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ULTRASOUND DIAGNOSTIC APPARATUS,
TISSUE ELASTICITY MEASUREMENT
METHOD, AND RECORDING VMEDIUM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus, particularly to an ultrasound diagnostic
apparatus, a tissue elasticity measurement method, and a
recording medium for measuring tissue elasticity of a subject.
[0002] Ultrasound diagnostic apparatuses using ultrasound
images are put to practical use in the medical field.

[0003] In general, this type of ultrasound diagnostic appa-
ratus includes an ultrasound probe (hereinafter also called
“probe”)having a piezoelectric element array in which piezo-
electric elements transmitting and receiving ultrasonic waves
are arranged, and a diagnostic apparatus body.

[0004] Theultrasound diagnostic apparatus transmits ultra-
sonic waves from the probe into a subject’s body, receives the
ultrasonic echo from the subject with the probe, and electri-
cally processes the resulting reception signals with the diag-
nostic apparatus body to produce an ultrasound image.
[0005] The piezoelectric element array of the ultrasound
probe receives through a plurality of piezoelectric elements
an ultrasonic echo resulted from one transmission of an ultra-
sonic beam. Accordingly, even though an ultrasonic echo
results from reflection at the same reflection point, the time
taken to enter each piezoelectric element varies depending on
the position of the piezoelectric element.

[0006] To cope with it, the ultrasound diagnostic apparatus
performs delay correction on reception signals output from
the ultrasound probe for the respective piezoelectric elements
using a delay time corresponding to, for example, the position
of each piezoelectric element, followed by addition (match-
ing addition), thereby producing a proper ultrasound image
without distortion.

[0007] Aside from that, in recent years, tissue elasticity
measurement (elastography) of a living body for measuring
the elasticity of a body tissue by an ultrasound diagnostic
apparatus is put into practical use.

[0008] While stiff tissues in a living body hardly exhibit
strain by pressure, tissues applied with pressure exhibit
higher strain as they are softer. In the tissue elasticity mea-
surement by the ultrasound diagnostic apparatus, for
instance, an ultrasound probe is used to press the subject, and
the correlation between ultrasound images produced before
and after applying pressure or between two ultrasound
images produced with a different degree of pressure (the
displacement in the same region of the subject caused by
applied pressure) is utilized to measure the elasticity of the
inside of the tissue (JP 2001-519674 A, JP 2010-69006 A and
JP 4221555 B).

SUMMARY OF THE INVENTION

[0009] In such tissue elasticity measurement by the ultra-
sound diagnostic apparatus, ultrasound images produced
before and after applying pressure or ultrasound images pro-
duced with a different degree of pressure may be distorted.
When one of ultrasound images is distorted in the tissue
elasticity measurement, the result of the tissue elasticity mea-
surement is affected by the distortion and it hinders an accu-
rate diagnosis.

[0010] An object of the present invention is to solve the
foregoing drawback in the prior art and, as the first aspect, to
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provide an ultrasound diagnostic apparatus which enables to
accurately measure tissue elasticity of a subject.

[0011] An object of the present invention is, as the second
aspect, to provide a tissue elasticity measurement method
which enables to accurately measure tissue elasticity of a
subject.

[0012] An object of the present invention is, as the third
aspect, to provide a recording medium which enables to accu-
rately measure tissue elasticity of a subject.

[0013] In order to attain the object, the present invention
provides an ultrasound diagnostic apparatus comprising:
[0014] a piezoelectric element array having piezoelectric
elements arranged therein, each adapted to transmit ultra-
sonic waves, receive an ultrasonic echo reflected by a subject,
and output a reception signal according to received ultrasonic
waves;

[0015] a controller adapted to control transmission and
reception of ultrasonic waves by the piezoelectric element
array;

[0016] a storage unit adapted to store the reception signal
output by the piezoelectric element array;

[0017] a sound velocity setting unit adapted to divide the
subject into multiple segment regions and set a sound velocity
for each of the segment regions with use of the reception
signal stored in the storage unit;

[0018] animage producer adapted to produce an ultrasound
image by processing the reception signal output by the piezo-
electric element array or the reception signal read out from the
storage unit based on the sound velocity for each of the
segment regions;

[0019] a tissue elasticity calculator adapted to calculate
tissue elasticity ofthe subject with use of the reception signal
processed by the image producer; and

[0020] an image display unit,

[0021] wherein when the tissue elasticity calculator calcu-
lates the tissue elasticity,

[0022] the controller causes the piezoelectric element array
to perform transmission and reception of ultrasonic waves for
sound velocity setting so that the sound velocity setting unit
sets a sound velocity,

[0023] the sound velocity setting unit sets the sound veloc-
ity for each of the segment regions of the subject with use of
the reception signal acquired through the transmission and
reception of ultrasonic waves for sound velocity setting, and
[0024] the tissue elasticity calculator calculates the tissue
elasticity of the subject with use of the reception signal pro-
cessed by the image producer based on the sound velocity set
through the transmission and reception of ultrasonic waves
for sound velocity setting.

[0025] Preferably, in the ultrasound diagnostic apparatus
according to the present invention, the image producer pro-
duces the ultrasound image by processing the reception signal
output by the piezoelectric element array based on the sound
velocity set through the transmission and reception of ultra-
sonic waves for sound velocity setting when the tissue elas-
ticity calculator calculates the tissue elasticity.

[0026] Preferably, a calculation result of the tissue elastic-
ity calculated by the tissue elasticity calculator and the ultra-
sound image produced by the image producer are displayed
on the image display unit.

[0027] Preferably, the image display unit performs display
in at least one of an arrangement having an image in which the
calculation result of the tissue elasticity overlaps the ultra-
sound image; an arrangement having the calculation result of
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the tissue elasticity and the ultrasound image arranged side by
side; an arrangement having the image in which the calcula-
tion result of the tissue elasticity overlaps the ultrasound
image and the ultrasound image arranged side by side; and an
arrangement having the image in which the calculation result
of the tissue elasticity overlaps the ultrasound image and the
calculationresult of the tissue elasticity arranged side by side.

[0028] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises a displacement detector adapted to detect dis-
placement of the piezoelectric element array,

[0029] wherein when the tissue elasticity calculator calcu-
lates the tissue elasticity of the subject, in a case where the
displacement detector detects that there is no displacement of
the piezoelectric element array, the controller does not allow
the piezoelectric element array to perform the transmission
and reception of ultrasonic waves for sound velocity setting,
and the tissue elasticity calculator and the image producer
process the reception signal based on a sound velocity of the
subject most recently set by the sound velocity setting unit.

[0030] Preferably, the displacement detector is at least one
of a pressure gauge provided at an ultrasound probe of the
ultrasound diagnostic apparatus, a displacement sensor
adapted to detect displacement of the piezoelectric element
array, and an image analyzer adapted to analyze the reception
signal processed by the image producer.

[0031] Preferably, the tissue elasticity calculator calculates
the tissue elasticity of the subject with use of the reception
signal acquired through the transmission and reception of
ultrasonic waves for sound velocity setting or with use of the
reception signal acquired through subsequent transmission
and reception of ultrasonic waves as carried out immediately
after the transmission and reception of ultrasonic waves for
sound velocity setting.

[0032] Preferably, the image producer produces the ultra-
sound image with use of the reception signal acquired
through the transmission and reception of ultrasonic waves
for sound velocity setting or with use of the reception signal
acquired through subsequent transmission and reception of
ultrasonic waves as carried out immediately after the trans-
mission and reception of ultrasonic waves for sound velocity
setting when the tissue elasticity calculator calculates the
tissue elasticity of the subject.

[0033] The present invention provides a tissue elasticity
measurement method, comprising the steps of:

[0034] at a time when tissue elasticity of a subject is mea-
sured by an ultrasound diagnostic apparatus,

[0035] causing a piezoelectric element array having piezo-
electric elements arranged therein, each adapted to transmit
ultrasonic waves, receive an ultrasonic echo reflected by the
subject, and output a reception signal according to received
ultrasonic waves, to perform transmission and reception of
ultrasonic waves for sound velocity setting for setting a sound
velocity of the subject;

[0036] setting the sound velocity for each of segment
regions established by dividing the subject based on the
reception signal acquired through the transmission and recep-
tion of ultrasonic waves for sound velocity setting; and

[0037] calculating the tissue elasticity of the subject with
use of the reception signal which has been output from the
piezoelectric element array and processed based on the sound
velocity set through the transmission and reception of ultra-
sonic waves for sound velocity setting.
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[0038] Preferably, the tissue elasticity measurement
method according to the present invention further comprises
the step of:

[0039] producing an ultrasound image by processing the
reception signal output by the piezoelectric element array
based on the sound velocity set through the transmission and
reception of ultrasonic waves for sound velocity setting.

[0040] The present invention provides a recording medium
having stored therein a program that causes a computer to
implement:

[0041] astep of causing a piezoelectric element array hav-
ing piezoelectric elements arranged therein, each adapted to
transmit ultrasonic waves, receive an ultrasonic echo
reflected by a subject, and output a reception signal according
to received ultrasonic waves, to perform transmission and
reception of ultrasonic waves for sound velocity setting for
setting a sound velocity of the subject;

[0042] astep of setting the sound velocity for each of seg-
ment regions established by dividing the subject based on the
reception signal acquired through the transmission and recep-
tion of ultrasonic waves for sound velocity setting; and

[0043] astep of calculating the tissue elasticity of the sub-
ject with use of the reception signal which has been output
from the piezoelectric element array and processed based on
the sound velocity set through the transmission and reception
of ultrasonic waves for sound velocity setting.

[0044] Preferably, the stored program causes the computer
to further implement a step of producing an ultrasound image
by processing the reception signal output by the piezoelectric
element array based on the sound velocity set through the
transmission and reception of ultrasonic waves for sound
velocity setting.

[0045] According to the present invention, an ultrasound
image (sound ray signal) used in tissue elasticity measure-
ment can be produced based on an appropriate sound velocity
in a subject applied with pressure. Specifically, all ultrasound
images used in tissue elasticity measurement are subjected to
delay correction based on an appropriate sound velocity. Pref-
erably, a high-quality ultrasound image produced during the
tissue elasticity measurement based on an appropriate sound
velocity in a subject applied with pressure is displayed along
with a result of the tissue elasticity measurement.

[0046] Hence, according to the present invention, an accu-
rate diagnosis can be performed with the use of the accurate
result of the tissue elasticity measurement and possibly the
high-quality ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a block diagram conceptually showing an
ultrasound diagnostic apparatus of the invention.

[0048] FIG. 2is a conceptual diagram for explaining tissue
elasticity measurement in the ultrasound diagnostic apparatus
shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0049] An ultrasound diagnostic apparatus, a tissue elastic-
ity measurement method, and a recording medium of the
invention will be described below in detail with reference to
preferred embodiments shown in the accompanying draw-
ings.
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[0050] FIG. 1 is a block diagram conceptually showing an
example of an ultrasound diagnostic apparatus of the inven-
tion which implements a tissue elasticity measurement
method of the invention.

[0051] As shown in FIG. 1, an ultrasound diagnostic appa-
ratus 10 has an ultrasound probe 12 (hereinafter called “probe
12”) including a piezoelectric element array 14.

[0052] Thepiezoelectric elementarray 14 of the probe 12 is
connected to a transmission circuit 16 and a reception circuit
18. The reception circuit 18 is connected in sequence to a
signal processor 20, a digital scan converter (DSC) 24, an
image processor 26, a display controller 28, and a display unit
30. The image processor 26 is connected to an image memory
32.

[0053] The signal processor 20, the DSC 24, the image
processor 26, and the image memory 32 constitute an ultra-
sound image producer 50.

[0054] Thesignal processor 20, the image processor 26, the
display controller 28, and the image memory 32 are con-
nected to an elasticity calculator 34.

[0055] The reception circuit 18 and the signal processor 20
are connected to a reception data memory 36, and the image
memory 32 and the signal processor 20 are connected to a
sound velocity setting unit 40.

[0056] Furthermore, the transmission circuit 16, the recep-
tion circuit 18, the signal processor 20, the DSC 24, the
display controller 28, the elasticity calculator 34, the recep-
tion data memory 36, and the sound velocity setting unit 40
are connected to a controller 42. The controller 42 is also
connected to an operating unit 46 and a storage unit 48.

[0057] In the illustrated example, the transmission circuit
16, the reception circuit 18, the ultrasound image producer
50, the display controller 28, the display unit 30, the elasticity
calculator 34, the reception data memory 36, the sound veloc-
ity setting unit 40, the controller 42, the operating unit 46, and
the storage unit 48 constitute a diagnostic apparatus body of
the ultrasound diagnostic apparatus 10.

[0058] The diagnostic apparatus body is configured by
using, for example, a computer.

[0059] The piezoelectric element array 14 of the probe 12
includes a plurality of piezoelectric elements (ultrasound
transducers) arranged one-dimensionally or two-dimension-
ally. These piezoelectric elements each transmit ultrasonic
waves according to driving signals supplied from the trans-
mission circuit 16 and receive ultrasonic echoes from the
subject to output reception signals.

[0060] The piezoelectric element is composed of a vibrator
in which electrodes are provided at the both ends of a piezo-
electric body. The piezoelectric body may be composed of,
for example, a piezoelectric ceramic typified by lead zircon-
ate titanate (PZT). a piezoelectric polymer typified by poly-
vinylidene fluoride (PVDF), or a piezoelectric monocrystal
typified by lead magnesium niobate-lead titanate solid solu-
tion (PMN-PT).

[0061] When a pulsed voltage or a continuous-wave volt-
age is applied to the electrodes of such a vibrator, the piezo-
electric body expands and contracts to cause the vibrator to
generate pulsed or continuous ultrasonic waves. The ultra-
sonic waves generated at the respective vibrators are synthe-
sized to form an ultrasonic beam.

[0062] Further, upon reception of propagating ultrasonic
waves, the vibrators expand and contract to produce electric
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signals. The electric signals are output from the piezoelectric
elements (piezoelectric element array 14) as reception signals
of the ultrasonic waves.

[0063] The transmission circuit 16 includes, for instance, a
plurality of pulse generators. The transmission circuit 16
adjusts delay amounts ofthe driving signals and then supplies
the adjusted driving signals to the respective piezoelectric
elements so that the ultrasonic waves transmitted from the
piezoelectric element array 14 form an ultrasonic beam as
desired. The transmission circuit 16 adjusts each delay
amount based on a transmission delay pattern selected in
accordance with a control signal from the controller 42.
[0064] The reception circuit 18 amplifies the reception sig-
nals transmitted from the piezoelectric elements of the piezo-
electric element array 14 and analog-to-digital converts the
amplified signals to produce pieces of digitalized reception
data as many as the number of reception channels.

[0065] Based on sound velocities (a set sound velocity and
an optimal sound velocity to be described later) input from the
sound velocity setting unit 40, the signal processor 20 per-
forms dedicated delay correction on each of the pieces of
reception data produced by the reception circuit 18 to produce
pieces of delay correction data. Further, the signal processor
20 adds those pieces of delay correction data (performs
matching addition) to perform a reception focusing process.
By this process, the ultrasonic echo is well focused so as to
produce a sound ray signal (sound ray data).

[0066] Furthermore, the signal processor 20 corrects the
sound ray signals for the attenuation due to distance accord-
ing to the depth at which the ultrasonic waves are reflected,
and then performs an envelope detection process. By this
process, the signal processor 20 produces a B-mode image
signal (ultrasound image) which is tomographic image infor-
mation relating to the tissue in the subject.

[0067] The DSC 24 converts the B-mode image signal pro-
duced by the signal processor 20 into an image signal com-
patible with an ordinary television signal scanning mode
(raster conversion).

[0068] The image processor 26 performs various kinds of
necessary image processing such as gradation processing on
the B-mode image signal entered from the DSC 24, and
outputs the B-mode image signal to the display controller 28.
Alternatively, the image processor 26 stores the B-mode
image signal having been subjected to the necessary process-
ing in the image memory 32.

[0069] As described above, the ultrasound image producer
50 is made up of the signal processor 20, the DSC 24, the
image processor 26, and the image memory 32.

[0070] Based on the B-mode image signal having been
subjected to the image processing by the image processor 26,
various kinds of information input by the operating unit 46, a
result of elasticity measurement by the elasticity calculator
34, and the like, the display controller 28 causes the display
unit 30 to display an ultrasound diagnostic image, the elas-
ticity measurement result and the like.

[0071] Thedisplay unit30 includes a display device such as
an LCD, for example, and displays the ultrasound diagnostic
image under the control of the display controller 28. In this
example, the display controller 28 and the display unit 30 are
capable of displaying color images.

[0072] When performing the elasticity measurement of the
subject, the elasticity calculator 34 acquires the cross-corre-
lation between corresponding sound ray signals produced by
the signal processor 20 with respect to two ultrasound images
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produced before and after pressing the subject or two ultra-
sound images produced with a different degree of pressure,
and calculates tissue elasticity of the subject.

[0073] Itshould be noted that, in the present invention, as a
method of tissue elasticity calculation performed by the elas-
ticity calculator 34, known methods in which ultrasound
images produced before and after pressing the subject or
ultrasound images produced with a different degree of pres-
sure are used to acquire the correlation between the images,
thereby calculating tissue elasticity of the subject, are all
applicable.

[0074] The reception data memory 36 sequentially stores
the reception data output from the reception circuit 18 and
stores the delay correction data produced by the signal pro-
cessor 20.

[0075] The sound velocity setting unit 40 sets optimal
sound velocities that are sound velocities of (the inside of) the
subject.

[0076] In the present invention, the sound velocity setting
unit 40 divides the inside of the subject into multiple segment
regions and sets an optimal sound velocity for each of the
segment regions. As an example, the sound velocity setting
unit 40 provides a predetermined set sound velocity to the
signal processor 20 and causes the ultrasound image producer
50 to produce B-mode image signals while changing the set
sound velocity. The sound velocity setting unit 40 analyzes
B-mode images thus produced with the different set sound
velocities and sets a sound velocity at which the contrast or
the sharpness of the image is highest as the optimal sound
velocity of each segment region of the subject.

[0077] The controller 42 controls components of the ultra-
sound diagnostic apparatus according to instructions entered
by the operator using the operating unit 46.

[0078] The operating unit 46 is provided for the operator to
perform input operations and may be composed of, for
example, a keyboard, a mouse, a track ball, and/or a touch
panel.

[0079] Thestorage unit48 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, and
a USB memory, or a server.

[0080] The signal processor 20, the DSC 24, the image
processor 26, the display controller 28, and the sound velocity
setting unit 40 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.

[0081] The present invention will be explained in further
detail by explaining the operation of the tissue elasticity mea-
surement of the subject by the ultrasound diagnostic appara-
tus 10. A recording medium according to the present inven-
tion is a recording medium that has a program recorded
therein for causing a computer to implement the tissue elas-
ticity measurement method of the invention to be described
below and is readable by a computer.

[0082] An elasticity measurement mode used when mea-
suring tissue elasticity of the subject as set in the ultrasound
diagnostic apparatus 10. In response to selection of the elas-
ticity measurement mode through the operation of the oper-
ating unit 46, the ultrasound diagnostic apparatus 10 mea-
sures tissue elasticity of the subject.

[0083] Upon selection of the elasticity measurement mode,
the controller 42 provides instructions to the transmission
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circuit 16 and the reception circuit 18 so as to cause the
piezoelectric element array 14 to alternately perform trans-
mission and reception of ultrasonic waves for setting (reset-
ting/updating) a sound velocity (optimal sound velocity) and
transmission and reception of ultrasonic waves for producing
an ultrasound image and measuring tissue elasticity at prede-
termined intervals.

[0084] In the following explanation, the transmission and
reception of ultrasonic waves for setting a sound velocity is
also referred to as transmission/reception for sound velocity
setting, for convenience. Further, in the following explana-
tion, the transmission and reception of ultrasonic waves for
producing an ultrasound image and measuring the tissue elas-
ticity is also referred to as transmission/reception for output,
for convenience.

[0085] The measurement of tissue elasticity is performed
by compressing the subject by the probe 12.

[0086] Specifically, in the elasticity measurement mode,
the operator (doctor) compresses a subject M with gradually
increasing force with the use of the probe 12 according to, for
instance, the display on the display unit 30, as conceptually
shown in FIG. 2.

[0087] In this example, in the transmission/reception for
output, transmission and reception having a predetermined
focal point is performed one time for one sound ray signal to
be produced (for a certain position in the azimuth direction).
Alternatively, in this example, in the transmission/reception
for output, transmission and reception is performed two times
with different focal points (focal points different in position in
the depth direction) for one sound ray signal to be produced.
[0088] On the other hand, in the transmission/reception for
sound velocity setting in the ultrasound diagnostic apparatus
10, transmission and reception of ultrasonic waves is per-
formed more times than the number of times the transmis-
sion/reception for output is performed with mutually differ-
ent focal points for one sound ray signal to be produced. In
addition, the number of sound ray signals (the density of
sound rays in the azimuth direction) may also be increased
more than that in the transmission/reception for output.
[0089] Tt should be noted that, in the present invention, the
number of focal points corresponding to one sound ray signal
or the number of sound ray signals may differ between trans-
mission and reception of ultrasonic waves for producing an
ultrasound image and measuring tissue elasticity (transmis-
sion/reception for output) and transmission and reception of
ultrasonic waves only for producing an ordinary ultrasound
image with no measurement of tissue elasticity.

[0090] FIG. 2 also conceptually illustrates an example of
the transmission/reception for sound velocity setting.

[0091] InFIG. 2, the solid lines in the subject M represent
sound ray signals to be produced (i.e., scanning lines to be
produced). Points on the sound ray signals represent focal
points of transmitted ultrasonic beams. Specifically, in this
example of the transmission/reception for sound velocity set-
ting, transmission and reception of ultrasonic beams is per-
formed five times with mutually different focal points to
produce one sound ray signal.

[0092] Reception signals output from the respective piezo-
electric elements of the piezoelectric element array 14 in
response to the above-described transmission/reception for
sound velocity setting undergo amplification and A/D con-
version by the reception circuit 18, and the resulting pieces of
reception data are sequentially stored in the reception data
memory 36.
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[0093] At the same time, the sound velocity setting unit 40
supplies a first set sound velocity S1 to the signal processor
20.

[0094] The signal processor 20 reads out the pieces of
reception data stored in the reception data memory 36, imple-
ments delay correction on the pieces of reception data based
onthesupplied first set sound velocity S1to produce pieces of
delay data, and adds the produced pieces of delay data to
perform the reception focusing process to thereby produce a
sound ray signal. The signal processor 20 further implements
the correction of attenuation and the envelope detection pro-
cess on the sound ray signal to thereby produce a B-mode
image signal.

[0095] The B-mode image signal undergoes raster conver-
sion by the DSC 24 and then various kinds of image process-
ing by the image processor 26, and subsequently, is stored in
the image memory 32 as a B-mode image signal for sound
velocity setting.

[0096] The sound velocity setting unit 40 provides a plu-
rality of set sound velocities S1 to Sn to the signal processor
20 in sequence, and B-mode image signals corresponding to
those set sound velocities S1 to Sn are produced by the ultra-
sound image producer 50 and stored in the image memory 32.
[0097] After the B-mode image signals corresponding to
the set sound velocities S1 to Sn are stored in the image
memory 32, the sound velocity setting unit 40 performs the
analysis on the B-mode image signals stored in the image
memory 32. Based on the results of the analysis of the
B-mode image signals, the sound velocity setting unit 40 sets
a sound velocity at which the contrast or the sharpness of the
image is highest as the optimal sound velocity of the subject
of that moment (e.g., under the condition of Displacement 0,
Displacement 1 or Displacement 2 shown in FIG. 2).

[0098] In setting optimal sound velocities, the analysis of
the B-mode image signals is performed for each of segment
regions obtained by dividing the subject (ultrasound image),
and an optimal sound velocity is set for each of the segment
regions. Specifically, a sound velocity at which the contrast or
the sharpness of the image is highest is selected to be setas the
optimal sound velocity for each of the segment regions.
[0099] Intheillustrated example, as an example, the subject
is divided in the azimuth direction and in the direction parallel
to a sound ray to establish a grid pattern with focal points of
ultrasonic beams being taken as centers of the respective
segment regions, and an optimal sound velocity is set for each
of the thus-obtained segment regions. Specifically, an optimal
sound velocity is set to correspond to each focal point that is
formed in the transmission/reception for sound velocity set-
ting.

[0100] Thus, the optimal sound velocity is a sound velocity
from a segment region to the piezoelectric elements, where
the sound velocity is considered as uniform in the subject
from the segment region to the piezoelectric elements. In
other words, the optimal sound velocity is an average sound
velocity in the subject from a segment region to the piezo-
electric elements.

[0101] Tt should be noted that division of the subject for
which optimal sound velocities are set, i.e., focal points
formed in the transmission/reception for sound velocity set-
ting, may be suitably set in accordance with, for instance,
required accuracy of tissue elasticity measurement, required
image quality, or required processing speed.

[0102] Preferably, focal points are each formed at the same
position in every pixel of an ultrasound image to be produced.
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Alternatively, one focal point may be given for several pixels
whose number is appropriately determined in such a manner
of giving, for example, one focal point per three pixels, nine
pixels, and so forth. Still alternatively, segment regions may
be set by equally dividing an ultrasound image by an appro-
priately-set number, for example, by 10 or 20.

[0103] Furthermore, the number of segment regions, the
number of focal points on one scanning line, or the like may
be determined by the operator. The foregoing setting of seg-
ment regions may be made through the operation of mode
selection or the like.

[0104] A method of setting a sound velocity of a subject is
not limited to the foregoing method and use may be made of
various known sound velocity setting methods employed in
ultrasound diagnostic apparatuses or ultrasound image gen-
erating methods.

[0105] In the ultrasound diagnostic apparatus 10, setting
(resetting/updating) of sound velocities is performed at
appropriately-set predetermined timing, in addition to the
time of measuring tissue elasticity.

[0106] Various kinds of timing can be applied for setting
optimal sound velocities. For example, an optimal sound
velocity may be set at the start of a diagnosis, set for every
predetermined number of frames, set when the probe 12 has
been moved by a predetermined distance or more, or set when
the probe 12 has remained at one place for a predetermined
period of time or more.

[0107] The optimal sound velocities of the respective seg-
ment regions set by the sound velocity setting unit 40 are each
linked with a relevant segment region, supplied to the signal
processor 20, and stored therein. Alternatively, the optimal
sound velocities may be linked with the relevant segment
regions, supplied to the storage unit 48, and stored therein, so
that the controller 42 reads out the optimal sound velocities
from the storage unit 48 to supply them to the signal processor
20.

[0108] As described above, in the elasticity measurement
mode, the transmission/reception for sound velocity setting
and the transmission/reception for output are alternately per-
formed at predetermined intervals.

[0109] After the transmission/reception for sound velocity
setting, the transmission/reception for output is performed so
that the piezoelectric element array 14 outputs a reception
signal resulting from the transmission/reception for output.
The reception signal is similarly processed by the reception
circuit 18 and the resulting reception data is supplied to the
signal processor 20. Alternatively, as necessary, the reception
data may be stored in the reception data memory 36, and the
signal processor 20 may read out the reception data from the
reception data memory 36 and subject the reception data to
processing below.

[0110] The signal processor 20 having acquired the recep-
tion data performs dedicated delay correction on each piece
of the reception data based on the stored optimal sound veloc-
ity of each segment region as set in the latest transmission/
reception for sound velocity setting (i.e., the updated optimal
sound velocity of each segment region), thereby producing
pieces of delay correction data.

[0111] Subsequently. the signal processor 20 adds the pro-
duced pieces of delay correction data to perform the reception
focusing process to thereby produce a sound ray signal.
[0112] The signal processor 20 supplies the produced
soundray signal to the elasticity calculator 34. In addition, the
signal processor 20 performs the correction of attenuation
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and the envelope detection process on the sound ray signal to
produce a B-mode image signal.

[0113] The B-mode image signal produced by the signal
processor 20 undergoes raster conversion by the DSC 24 and
predetermined image processing by the image processor 26,
whereby a B-mode image signal for use in display is pro-
duced.

[0114] Atthistime, in the elasticity measurement mode, the
transmission/reception for sound velocity setting and the
transmission/reception for output are alternately performed at
predetermined intervals, as described above. Accordingly, the
ultrasound image producer 50 produces a sound ray signal
based on the optimal sound velocity updated in the latest
transmission/reception for sound velocity setting, to thereby
produce a B-mode image signal.

[0115] Further, in the elasticity measurement mode, the
operator presses the subject M with gradually increasing
force with the use of the probe 12 in accordance with, for
instance, the display on the display unit 30, as conceptually
shown in FIG. 2.

[0116] The sound ray signal produced through the trans-
mission/reception for output based on the optimal sound
velocity set in the latest transmission/reception for sound
velocity setting is supplied to the elasticity calculator 34.
[0117] Theelasticity calculator 34 calculates tissue elastic-
ity of the subject with respect to sound ray signals produced
through two times of the transmission/reception for output as
consecutively carried out by using the correlation of pixels on
the sound ray signals (the correlation at the same region on the
sound ray signals).

[0118] As described above, a known method for tissue elas-
ticity calculation in which the correlation between ultrasound
images (sound ray signals) produced with a different degree
of pressure is obtained to calculate tissue elasticity can be
used.

[0119] For instance, the elasticity calculator 34 calculates
tissue elasticity under the state of Displacement 1 in FIG. 2
based on the correlation between a sound ray signal produced
through the transmission/reception for output in the state of
Displacement 0 and another sound ray signal produced
through the subsequent transmission/reception for output in
the state of Displacement 1.

[0120] The elasticity calculator 34 then calculates tissue
elasticity under the state of Displacement 2 based on the
correlation between the sound ray signal in the state of Dis-
placement 1 and a sound ray signal produced through the
subsequent transmission/reception for output in the state of
Displacement 2.

[0121] In this way, the elasticity calculator 34 obtains the
correlation between a sound ray signal produced through
certain transmission/reception for output and a sound ray
signal produced through the subsequent transmission/recep-
tion for output to thereby calculate tissue elasticity of the
subject under the state in which the subsequent transmission/
reception for output is performed.

[0122] It should be noted that the calculation method of
tissue elasticity is not limited to the one using sound ray
signals produced through two times of transmission/recep-
tion for output as consecutively carried out. Specifically, in
the tissue elasticity calculation, sound ray signals (ultrasound
images) produced through the transmission/reception for out-
put carried out at appropriately-set predetermined intervals
may be used to calculate tissue elasticity.

Jun. 26,2014

[0123] The elasticity calculator 34 links the calculation
result, i.e., the measurement result of tissue elasticity with a
corresponding sound ray signal and sends the measurement
result to at least one of the image memory 32, the image
processor 26, and the display controller 28.

[0124] Upon receiving the measurement result of tissue
elasticity, the image memory 32 links the measurement result
oftissue elasticity with a B-mode image signal with which the
tissue elasticity was measured, and stores the measurement
result.

[0125] As described above, the image processor 26 pro-
duces a B-mode image for use in display through the trans-
mission/reception for output. Upon receiving the measure-
ment result of tissue elasticity, the image processor 26 further
produces at least one of an image indicative of the measure-
ment result of tissue elasticity for use in display and an image
in which the measurement result of tissue elasticity overlaps
its corresponding B-mode image.

[0126] The measurement result of tissue elasticity is dis-
played in a color scale, for instance.

[0127] Thedisplay controller 28 causes the display unit 30
to display the color scale indicative of the tissue elasticity and
the images supplied from the image processor 26 such as the
B-mode image and the image of the measurement result of
tissue elasticity.

[0128] Thetissue elasticity measurement by the ultrasound
diagnostic apparatus is performed by pressing the subject
with the probe 12. At this time, a sound velocity in the subject
varies depending on the state of applied pressure. Specifi-
cally, a sound velocity in the subject varies in response to
pressure applied with the probe 12 during the measurement of
tissue elasticity. Consequently, in the tissue elasticity mea-
surement by conventional ultrasound diagnostic apparatuses,
a distorted sound ray signal is produced based on an inappro-
priate sound velocity, so that the measurement result of tissue
elasticity is adversely affected by the distortion.

[0129] Inthe present invention, a sound velocity is updated
(reset), the updated sound velocity is used to produce a sound
ray signal (ultrasound image), and the sound ray signal pro-
duced based on the appropriate sound velocity is used to
measure tissue elasticity. Therefore, according to the present
invention, tissue elasticity of the subject can be accurately
measured based on the appropriate sound velocity.

[0130] In the present invention, while it is preferred that,
along with the measurement result of tissue elasticity, its
corresponding B-mode image (ultrasound image) be also pro-
duced, as a further preferred alternative embodiment, this
B-modeimage is produced based on the updated sound veloc-
ity as well. Accordingly, this embodiment makes it possible to
carry out a further accurate diagnosis by observing the
B-mode image produced based on the appropriate sound
velocity along with the accurate tissue elasticity.

[0131] The display of a measurement result of tissue elas-
ticity in the display unit 30 may only have the measurement
result oftissue elasticity. Preferably, however, the display unit
30 displays the measurement result of tissue elasticity along
with a B-mode image.

[0132] A measurement result of tissue elasticity and a
B-mode image may be displayed in various arrangement
styles. For instance, a measurement result of tissue elasticity
and its corresponding B-mode image may be arranged side by
side. A measurement result of tissue elasticity may overlap its
corresponding B-mode image in display. An image in which
a measurement result of tissue elasticity overlaps its corre-
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sponding B-mode image, and this corresponding B-mode
image may be arranged side by side. A measurement result of
tissue elasticity and an image in which the measurement
result of tissue elasticity overlaps its corresponding B-mode
image may be arranged side by side. Any two or more of the
foregoing arrangement styles may be simultaneously applied.

[0133] Meanwhile, in the elasticity measurement mode, a
sound velocity in the subject is considered to hardly vary
under the condition where there is no change in the pressure
applied to the subject through the probe 12, i.e., the probe 12
is not displaced. Accordingly, updating the sound velocity
under this condition leads to useless calculation and also
induces the decrease in the frame rate.

[0134] To cope with it, in the ultrasound diagnostic appa-
ratus 10, displacement detection means (displacement detec-
tor) may be provided at the probe 12 to control the transmis-
sion and the reception of ultrasonic waves in accordance with
the displacement of the probe 12 in the elasticity measure-
ment mode. Specifically, the displacement of the probe 12,
1.e., the piezoelectric element array 14 is detected in the
elasticity measurement mode. Under the condition where
there is no displacement of the piezoelectric element array 14,
which is determined based on the aforesaid displacement
detection, only the transmission/reception for output may be
performed at predetermined intervals with no transmission/
reception for sound velocity setting, and based on a sound
velocity acquired in the latest update, the above-described
calculation of tissue elasticity of the subject and possibly the
production of a B-mode image may be perforned.

[0135] As the displacement detection means of the piezo-
electric element array 14, one exemplary method is, for
instance, providing a pressure gauge at the probe 12 to detect
pressure applied to the probe 12, and based thereon, detect the
displacement of the piezoelectric element array 14. Alterna-
tively, a method in which a displacement sensor such as an
acceleration sensor is provided at the probe 12 and based on
a result of the measurement by the displacement sensor, the
displacement of the piezoelectric element array 14 is
detected, may be employed. Still alternatively, use may be
made of a method in which a sound ray signal produced by the
signal processor 20 or a B-mode image produced by the
image processor 26 is analyzed and based on a variation in the
image or the like, the displacement of the piezoelectric ele-
ment array 14 is detected.

[0136] In the foregoing example, in the elasticity measure-
ment mode, the transmission/reception for sound velocity
setting and the transmission/reception for output are alter-
nately performed, so that a sound velocity is updated by using
a reception signal obtained through the transmission/recep-
tion for sound velocity setting while the measurement of
tissue elasticity and the production of a B-mode image are
performed by using a reception signal obtained through the
transmission/reception for output.

[0137] However, the present invention is not limited
thereto. In the elasticity measurement mode, the update of a
sound velocity, the measurement of tissue elasticity of a sub-
jectand the production ofa B-mode image may be carried out
by performing only the transmission/reception for sound
velocity setting and using a reception signal obtained through
the transmission/reception for sound velocity setting.

[0138] Specifically, in this alternative embodiment, when
the ultrasound diagnostic apparatus 10 is in the elasticity
measurement mode, the piezoelectric element array 14 per-
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forms only the transmission/reception for sound velocity set-
ting at predetermined intervals.

[0139] A reception signal obtained through this transmis-
sion and reception is processed by the reception circuit 18,
output as reception data, and stored in the reception data
memory 36. When the reception data is stored in the reception
data memory 36, the signal processor 20 reads out the recep-
tion data and the sound velocity setting unit 40 updates the
sound velocity, similarly to the above-described configura-
tion. When the sound velocity is updated and supplied, the
signal processor 20 reads out the reception data from the
reception data memory 36 and produces a sound ray signal
with the updated sound velocity. After the sound ray signal is
produced, the elasticity calculator 34 calculates tissue elas-
ticity while the ultrasound image producer 50 produces a
B-mode image, and the calculation result and the B-mode
image are displayed on the display unit 30 in the same manner
as the above-described configuration.

[0140] Alternatively, in order to improve the frame rate,
only the production of a B-mode image may be performednot
based on a sound velocity most recently updated but based on
a sound velocity before the most-recently-updated sound
velocity, although this method is disadvantageous in terms of
the image quality.

[0141] Still alternatively, in the present invention, the trans-
mission and reception of ultrasonic waves for measuring tis-
sue elasticity and the transmission and reception of ultrasonic
waves for producing an ultrasound image corresponding to
the elasticity measurement may be separately performed. In
this case, preferably, the ultrasound image is produced based
on a sound velocity most recently updated.

[0142] While the ultrasound diagnostic apparatus, the tis-
sue elasticity measurement method, and the recording
medium according to the invention have been described
above in detail, the invention is by no means limited to the
above embodiments. and various improvements and modifi-
cations may be made without departing from the scope and
spirit of the invention.

[0143] The ultrasound probe can be advantageously
employed in an ultrasound diagnostic apparatus used for vari-
ous diagnoses in the medical settings.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a piezoelectric element array having piezoelectric ele-
ments arranged therein, each adapted to transmit ultra-
sonic waves, receive an ultrasonic echo reflected by a
subject, and output a reception signal according to
received ultrasonic waves;

a controller adapted to control transmission and reception
of ultrasonic waves by the piezoelectric element array;

a storage unit adapted to store the reception signal output
by the piezoelectric element array;

a sound velocity setting unit adapted to divide the subject
into multiple segment regions and set a sound velocity
for each of the segment regions with use of the reception
signal stored in the storage unit;

an image producer adapted to produce an ultrasound image
by processing the reception signal output by the piezo-
electric element array or the reception signal read out
from the storage unit based on the sound velocity for
each of the segment regions;

a tissue elasticity calculator adapted to calculate tissue
elasticity of the subject with use of the reception signal
processed by the image producer; and
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an image display unit,
wherein when the tissue elasticity calculator calculates the
tissue elasticity,
the controller causes the piezoelectric element array to
perform transmission and reception of ultrasonic waves
for sound velocity setting so that the sound velocity
setting unit sets a sound velocity,
the sound velocity setting unit sets the sound velocity for
each of the segment regions of'the subject with use of the
reception signal acquired through the transmission and
reception of ultrasonic waves for sound velocity setting,
and
the tissue elasticity calculator calculates the tissue elastic-
ity of the subject with use of the reception signal pro-
cessed by the image producer based on the sound veloc-
ity set through the transmission and reception of
ultrasonic waves for sound velocity setting.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the image producer produces the ultrasound image
by processing the reception signal output by the piezoelectric
element array based on the sound velocity set through the
transmission and reception of ultrasonic waves for sound
velocity setting when the tissue elasticity calculator calcu-
lates the tissue elasticity.
3. The ultrasound diagnostic apparatus according to claim
1, wherein a calculation result of the tissue elasticity calcu-
lated by the tissue elasticity calculator and the ultrasound
image produced by the image producer are displayed on the
image display unit.
4. The ultrasound diagnostic apparatus according to claim
3, wherein the image display unit performs display in at least
one of an arrangement having an image in which the calcu-
lation result of the tissue elasticity overlaps the ultrasound
image; an arrangement having the calculation result of the
tissue elasticity and the ultrasound image arranged side by
side; an arrangement having the image in which the calcula-
tion result of the tissue elasticity overlaps the ultrasound
image and the ultrasound image arranged side by side; and an
arrangement having the image in which the calculation result
of the tissue elasticity overlaps the ultrasound image and the
calculationresult of the tissue elasticity arranged side by side.
5. The ultrasound diagnostic apparatus according to claim
1, further comprising a displacement detector adapted to
detect displacement of the piezoelectric element array,
wherein when the tissue elasticity calculator calculates the
tissue elasticity of the subject, in a case where the dis-
placement detector detects that there is no displacement
of the piezoelectric element array, the controller does not
allow the piezoelectric element array to perform the
transmission and reception of ultrasonic waves for
sound velocity setting, and the tissue elasticity calcula-
tor and the image producer process the reception signal
based ona sound velocity ofthe subject most recently set
by the sound velocity setting unit.
6. The ultrasound diagnostic apparatus according to claim
5, wherein the displacement detector is at least one of a
pressure gauge provided at an ultrasound probe of the ultra-
sound diagnostic apparatus, a displacement sensor adapted to
detect displacement of the piezoelectric element array, and an
image analyzer adapted to analyze the reception signal pro-
cessed by the image producer.
7. The ultrasound diagnostic apparatus according to claim
1, wherein the tissue elasticity calculator calculates the tissue
elasticity of the subject with use of the reception signal
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acquired through the transmission and reception of ultrasonic
waves for sound velocity setting or with use of the reception
signal acquired through subsequent transmission and recep-
tion of ultrasonic waves as carried out immediately after the
transmission and reception of ultrasonic waves for sound
velocity setting.

8. The ultrasound diagnostic apparatus according to claim

1, wherein the image producer produces the ultrasound image
with use of the reception signal acquired through the trans-
mission and reception of ultrasonic waves for sound velocity
setting or with use of the reception signal acquired through
subsequent transmission and reception of ultrasonic waves as
carried out immediately after the transmission and reception
of ultrasonic waves for sound velocity setting when the tissue
elasticity calculator calculates the tissue elasticity of the sub-
ject.

9. A tissue elasticity measurement method, comprising the

steps of:

at atime when tissue elasticity of a subject is measured by
an ultrasound diagnostic apparatus,

causing a piezoelectric element array having piezoelectric
elements arranged therein, each adapted to transmit
ultrasonic waves, receive an ultrasonic echo reflected by
the subject, and output a reception signal according to
received ultrasonic waves, to perform transmission and
reception of ultrasonic waves for sound velocity setting
for setting a sound velocity of the subject;

setting the sound velocity for each of segment regions
established by dividing the subject based on the recep-
tion signal acquired through the transmission and recep-
tion of ultrasonic waves for sound velocity setting; and

calculating the tissue elasticity of the subject with use of
the reception signal which has been output from the
piezoelectric element array and processed based on the
sound velocity set through the transmission and recep-
tion of ultrasonic waves for sound velocity setting.

10. The tissue elasticity measurement method according to

claim 9, further comprising the step of:

producing anultrasound image by processing the reception
signal output by the piezoelectric element array based on
the sound velocity set through the transmission and
reception of ultrasonic waves for sound velocity setting.

11. A recording medium having stored therein a program

that causes a computer to implement:

a step of causing a piezoelectric element array having
piezoelectric elements arranged therein, each adapted to
transmit ultrasonic waves, receive an ultrasonic echo
reflected by a subject, and output a reception signal
according to received ultrasonic waves, to perform
transmission and reception of ultrasonic waves for
sound velocity setting for setting a sound velocity of the
subject;

a step of setting the sound velocity for each of segment
regions established by dividing the subject based on the
reception signal acquired through the transmission and
reception of ultrasonic waves for sound velocity setting;
and

a step of calculating the tissue elasticity of the subject with
use of the reception signal which has been output from
the piezoelectric element array and processed based on
the sound velocity set through the transmission and
reception of ultrasonic waves for sound velocity setting.

12. The recording medium according to claim 11, wherein

the stored program causes the computer to further implement
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a step of producing an ultrasound image by processing the
reception signal output by the piezoelectric element array
based on the sound velocity set through the transmission and
reception of ultrasonic waves for sound velocity setting.

N I I
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