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ULTRASOUND PROBE AND ULTRASOUND
DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound probe
and an ultrasound diagnostic apparatus, and in particular, to
an ultrasound probe and an ultrasound diagnostic apparatus
for performing both production of a B-mode image and mea-
surement of sound speed.

[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 equipped 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 region under
diagnosis in the subject with satisfactory precision, a sound
speed in the region 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 region under diagnosis, and a local
sound speed value is calculated on the basis of reception data
obtained by transmitting and receiving an ultrasonic beam for
each lattice point.

[0005] Inthe apparatus described in JP 2010-99452 A, the
ultrasonic beam is transmitted and received from the ultra-
sound probe toward the subject to calculate the local sound
speed value in the region under diagnosis, making it possible
to display information of the local sound speed on the B-mode
image in an overlapping manner. If a sound speed map which
represents the distribution of the local sound speed values at
a plurality of points in a predetermine region is produced and
displayed along with a B-mode image, it is effective to diag-
nose the region under diagnosis.

[0006] However, near an abdominal wall which covers the
internal organs or the like of the subject has sound speed
different from other parts due to the presence of fat or the like.
For this reason, there is a problem in that it is difficult to
accurately measure sound speed since, when an ultrasonic
beam transmitted from the ultrasound probe passes through
the abdominal wall, the ultrasonic beam is refracted depend-
ing on the entrance angle to the abdominal wall.

SUMMARY OF THE INVENTION

[0007] Theinvention has been finalized in order to solve the
problems in the related art, and an object of the invention is to
provide an ultrasound probe and an ultrasound diagnostic
apparatus capable of reducing the influence of ultrasonic
beam refraction from an abdominal wall to perform B-mode
image production and accurate sound speed measurement.
[0008] An ultrasound probe according to the present inven-
tion includes a first transducer array for a B-mode image
which transmits an ultrasonic beam for a B-mode image, a
second transducer array for sound speed measurement which
is tiltably provided and transmits an ultrasonic beam for
sound speed measurement, and a tilting unit which tilts the
second transducer array for sound speed measurement in
accordance with the angle of an abdominal wall of the sub-
ject.
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[0009] Anultrasound diagnostic apparatus according to the
present invention includes the above-described ultrasound
probe, an image producer which produces a B-mode image on
the basis of reception data for a B-mode image obtained by
the reception circuit, an abdominal wall detector which
detects the angle of an abdominal wall of a subject on the
B-mode image produced by the image producer, a controller
which adjusts the tilt angle of the transducer array for sound
speed measurement by the tilting unit in accordance with the
angle of the abdominal wall detected by the abdominal wall
detector, and a sound speed map producer which produces a
sound speed map on the basis of reception data for sound
speed measurement obtained by the reception circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is ablock diagram showing the configuration
of'anultrasound diagnostic apparatus including an ultrasound
probe according to Embodiment 1 of the invention.

[0011] FIG. 2isafrontview schematically showinga trans-
ducer array for a B-mode image and a transducer array for
sound speed measurement of an ultrasound probe according
to Embodiment 1.

[0012] FIG. 3 is a diagram schematically showing a
B-mode image.
[0013] FIG. 4 is a diagram schematically showing the prin-

ciple of sound speed calculation in Embodiment 1.

[0014] FIGS. 5A and 5B are a front view and a side view
schematically showing a transducer array for a B-mode image
and a transducer array for sound speed measurement of an
ultrasound probe according to a modification of Embodiment
1.

[0015] FIG. 6is ablock diagram showing the configuration
of an ultrasound probe according to Embodiment 2.

[0016] FIG.7is ablock diagram showing the configuration
of an ultrasound probe according to Embodiment 3.

[0017] FIGS. 8A and 8B are a front view and a side view
schematically showing a transducer array for a B-mode image
and a transducer array for sound speed measurement of an
ultrasound probe according to Embodiment 3.

[0018] FIGS. 9A and 9B are a front view and a side view
schematically showing a transducer array for a B-mode image
and a transducer array for sound speed measurement of an
ultrasound probe according to a modification of Embodiment
3.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.

Embodiment 1

[0020] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus including an ultrasound probe 1 accord-
ing to Embodiment 1 of the invention. A diagnostic apparatus
body 2 is connected to the ultrasound probe 1.

[0021] Anultrasound probe 1 includes a transducer array 3
for B-mode image transmission/reception and a transducer
array 4 for sound speed measurement beam transmission. A
transmission circuit 5 is connected to the transducer array 3
for B-mode image transmission/reception and the transducer
array 4 for sound speed measurement beam transmission. A
reception circuit 6 is connected to the transducer array 3 for
B-mode image transmission/reception.
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[0022] As shown in FIG. 2, the transducer array 3 for
B-mode image transmission/reception and the transducer
array 4 for sound speed measurement beam transmission are
disposed such that their azimuth directions are identical to
each other in the vicinity of a subject abutment portion 1a of
the ultrasound probe 1. The transducer array 4 for sound
speed measurement beam transmission is located adjacently
in the azimuth direction of the transducer array 3 for B-mode
image transmission/reception. The transducer array 3 for
B-mode image transmission/reception is fixed in the ultra-
sound probe 1, while the transducer array 4 for sound speed
measurement beam transmission is provided to be tiltable in
its azimuth direction in the ultrasound probe 1. A tilting unit
7 for tilting the transducer array 4 for sound speed measure-
ment beam transmission is connected to the transducer array
4 for sound speed measurement beam transmission. A probe
controller 8 is connected to the transmission circuit 5, the
reception circuit 6, and the tilting unit 7.

[0023] The diagnostic apparatus body 2 has a signal pro-
cessor 11 connected to the reception circuit 6 of the ultra-
sound probe 1, and a DSC (Digital Scan Converter) 12, an
image processor 13, a display controller 14, and a monitor 15
are sequentially connected to the signal processor 11. An
image memory 16 and an abdominal wall detector 17 are
connected to the image processor 13. The diagnostic appara-
tus body 2 has a reception data memory 18 and a sound speed
map producer 19 each of which are connected to the reception
circuit 6 of the ultrasound probe 1. An apparatus body con-
troller 20 is connected to the signal processor 11, the DSC 12,
the display controller 14, the abdominal wall detector 17, the
reception data memory 18, and the sound speed map producer
19. An operating unit 21 and a storage unit 22 are connected
to the apparatus body controller 20.

[0024] The probe controller 8 of the ultrasound probe 1 and
the apparatus body controller 20 of the diagnostic apparatus
body 2 are connected to each other.

[0025] Each of the transducer array 3 for B-mode image
transmission/reception and the transducer array 4 for sound
speed measurement beam transmission has a plurality of
ultrasound transducers arranged in a one-dimensional or two-
dimensional manner. The ultrasound transducers of the trans-
ducer array 3 for B-mode image transmission/reception trans-
mit ultrasonic waves for B-mode image production in
response to driving signals supplied from the transmission
circuit 5. The ultrasound transducers of the transducer array 4
for sound speed measurement beam transmission transmit
ultrasonic waves for sound speed measurement in response to
driving signals supplied from the transmission circuit 5. Each
of the ultrasound transducers of the transducer array 3 for
B-mode image transmission/reception receives an ultrasonic
echo of the ultrasonic wave for B-mode image production
from the subject and outputs a reception signal, and receives
an ultrasonic echo of the ultrasonic wave for sound speed
measurement from the subject and outputs a reception signal.
That is, the transducer array 3 for B-mode image transmis-
sion/reception receives ultrasonic echo for both B-mode
image production and sound speed measurement.

[0026] Eachultrasound transducer ofthe transducer array 3
for B-mode image transmission/reception and the transducer
array 4 for sound speed measurement is constituted by a
vibrator in which electrodes are formed at both ends of a
piezoelectric body made of piezoelectric ceramic represented
by PZT (Pb (lead) zirconate titanate), a polymer piezoelectric
device represented by PVDF (polyvinylidene difluoride),
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piezoelectric single crystal represented by PMN-PT (lead
magnesium niobate-lead titanate solid solution), or the like.
[0027] If a pulsed or continuous-wave voltage is applied
across the electrodes of the vibrator, the piezoelectric body
expands and contracts, thereby pulsed or continuous-wave
ultrasonic waves are produced from the vibrators and synthe-
sized to form an ultrasonic beam. When receiving the propa-
gating ultrasonic waves, the vibrators expand and contract to
produce electric signals, and the electric signals are output as
the reception signals of the ultrasonic waves.

[0028] The transmission circuit 5 includes, for example, a
plurality of pulsars. The transmission circuit 5 adjusts the
delay amount of each of the driving signals on the basis of a
transmission delay pattern selected in response to a control
signal from the probe controller 8 such that ultrasonic waves
transmitted from the ultrasound transducers of the transducer
array 3 for B-mode image transmission/reception form an
ultrasonic beam, and supplies the adjusted driving signals to
the ultrasound transducers of the transducer array 3. Simul-
taneously, the transmission circuit 5 adjusts the delay amount
of each of the driving signals such that ultrasonic waves
transmitted from the ultrasound transducers of the transducer
array 4 for sound speed measurement beam transmission are
focused on a point where sound speed should be measured,
and supplies the adjusted driving signals to the ultrasound
transducers of the transducer array 4.

[0029] The reception circuit 6 amplifies the reception sig-
nals output from the ultrasound transducers of the transducer
array 3 for B-mode image transmission/reception, and per-
forms A/D conversion for the amplified reception signals. The
reception circuit 6, thereafter, performs a reception focus
process by giving a delay to each of the reception signals in
accordance with the 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 probe controller 8, and
adding the reception signals. With this reception focus pro-
cess, the focus of the ultrasonic echo is narrowed to produce
reception data (sound ray signal).

[0030] Thetilting unit 7 is used to tilt the transducer array 4
for sound speed measurement beam transmission in response
to a control signal from the probe controller 8, and various
actuators using an electric motor, an electric cylinder, or the
like may be used.

[0031] The probe controller 8 controls the respective units
of the ultrasound probe 1 on the basis of various control
signals transmitted from the apparatus body controller 20 of
the diagnostic apparatus body 2.

[0032] The signal processor 11 of the diagnostic apparatus
body 2 corrects attenuation depending on the distance in
accordance with the depth of the reflection position of the
ultrasonic wave for reception data produced by the reception
circuit 6 of the ultrasound probe 1, and performs an envelope
detection process to produce a B-mode image signal which is
tomographic image information relating to the tissue of the
subject.

[0033] The DSC 12 converts (raster-converts) the B-mode
image signal produced by the signal processor 11 to an image
signal based on a normal television signal scan system.
[0034] Theimage processor 13 performs various necessary
image processes, such as a gradation process, on the B-mode
image signal input from the DSC 12, and outputs the pro-
cessed B-mode image signal to the display controller 14 or
stores the processed B-mode image signal in the image
memory 16.
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[0035] The signal processor 11, the DSC 12, the image
processor 13, and the image memory 16 form an image pro-
ducer 23.

[0036] The display controller 14 displays an ultrasound
diagnostic image on the monitor 15 on the basis of the
B-mode image signal subjected to the image process by the
image processor 13.

[0037] The monitor 15 includes, for example, a display
device, such as an LCD, and displays the ultrasound diagnos-
tic image under the control of the display controller 14.
[0038] As shownin FIG. 3, the abdominal wall detector 17
detects an abdominal wall P of the subject above a region of
interest R setin the B-mode image and detects the angle of the
abdominal wall P on the basis of the B-mode image signal
subjected to the image process by the image processor 13.
[0039] The reception data memory 18 sequentially stores
reception data output from the reception circuit 6. The recep-
tion data memory 18 also stores information (for example,
parameters representing the depth of the reflection position of
the ultrasonic wave, the density of the scan lines, and the
width of the field of vision) relating to a frame rate input from
the apparatus body controller 20 in association with reception
data.

[0040] The sound speed map producer 19 calculates a local
sound speed value in the tissue of the subject as a diagnosis
target on the basis of reception data stored in the reception
data memory 18 under the control of the apparatus body
controller 20, and produces a sound speed map.

[0041] The apparatus body controller 20 controls the
respective units of the ultrasound diagnostic apparatus on the
basis of a command input from the operating unit 21 by the
operator.

[0042] The operating unit 21 is used when the operator
performs an input operation, and may be constituted by a
keyboard, a mouse, a trackball, a touch panel, or the like.
[0043] The storage unit 22 stores an operation program or
the like, and may be constituted by, for example, a recording
medium such as an MO, an MT, a RAM, a CD-ROM, a
DVD-ROM, an SD card, a CF card, or a USB memory, or a
server.

[0044] The signal processor 11, the DSC 12, the image
processor 13, the display controller 14, and the sound speed
map producer 19 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.

[0045] The operator can select one of the following three
display modes by using the operating unit 21. 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 a
sound speed map is displayed on a B-mode image in an
overlapping manner (for example, display where color or
luminance changes depending on a local sound speed value or
display where points having the same local sound speed value
are connected by a line), and a mode in which a B-mode
image and a sound speed map image are displayed in parallel.
[0046] When displaying a B-mode image, first, ultrasonic
waves are transmitted from the ultrasound transducers of the
transducer array 3 for B-mode image transmission/reception
in response to the driving signals from the transmission cir-
cuit 5 of the ultrasound probe 1, the reception signal from
each ultrasound transducer having received the ultrasonic
echo from the subject is output to the reception circuit 6, and
reception data is produced by the reception circuit 6. A
B-mode image signal is produced by the signal processor 11
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of the diagnostic apparatus body 2 to which reception data is
input and is then raster-converted by the DSC 12, and various
image processes are performed on the B-mode image signal
in the image processor 13. Thereafter, an ultrasound diagnos-
tic image is displayed on the monitor 15 on the basis of the
B-mode image signal by the display controller 14.

[0047] The calculation of the local sound speed value may
be performed by the method described in JP 2010-99452 A
filed in the name of the applicant.

[0048] As shown in FIG. 4A, according to this method,
when the ultrasonic waves are transmitted into the subject, a
received wave Wx reaches the transducer array 3 from a
lattice point X as a reflection point of the subject. Then, as
shown in FIG. 4B, a plurality of lattice points A1, A2, . . . are
arranged at regular intervals at positions shallower than the
lattice point X, that is, at positions closer to the transducer
array 3. Then, the local sonic speed at the lattice point X is
obtained according to the Huygens principle whereby a syn-
thesized wave Wsum of received waves W1, W2, . . . from a
plurality of lattice points Al, A2, . . . having received the
received wave from the lattice point X coincides with the
received wave Wx from the lattice point X.

[0049] First, the optimum sound speed values for all the
lattice points X, A1, A2, ... are obtained. The optimum sound
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
and sharpness of the image 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.

[0050] Next, the waveform of a virtual received wave Wx
emitted from the lattice point X is calculated using the opti-
mum sound speed value for the lattice point X.

[0051] A virtual local sound speed value V at the lattice
point X changes in various ways to calculate a virtual synthe-
sized 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, ..., where XAl, XA2, . .. designate the distance
between the respective lattice points A1,A2, . . . and the lattice
point X, respectively. Accordingly, reflected waves emitted
from the lattice points A1, A2, . . . with the delay of the time
XA1/V, XA2/V, . . . are synthesized, thereby obtaining the
virtual synthesized wave Wsum.

[0052] Next, deviations between a plurality of virtual syn-
thesized waves Wsum calculated by changing the virtual
local sound speed value V at the lattice point X and the virtual
received wave Wx from the lattice point X are calculated, and
the virtual local sound speed value V with the minimum
deviation is determined to be the local sound speed value at
the lattice point X. As the method of calculating the deviation
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 match-
ing addition is performed while the delay obtained from the
synthesized wave Wsum is applied to the received wave WX,
a method in which phase matching addition is performed
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while the delay obtained from the received Wx is applied to
the synthesized wave Wsum, or the like may be used.
[0053] In the above-described manner, it is possible to cal-
culate the local speed sound value in the subject on the basis
of reception data produced by the reception circuit 6 of the
ultrasound probe 1 with high precision. Similarly, it is pos-
sible to produce the sound speed map which represents the
distribution of the local sound speed values in the set region of
interest.

[0054] Next, the operation of Embodiment 1 will be
described.

[0055] First, an ultrasonic beam for a B-mode image is
transmitted from the plurality of ultrasound transducers of the
transducer array 3 for B-mode image transmission/reception
in response to the driving signals from the transmission cir-
cuit 5 of the ultrasound probe 1, and a reception signal from
each ultrasound transducer having received an ultrasonic
echo from the subject is output to the reception circuit 6 to
produce reception data fora B-mode image. A B-mode image
is displayed on the monitor 15 by the display controller 14 on
the basis of the B-mode image signal produced by the image
producer 23 of the diagnostic apparatus body 2.

[0056] Ifthe operator operates the operating unit 21 to set a
region of interest R on the B-mode image displayed on the
monitor 15, a plurality of lattice points are set in the region of
interest R by the apparatus body controller 20. As shown in
FIG. 3, the angle of the abdominal wall P of the subject above
the region of interest R is detected by the abdominal wall
detector 17. The detected angle of the abdominal wall P is
transmitted from the apparatus body controller 20 of the
diagnostic apparatus body 2 to the probe controller 8 of the
ultrasound probe 1, and the tilting unit 7 is actuated by the
probe controller 8 such that the tilt angle of the transducer
array 4 for sound speed measurement beam transmission is
substantially the same as the angle of the abdominal wall P.
[0057] Next, the transmission circuit 5 and the reception
circuit 6 are controlled by the probe controller 8, and trans-
mission and reception of ultrasonic beams for sound speed
measurement are sequentially performed while forming a
transmission focus at each of the plurality of lattice points set
in the region of interest R. At this time, the driving signals
from the transmission circuit 5 are supplied to the transducer
array 4 for sound speed measurement beam transmission, and
an ultrasonic beam is transmitted from the plurality of ultra-
sound transducers of the transducer array 4 for sound speed
measurement beam transmission. Meanwhile, the transducer
array 4 for sound speed measurement beam transmission is
adjusted to the tilt angle which is substantially the same as the
angle of the abdominal wall P above the region of interest R.
For this reason, the ultrasonic beam transmitted from the
transducer array 4 for sound speed measurement beam trans-
mission substantially enters the abdominal wall P vertically,
passes through the abdominal wall P to form a transmission
focus at each lattice point with little influence of refraction
from the abdominal wall P. An ultrasonic echo from the
subject is received by the plurality of ultrasound transducers
of the transducer array 3 for B-mode image transmission/
reception.

[0058] Each time an ultrasonic beam is received in such a
manner, reception data for sound speed measurement pro-
duced by the reception circuit 6 is sequentially stored in the
reception data memory 18. If reception data for sound speed
measurement for all the lattice points in the region of interest
R are acquired, a command to form a sound speed map is
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output from the apparatus body controller 20 to the sound
speed map producer 19. The sound speed map producer 19
calculates the local sound speed value at each lattice point
using reception data for sound speed measurement from
among reception data stored in the reception data memory 18
to produce the sound speed map in the region of interest R.
Data relating to the sound speed map obtained by the sound
speed map producer 19 is raster-converted by the DSC 12, is
subjected to various image processes by the image processor
13, and is then sent to the display controller 14. The B-mode
image and the sound speed map are displayed on the monitor
15 in an overlapping manner or the B-mode image and the
sound speed map image are displayed on the monitor 15 in
parallel in accordance with the display mode input from the
operating unit 21 by the operator.

[0059] Reception data for sound speed measurement pro-
duced by the reception circuit 6 is stored in the reception data
memory 18 and also input to the signal processor 11 of the
image producer 23. At this time, the actuation of the signal
processor 11 is stopped in accordance with a command from
the apparatus body controller 20, thereby preventing the
B-mode image signal from being produced using reception
data for sound speed measurement.

[0060] As described above, the tilting unit 7 is used to
adjust the tilt angle of the transducer array 4 for sound speed
measurement beam transmission to be the same as the angle
of the abdominal wall P of the subject above the region of
interest R, making it possible to reduce the influence of
refraction of the ultrasonic beam from the abdominal wall P
and to perform accurate sound speed measurement.

[0061] Thenumber of channels ofthe transducer array 3 for
B-mode image transmission/reception, the number of chan-
nels of the transducer array 4 for sound speed measurement
beam transmission, the center frequency of an ultrasonic
beam for a B-mode image, and the center frequency of an
ultrasonic beam for sound speed measurement can be appro-
priately selected.

[0062] Although in Embodiment 1, as shown in FIG. 2, the
transducer array 4 for sound speed measurement beam trans-
mission is disposed adjacently in the azimuth direction of the
transducer array 3 for B-mode image transmission/reception,
the invention is not limited thereto. Like an ultrasound probe
31 shown in FIGS. 5A and 5B, a configuration may be made
in which a transducer array 4 for sound speed measurement
beam transmission disposed adjacently in the elevation direc-
tion of the transducer array 3 for B-mode image transmission/
reception is tilted in the azimuth direction.

Embodiment 2

[0063] FIG. 6 shows the configuration of an ultrasound
probe 41 according to Embodiment 2. The ultrasound probe
41 includes a transducer array 42 for sound speed measure-
ment beam transmission/reception, instead of the transducer
array 4 for sound speed measurement beam transmission in
the ultrasound probe 1 of Embodiment 1 shown in FIG. 1. The
transmission circuit 5, the reception circuit 6, and the tilting
unit 7 are connected to the transducer array 42 for sound
speed measurement beam transmission/reception.

[0064] Similarly to the transducer array 4 for sound speed
measurement beam transmission of Embodiment 1, the trans-
ducer array 42 for sound speed measurement beam transmis-
sion/reception sequentially transmits ultrasonic beams for
sound speed measurement while forming a transmission
focus at a plurality of lattice points in the region of interest R
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on the basis of the driving signals supplied from the transmis-
sion circuit 5. The transducer array 42 for sound speed mea-
surement beam transmission/reception also receives an ultra-
sonic echo corresponding to each transmitted ultrasonic beam
and outputs reception signals to the reception circuit 6.
[0065] As described above, even when transmission and
reception of ultrasonic beams for sound speed measurement
are performed using the transducer array 42 for sound speed
measurement beam transmission/reception, as in Embodi-
ment 1, the tilt angle of the transducer array 42 for sound
speed measurement beam transmission/reception is adjusted
by the tilting unit 7, thereby reducing the influence of refrac-
tion of an ultrasonic beam from the abdominal wall P to
perform accurate sound speed measurement.

Embodiment 3

[0066] FIG. 7 shows the configuration of an ultrasound
probe 51 according to Embodiment 3. The ultrasound probe
51 uses a transducer array 52 for sound speed measurement
including a transducer array 53 for sound speed measurement
beam transmission and a transducer array 54 for sound speed
measurement beam reception, instead of the transducer array
42 for sound speed measurement beam transmission/recep-
tion in the ultrasound probe 41 of Embodiment 2 shown in
FIG. 2. The transducer array 53 for sound speed measurement
beam transmission is connected to the transmission circuit 5,
and the transducer array 54 for sound speed measurement
beam reception is connected to the reception circuit 6.
[0067] Even with this configuration, as in Embodiments 1
and 2, the tilt angle of the transducer array 52 for sound speed
measurement is adjusted by the tilting unit 7, thereby reduc-
ing the influence of refraction of an ultrasonic beam from the
abdominal wall P to perform accurate sound speed measure-
ment.

[0068] In this case, a plurality of ultrasound transducers of
the transducer array 53 for sound speed measurement beam
transmission can be formed of piezoelectric ceramic repre-
sented by PZT (Pb (lead) zirconate titanate), while a plurality
ofultrasound transducers of the transducer array 54 for sound
speed measurement beam reception can be formed of a poly-
mer piezoelectric device represented by PVDF (polyvi-
nylidene difluoride).

[0069] If a polymer piezoelectric device is used for the
ultrasound transducers of the transducer array 54 for sound
speed measurement beam reception, it becomes possible to
suppress the influence of side lobe to improve resolution in
the depth direction and the direction perpendicular to the
depth direction.

[0070] A low-frequency ultrasonic beam may be transmit-
ted from the transducer array 53 for sound speed measure-
ment beam transmission, and two or more harmonics may be
received by the transducer array 54 for sound speed measure-
ment beam reception, thereby enhancing main lobe and fur-
ther reducing side lobe.

[0071] As shown in FIGS. 8A and 8B, the transducer array
53 for sound speed measurement beam transmission and the
transducer array 54 for sound speed measurement beam
reception may be sequentially disposed in parallel adjacently
in the elevation direction of the transducer array 3 for B-mode
image transmission/reception. The transducer array 53 for
sound speed measurement beam transmission and the trans-
ducer array 54 for sound speed measurement beam reception
can be configured to be tilted in the azimuth direction.
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[0072] Like an ultrasound probe 61 shown in FIGS. 9A and
9B, the transducer array 53 for sound speed measurement
beam transmission and the transducer array 54 for sound
speed measurement beam reception may be integrally
arranged as a single body so as to be adjacent to each other in
the azimuth direction and may be disposed adjacently in the
elevation direction of the transducer array 3 for B-mode
image transmission/reception.

[0073] Though not shown, the transducer array 53 for
sound speed measurement beam transmission and the trans-
ducer array 54 for sound speed measurement beam reception
may be disposed adjacently in the azimuth direction of the
transducer array 3 for B-mode image transmission/reception.
The transducer array 53 for sound speed measurement beam
transmission and the transducer array 54 for sound speed
measurement beam reception may be laminated.

[0074] Although in theultrasound probe 51 of Embodiment
3 shown in FIG. 7, the transducer array 3 for B-mode image
transmission/reception and the transducer array 54 for sound
speed measurement beam reception are commonly connected
to the reception circuit 6, and the reception circuit 6 produces
reception data for a B-mode image and reception data for
sound speed measurement, an additional reception circuit for
sound speed measured may be provided separately from the
reception circuit 6, and the transducer array 54 for sound
speed measurement beam reception may be connected to the
reception circuit for sound speed measurement to produce
reception data for sound speed measurement.

[0075] Similarly, an additional transmission circuit for
sound speed measurement may be provided separately from
the transmission circuit 5, and driving signals may be sup-
plied from the transmission circuit for sound speed measure-
ment to the transducer array 53 for sound speed measurement
beam transmission to transmit ultrasonic beams for sound
speed measurement.

[0076] Although in Embodiments 1 to 3 described above,
reception data output from the reception circuit 6 is tempo-
rarily stored in the reception data memory 18, and the sound
speed map producer 19 produces a sound speed map in the
region of interest R using reception data stored in the recep-
tion data memory 18, the sound speed map producer 19 may
directly receive reception data output from the reception cir-
cuit 6 to produce a sound speed map.

[0077] The reception data memory 18 stores not only
reception data for sound speed measurement but also recep-
tion data for B-mode image production. For this reason,
reception data for B-mode image production may be read
from the reception data memory 18 as necessary under the
control of the apparatus body controller 20, and a B-mode
image may be generated by the image producer 23.

[0078] The connection of the ultrasound probe 1, 31, 41,
51, or 61 and the diagnostic apparatus body 2 in Embodi-
ments 1 to 3 described above may be either wired connection
or connection by wireless communication.

What is claimed is:

1. An ultrasound probe which transmits an ultrasonic beam
toward a subject and receives an ultrasonic echo from the
subject, the ultrasound probe comprising:

afirst transducer array for a B-mode image which transmits

an ultrasonic beam for a B-mode image;

a second transducer array for sound speed measurement

which is tiltably provided and transmits an ultrasonic
beam for sound speed measurement; and
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a tilting unit which tilts the second transducer array for
sound speed measurement in accordance with the angle
of an abdominal wall of the subject.

2. The ultrasound probe according to claim 1, further com-

prising:

a transmission circuit which transmits an ultrasonic beam
for a B-mode image from the first transducer array for a
B-mode image and transmits an ultrasonic beam for
sound speed measurement from the second transducer
array for sound speed measurement; and

a reception circuit which processes a reception signal
based on the ultrasonic echo from the subject to obtain
reception data for a B-mode image and reception data
for sound speed measurement.

3. The ultrasound probe according to claim 2,

wherein the reception circuit processes a reception signal
output from the first transducer array for a B-mode
image having received an ultrasonic echo of the ultra-
sonic beam for sound speed measurement from the sub-
ject to obtain reception data for sound speed measure-
ment.

4. The ultrasound probe according to claim 2,

wherein the reception circuit processes a reception signal
output from the second transducer array for sound speed
measurement having received an ultrasonic echo of the
ultrasonic beam for sound speed measurement from the
subject to obtain reception data for sound speed mea-
surement.

5. The ultrasound probe according to claim 4,

wherein the second transducer array for sound speed mea-
surement includes an array for transmission and an array
for reception, and

the reception circuit processes a reception signal output
from the array for reception having received the ultra-
sonic echo of the ultrasonic beam for sound speed mea-
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surement transmitted from the array for transmission
from the subject to obtain reception data for sound speed
measurement.

6. The ultrasound probe according to claim 5,

wherein the reception circuit includes a reception circuit
for a B-mode image and a reception circuit for sound
speed measurement, and

a reception signal output from the array for reception hav-
ing received the ultrasonic echo of the ultrasonic beam
for sound speed measurement transmitted from the array
for transmission from the subject is processed by the
reception circuit for sound speed measurement and
reception data for sound speed measurement is obtained.

7. An ultrasound diagnostic apparatus comprising:

the ultrasound probe according to claim 1;

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

an abdominal wall detector which detects the angle of an
abdominal wall of a subject on a B-mode image pro-
duced by the image producer;

a controller which adjusts the tilt angle of the second trans-
ducer array for sound speed measurement by the tilting
unit in accordance with the angle of the abdominal wall
detected by the abdominal wall detector; and

a sound speed map producer which produces a sound speed
map on the basis of reception data for sound speed
measurement obtained by the reception circuit.

8. The ultrasound diagnostic apparatus according to claim

wherein the controller adjusts the tilt angle of the second
transducer array for sound speed measurement by the
tilting unit so as to reduce the influence of refraction of
the ultrasonic beam for sound speed measurement from
the abdominal wall.

Ed sk sk sk Ed
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