum.

[0056] Next, the respective differences between a plurality
of the imaginary synthesized waves Wsum calculated by
changing the hypothetical local sound speed V at the lattice
point X to various values and the imaginary reception waves
Wx from the lattice point X are calculated to determine the
hypothetical local sound speed V at which the difference
becomes a minimum as the local sound speed. The difference
between the imaginary synthesized waves Wsum and the
imaginary reception waves Wx from the lattice point X may
be calculated by any of appropriate methods including a
method using the cross-correlation, a method using phase
matching addition by multiplying the reception waves Wx by
a delay obtained from the synthesized wave Wsum, and a
method using phase matching addition by multiplying the
synthesized wave Wsum by a delay obtained from the recep-
tion waves Wx.

[0057] Thus, the ambient sound speeds and the local sound
speeds inside a subject can be accurately calculated based on
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the reception data produced by the reception circuit 4. The
sound speed map representing a distribution of the local
sound speeds in a set region of interest may be likewise
produced.

[0058] Next, the operation of Embodiment 1 will be
described.
[0059] First, according to the actuation signal from the

transmission circuit 2, a plurality of ultrasound transducers of
the transducer array 1 transmit an ultrasonic beam, and the
ultrasound transducers having received ultrasound echoes
from a subject output reception signals to the reception circuit
4 to produce reception data, whereupon the display controller
8 causes the monitor 9 to display the B mode image based on
the B mode image signal produced by the image producer 16.
[0060] Asillustratedin FIG. 3, the B mode image displayed
on the monitor 9 is divided by the controller 13 into three
regions, a shallow region, an intermediate region, and a deep
region in the depth direction, and an operation made by the
operator on the operating unit 14 sets a region of interest R1
in the intermediate region of the B mode image. Then, the
controller 13 sets lattice points in positions and in a number
adapted for the region of interest R1 set in the B mode image.
For example, a plurality of lattice points is set in positions
shallower and deeper than the region of interest R1 so as to
sandwich the region of interest R1 in the depth-wise direc-
tion.

[0061] Subsequently, the controller 13 controls the trans-
mission circuit 2 to transmit ultrasonic beams for measuring
the sound speed each composed of fundamental waves having
a low frequency H1 so as to form a transmission focus at the
lattice points set specifically for the region of interest R1. The
ultrasonic beams for measuring the sound speed transmitted
toward the respective lattice points travel in the subject to
form a transmission focus at the lattice points and be reflected
before traveling in the subject back to the ultrasound trans-
ducers of the transducer array 1 for reception.

[0062] Thus, setting the fundamental waves to the low fre-
quency H1 enables suppression of phase displacement in the
ultrasonic waves composing the ultrasonic beams occurring
as the ultrasonic beams for measuring the sound speed travel
through an inconsistent medium inside the subject, and the
transmission focuses are formed by the ultrasonic waves
coming in phase with each other at the positions of lattice
points.

[0063] Traveling inside the subject, the ultrasonic beam for
measuring the sound speed acquires a harmonic component
having a frequency that is an integral multiple of the fre-
quency H1 of the fundamental wave. As ultrasonic echoes
containing the thus acquired harmonic component are
received by the ultrasound transducers, the controller 13 con-
trols the reception circuit 4 to remove the reception signal of
the fundamental wave through the filter provided in the recep-
tion circuit 4 and capture the reception signal of ultrasonic
echoes having a high frequency H2, the harmonic component
of the fundamental wave. Preferably, a harmonic component
composed of a frequency that is, for example, double the
frequency H1 of the fundamental wave may be captured.
[0064] Thus, the reception circuit 4 produces reception data
D1 for measuring the sound speed each time ultrasonic ech-
oes are received, and the produced reception data D1 for
measuring the sound speed are sequentially stored in the
reception data memory 11. When the reception data D1 for
measuring the sound speed obtained by transmitting and
receiving the ultrasonic beams for all the lattice points have
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been stored in the reception data memory 11, the sound speed
calculator 12 calculates the ambient sound speeds at the lat-
tice points based on the reception data D1 for measuring the
sound speed. The ambient sound speed is calculated based on
the contrast and sharpness of an image. Because ultrasonic
echoes composed of harmonic components having the high
frequency H2 as compared with the fundamental wave com-
ponent has an enhanced main lobe and reduced side lobes, the
effects of noise on the ambient sound speed obtained as above
are suppressed.

[0065] The sound speed calculator 12 may also calculate
the local sound speeds in a region between the lattice points
and in the region of interest R1 based on the ambient sound
speeds obtained as above. On the assumption that the sound
speed is consistent in a region between the lattice points set in
positions deeper and shallower than the region of interest R1,
the local sound speeds in that region are calculated using the
reception data D1 for measuring the sound speed stored in the
reception data memory 11.

[0066] As described above referring to FIG. 2B, the syn-
thesized wave of reception waves from the lattice points
located in the shallower positions having received reception
waves from the lattice points located in positions deeper than
the region of interest R1 coincides with the reception waves
from the lattice points in the deeper positions according to the
Huygens principle. Using this fact, the local sound speeds in
the region between the shallower and the deeper positions can
be calculated. When more than one such region between the
shallower and the deeper positions are set so as to surround
the region of interest R1, the sound speed calculator 12 may
use an average of the local sound speeds in the respective
regions as the local sound speed in the region of interest R1.
[0067] The positions of the three regions, the shallow
region, the intermediate region, and the deep region, into
which the B mode image is divided in depth-wise direction,
may be determined, for example, as follows.

[0068] The intensity of an ultrasonic wave decreases with
the distance it travels, whereas the intensity of the harmonic
component, which is generated as the ultrasonic wave travels,
increases. Accordingly, the intensity distribution of the ultra-
sonic echoes composed of harmonic components having the
high frequency H2 obtained by transmitting an ultrasonic
beam composed of fundamental wave component having a
low frequency H1 exhibits a curve reaching a maximum at a
given depth as illustrated in FIG. 4. Therefore, the controller
13 sets the intermediate region in a region where the intensity
is expected to be above a given value while setting the shallow
region and the deep region respectively in regions, where the
intensity is not expected to be above the given value, i.e., in
positions shallower and deeper than the intermediate region,
according to the intensity distribution of the ultrasonic ech-
oes.

[0069] Thus, phase displacement at focusing positions is
limited by forming the transmission focuses with ultrasonic
beams having the low frequency H1, while the effects of noise
in the reception waves are suppressed by receiving ultrasonic
echoes having the high frequency H2. Therefore, the ambient
sound speeds and the local sound speeds can be calculated
accurately.

[0070] Preferably, the controller 13 controls the transmis-
sion circuit 2 and the reception circuit 4 so that the frequency
H1 of the fundamental waves of a transmitted ultrasonic beam
is lower than the central frequency of which the ultrasound
probe is capable, while the frequency H2 of the harmonic
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components of a received ultrasonic beam is higher than the
central frequency of which the ultrasound probe is capable.

[0071] With an ultrasound probe capable of a frequency
band of 1 MHz to 5 MHz and a central frequency of 3 MHz,
the controller 13 may control the transmission circuit 2 and
the reception circuit 4 to transmit ultrasonic beams having a
fundamental wave with the frequency H1 of 2 MHz to form a
transmission focus at the respective lattice points in the region
ofinterest R1 set in the intermediate region and receive ultra-
sonic echoes having a harmonic component with the fre-
quency H2 of 4 MHz.

Embodiment 2

[0072] Although in Embodiment 1 the region of interest R1
is set in the intermediate region of the B mode image, the
region of interest may be also set in the shallow region and the
deep region as well.

[0073] As illustrated in FIG. 5, for example, a region of
interest R2 is set in the shallow region, and a region of interest
R3 is set in the deep region. The controller 13 sets lattice
points in an number and positions each adapted specifically
for the regions of interest R1, R2, and R3, respectively and
causes the ultrasonic beams for measuring the sound speed to
be transmitted and received so as to form the transmission
focus at the set lattice points.

[0074] For the region of interest R1 set in the intermediate
region, the transmission focuses are formed with ultrasonic
beams composed of fundamental waves having a low fre-
quency H1 while ultrasonic echoes composed of harmonic
components having the high frequency H2 are received to
obtain reception data D1 for measuring the sound speed,
based on which the ambient sound speeds at the lattice points
are calculated likewise as according to Embodiment 1.

[0075] For the region of interest R2 set in the shallow
region, the controller 13 controls the transmission circuit 2
and the reception circuit 4 to transmit ultrasonic beams for
measuring the sound speed having the high frequency H2 so
as to form the transmission focus at the lattice points in an
number and positions each adapted specifically for the region
of interest R2 and receive ultrasonic echoes having the high
frequency H2 from the lattice points in order to obtain the
reception data D2 for measuring the sound speed. Based on
the reception data D2 for measuring the sound speed thus
obtained, the ambient sound speeds at the respective lattice
points adapted specifically for the region of interest R2 in the
shallow region are calculated by the sound speed calculator
12.

[0076] As compared with an ultrasonic beam having a low
frequency, an ultrasonic beam having a high frequency has an
enhanced main lobe and reduced side lobes in exchange for a
large phase displacement generated as the beam travels
through an inconsistent medium inside the subject. There-
fore, the effects of noise in reception waves can be suppressed
by transmitting and receiving an ultrasonic beam having the
high frequency H2 in the shallow region where the distance of
travel is short and the effects of phase displacement are small,
and the ambient sound speeds can be calculated accurately.
Further, because ultrasonic echoes having the same frequency
as the frequency H2 of the ultrasonic echoes received from the
region of interest R1 set in the intermediate region are
received from the region of interest R2 to calculate the ambi-
ent sound speeds, the difference in ambient sound speed
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between the intermediate region and the shallow region dueto
the difference in frequency of received ultrasonic echoes can
be held to a minimum.

[0077] For the region of interest R3 set in the deep region,
the controller 13 controls the transmission circuit 2 and the
reception circuit 4 to transmit ultrasonic beams for measuring
the sound speed having the low frequency H1 so as to form the
transmission focus at the lattice points in a number and posi-
tions adapted specifically for the region of interest R3 and
receive ultrasonic echoes having the low frequency H1 from
the lattice points to obtain the reception data D3 for measur-
ing the sound speed. Based on the reception data D3 for
measuring the sound speed thus obtained, the ambient sound
speeds at the respective lattice points set specifically for the
region of interest R3 in the deep region are calculated by the
sound speed calculator 12.

[0078] As compared with an ultrasonic beam having a high
frequency, an ultrasonic beam having a low frequency devel-
ops only a small phase displacement as it travels through an
inconsistent medium. Therefore, the ambient sound speed
can be calculated accurately by transmitting and receiving an
ultrasonic beam having the low frequency H1 in the deep
region where the travel distance is long and, hence, the effects
of phase displacement tend to increase. Further, because
ultrasonic beams having the same frequency as the frequency
H1 of the ultrasonic beams transmitted to the region of inter-
est R1 set in the intermediate region are transmitted to the
region of interest R3 to calculate the ambient sound speeds,
the difference in ambient sound speed from the intermediate
region due to the difference in frequency of transmitted ultra-
sonic beams can be held to a minimum.

[0079] When an operation made on the operating unit 14
sets a region of interest R4 on the border between the shallow
region and the intermediate region of the B mode image and
aregion of interest RS on the border between the intermediate
region and the deep region, the ambient sound speeds are
obtained by the above method separately in the respective
regions where the lattice points set in positions and numbers
each adapted to suit the regions of interest R4 and 5 are
located.

[0080] For the lattice points located in the shallow region
among those set in the region of interest R4, ultrasonic beams
for measuring the sound speed having the high frequency H2
are transmitted and received to obtain the ambient sound
speeds based on the acquired reception data D2 for measuring
the sound speed. For the lattice points located in the interme-
diate region, ultrasonic beams having the low frequency H1
are transmitted, while ultrasonic beams having the high fre-
quency H2 are received to obtain the ambient sound speeds
based on the acquired reception data D1 for measuring the
sound speed.

[0081] As regards the lattice points set in the region of
interest RS, for the lattice points located in the intermediate
region, ultrasonic beams having the low frequency H1 are
transmitted, while ultrasonic beams having the high fre-
quency H2 are received to obtain the ambient sound speeds
based on the acquired reception data D1 and D3 for measur-
ing the sound speed.

[0082] Based on the ambient sound speeds thus obtained,
the local sound speeds may also be obtained using the imagi-
nary synthesized wave. Preferably, the frequency of the
imaginary synthesized wave is set to the low frequency H1 or
the high frequency H2 used for the intermediate region.
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[0083] Because the ambient sound speeds are obtained spe-
cifically for each region where the lattice points are located,
accurate ambient sound speeds and local sound speeds can be
obtained.

Embodiment 3

[0084] Although in Embodiments 1 and 2 the average local
sound speed in the region of interest R is measured, a sound
speed map in the region of interest R may be also produced.
[0085] When, for example, an operation made on the oper-
ating unit 14 sets the region of interest R1 in the intermediate
region, the controller 13 sets lattice points E1 and E2 in
positions shallower and deeper than the region of interest R1,
respectively, and sets lattice points E3 for measuring the
sound speed in a position between the lattice points E1 and E2
as illustrated in FIG. 7.

[0086] Subsequently, the controller 13 controls the trans-
mission circuit 2 and the reception circuit 4 to form the
transmission focus at the lattice points E3 for the sound speed
map and at the lattice points E1 and E2, sequentially trans-
mitting ultrasonic beams having the low frequency H1 while
receiving ultrasonic echoes having the high frequency H2,
and the reception data for measuring the sound speed pro-
duced by the reception circuit 4 are sequentially stored in the
reception data memory 11. Then, the sound speed calculator
12 uses the reception data on the lattice points E1 and E2
stored in the reception data memory 11 to calculate the ambi-
ent sound speeds and the local sound speeds likewise as
according to Embodiment 1 and also uses the reception data
on the lattice points E1 and E2 and the reception data for the
sound speed map on the lattice points E3 for the sound speed
map to calculate the local sound speeds at the lattice points
E1, E2, and E3 thereby to produce the sound speed map in the
region of interest R1.

[0087] The data on the sound speed map produced by the
sound speed calculator 12 undergo raster conversion by the
DSC 6 and various image processing by the image processor
7 before being transmitted to the display controller 8. Then,
according to the display mode entered from the operating unit
14 by the operator, the B mode image is displayed on the
monitor 9, with the sound speed map superimposed over it
(e.g., display with color distinction or by varying luminance
according to the local sound speed, or display where points
having an equal local sound speed are connected by a line), or
the B mode image and the sound speed map are displayed in
juxtaposition on the monitor 9.

[0088] Thus, not only the sound speeds or the local sound
speeds can be measured but the production of both the B
mode image and the sound speed map can be achieved.
[0089] While, in Embodiments 1 to 3, the reception data
outputted from the reception circuit 4 are provisionally stored
in the reception data memory 11, and the sound speed calcu-
lator 12 uses the reception data stored in the reception data
memory 11 to calculate the ambient sound speeds and the
local sound speeds, the sound speed map producer 12 may
directly receive the reception data outputted from the recep-
tion circuit 4 to calculate the ambient sound speeds and the
local sound speeds.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transducer array;

a transmission circuit for transmitting an ultrasonic beam
from the transducer array toward a subject;
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a reception circuit for processing reception signals output-
ted from the transducer array having received ultrasonic
echoes from the subject to produce reception data;

an image producer for producing a B mode image based on
the reception data obtained by the reception circuit;

aregion-of-interest setting unit for setting a region of inter-
est in a given region of the B mode image produced by
the image producer;

a controller for controlling the transmission circuit and the
reception circuit to transmit ultrasonic beams composed
of fundamental waves having a first frequency with
forming transmission focuses at a plurality of points set
in and near the region of interest and receive ultrasonic
echoes having a second frequency, which is a harmonic
component of the fundamental waves, thereby to obtain
reception data for measuring a sound speed; and

a sound speed calculator for calculating ambient sound
speeds at the points based on the obtained reception data
for measuring a sound speed.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the controller sets the given region according to an
intensity of the ultrasonic echoes having the second fre-
quency obtained by transmitting the ultrasonic beams having
the first frequency and also sets a shallow region and a deep
region in positions shallower and deeper than the given
region, respectively.

3. The ultrasound diagnostic apparatus according to claim

25

wherein the region-of-interest setting unit further sets an
additional shallow region of interest in the shallow
region,

wherein the controller controls the transmission circuit and
the reception circuit to transmit ultrasonic beams having
the second frequency with forming transmission focuses
at a plurality of additional shallow points set in and near
the additional shallow region of interest and receive
ultrasonic echoes having the second frequency, thereby
to obtain additional shallow reception data for measur-
ing a sound speed, and

wherein the sound speed calculator calculates ambient
sound speeds at the additional shallow points based on
the obtained additional shallow reception data for mea-
suring a sound speed.

4. The ultrasound diagnostic apparatus according to claim

3, wherein the controller sets the first frequency at a value
lower than a central frequency of the transducer array and sets
the second frequency at another value higher than the central
frequency of the transducer array.

5. The ultrasound diagnostic apparatus according to claim

45

wherein the transducer array has a frequency band of 1
MHz to 5 MHz and the central frequency of 3 MHz, and

wherein the controller sets the first frequency of 2 MHz and
the second frequency of 4 MHz.

6. The ultrasound diagnostic apparatus according to claim

25

wherein the region-of-interest setting unit further sets an
additional deep region of interest in the deep region,

wherein the controller controls the transmission circuit and
the reception circuit to transmit ultrasonic beams com-
posed of fundamental waves having the first frequency
with forming transmission focuses at a plurality of addi-
tional deep points set in and near the additional deep
region of interest and receive ultrasonic echoes having
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the first frequency, thereby to obtain additional deep
reception data for measuring a sound speed, and
wherein the sound speed calculator calculates ambient
sound speeds at the additional deep points based on the
obtained additional deep reception data for measuring a
sound speed.
7. The ultrasound diagnostic apparatus according to claim
6, wherein the controller sets the first frequency at a value
lower than a central frequency of the transducer array and sets
the second frequency at another value higher than the central
frequency of the transducer array.
8. The ultrasound diagnostic apparatus according to claim
75
wherein the transducer array has a frequency band of 1
MHz to 5 MHz and the central frequency of 3 MHz, and
wherein the controller sets the first frequency of 2 MHz and
the second frequency of 4 MHz.
9. The ultrasound diagnostic apparatus according to claim
2,
wherein the region-of-interest setting unit sets an addi-
tional region of interest over at least one of a border
between the shallow region and the intermediate region
and a border between the intermediate region and the
deep region,
wherein the controller controls the transmission circuit and
the reception circuit to transmit and receive ultrasonic
beams having the second frequency for a plurality of
additional points set in and near the additional region of
interest and located in the shallow region, to transmit
ultrasonic beams having the first frequency and receive
ultrasonic echoes having the second frequency for a
plurality of additional points set in and near the addi-
tional region of interest and located in the intermediate
region, and to transmit and receive ultrasonic beams
having the first frequency for a plurality of additional
points set in and near the additional region of interest and
located in the deep region, thereby to obtain additional
reception data for measuring a sound speed, and
wherein the sound speed calculator calculates ambient
sound speeds at the additional points based on the
obtained additional reception data for measuring a
sound speed.
10. The ultrasound diagnostic apparatus according to claim
9, wherein the controller sets the first frequency at a value
lower than a central frequency of the transducer array and sets
the second frequency at another value higher than the central
frequency of the transducer array.
11. The ultrasound diagnostic apparatus according to claim
10,
wherein the transducer array has a frequency band of 1
MHz to 5 MHz and the central frequency of 3 MHz, and
wherein the controller sets the first frequency of 2 MHz and
the second frequency of 4 MHz.
12. The ultrasound diagnostic apparatus according to claim
1, wherein, based on the ambient sound speeds obtained by
transmitting and receiving ultrasonic beams for the points, the
sound speed calculator calculates local sound speeds in
regions between the points.
13. The ultrasound diagnostic apparatus according to claim
3, wherein, based on the ambient sound speeds obtained by
transmitting and receiving ultrasonic beams for the points, the
sound speed calculator calculates local sound speeds in
regions between the points.
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14. The ultrasound diagnostic apparatus according to claim
6, wherein, based on the ambient sound speeds obtained by
transmitting and receiving ultrasonic beams for the points, the
sound speed calculator calculates local sound speeds in
regions between the points.
15. The ultrasound diagnostic apparatus according to claim
9, wherein, based on the ambient sound speeds obtained by
transmitting and receiving ultrasonic beams for the points, the
sound speed calculator calculates local sound speeds in
regions between the points.
16. The ultrasound diagnostic apparatus according to claim
15
wherein the controller controls the transmission circuit and
the reception circuit to transmit and receive ultrasonic
beams with forming transmission focuses at a plurality
ofpoints for a sound speed map set in and near the region
of interest, thereby to obtain reception data for a sound
speed map, and
wherein the sound speed calculator calculates local sound
speeds at the points for a sound speed map based on
reception data for a sound speed map to produce a sound
speed map of the region of interest.
17. The ultrasound diagnostic apparatus according to claim
3 ’
wherein the controller controls the transmission circuit and
the reception circuit to transmit and receive ultrasonic
beams with forming transmission focuses at a plurality
of points for a sound speed map setin and near the region
of interest, thereby to obtain reception data for a sound
speed map, and
wherein the sound speed calculator calculates local sound
speeds at the points for a sound speed map based on
reception data for a sound speed map to produce a sound
speed map of the region of interest.
18. The ultrasound diagnostic apparatus according to claim
65
wherein the controller controls the transmission circuit and
the reception circuit to transmit and receive ultrasonic
beams with forming transmission focuses at a plurality

Sep. 27,2012

of points for a sound speed map set in and near the region
of interest, thereby to obtain reception data for a sound
speed map, and

wherein the sound speed calculator calculates local sound
speeds at the points for a sound speed map based on
reception data for a sound speed map to produce a sound
speed map of the region of interest.

19. The ultrasound diagnostic apparatus according to claim

95

wherein the controller controls the transmission circuit and
the reception circuit to transmit and receive ultrasonic
beams with forming transmission focuses at a plurality
of points for a sound speed map set in and near the region
of interest, thereby to obtain reception data for a sound
speed map, and

wherein the sound speed calculator calculates local sound
speeds at the points for a sound speed map based on
reception data for a sound speed map to produce a sound
speed map of the region of interest.

20. An ultrasound image producing method, comprising

the steps of:

transmitting an ultrasonic beam from a transducer array
toward a subject;

producing reception data based on reception signals out-
putted from the transducer array having received ultra-
sonic echoes from the subject;

producing a B mode image based on the obtained reception
data;

setting a region of interest in a given region of the produced
B mode image;

transmitting ultrasonic beams composed of fundamental
waves having a first frequency with forming transmis-
sion focuses at a plurality of points set in and near the
region of interest and receive ultrasonic echoes having a
second frequency, which is a harmonic component of the
fundamental waves, thereby to obtain reception data for
measuring a sound speed; and

calculating ambient sound speeds at the points based on the
obtained reception data for measuring a sound speed.

Ed sk sk sk Ed
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