US 20170245834A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0245834 A1

TAKEDA (43) Pub. Date: Aug, 31,2017
(54) ULTRASONIC DIAGNOSTIC APPARATUS, (32) US. CL
METHOD OF CONTROLLING ULTRASONIC CPC ... AG1B 8/5223 (2013.01); AGIB 8/4444

(1)

(72)

(73)

1)
(22)

(30)

DIAGNOSTIC APPARATUS, AND PROGRAM

Applicant: KONICA MINOLTA, INC.,
Chiyoda-ku (JP)

Inventor: Yoshihiro TAKEDA, Hachioji-shi (JP)

Assignee: KONICA MINOLTA, INC.,
Chiyoda-ku (JP)

Appl. No.: 15/438,206
Filed:  Feb. 21, 2017

Foreign Application Priority Data

Feb. 26, 2016 (JP) woorcevericencrccreenne 2016-035283

(31)

Publication Classification
Int. CI.

A6IB 8/08 (2006.01)
A6IB 8/00 (2006.01)

U

\‘

18

(2013.01); A61B 8/461 (2013.01); A61B 8/485
(2013.01); A61B 8/54 (2013.01)

(7) ABSTRACT

An ultrasonic diagnostic apparatus includes: an ultrasonic
probe which transmits an ultrasonic wave to a subject and
receives a reflected wave of the transmitted ultrasonic wave;
a transmission/reception control unit which allows the ultra-
sonic probe to transmit the ultrasonic wave and acquires a
reception signal relating to the ultrasonic wave received by
the ultrasonic probe on the basis of predetermined transmis-
sion/reception setting; a calculation parameter acquisition
unit which acquires a calculation parameter which is used
for generation of elasticity information in the subject based
on the reception signal and is determined in correspondence
with the transmission/reception setting; an elasticity infor-
mation generation unit which generates the elasticity infor-
mation by using the reception signal on the basis of the
acquired calculation parameter; and a display control unit
which allows the display unit to display the elasticity
information.
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FIG. 9
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ULTRASONIC DIAGNOSTIC APPARATUS,
METHOD OF CONTROLLING ULTRASONIC
DIAGNOSTIC APPARATUS, AND PROGRAM

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2016-035283 filed on Feb. 26, 2016 including
description, claims, drawings, and abstract are incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to an ultrasonic diag-
nostic apparatus, a method of controlling an ultrasonic
diagnostic apparatus, and a program.

[0004] Description of the Related Art

[0005] In the related art, there is an ultrasonic diagnostic
apparatus which provides diagnostic information of an inter-
nal structure of a subject by irradiating an inner portion of
the subject with an ultrasonic wave from an ultrasonic probe,
receiving a reflected wave, processing the obtained recep-
tion signal to generate an ultrasonic image reflecting the
internal structure of the subject, and displaying the ultra-
sonic image on a display unit. Such an ultrasonic diagnostic
apparatus is also used for interpersonal medical care as a
noninvasive diagnostic apparatus.

[0006] With respect to an ultrasonic diagnostic apparatus,
there is a technique of generating elasticity information
reflecting hardness of an internal structure of a subject and
displaying the elasticity information on the display unit. The
elasticity information is displayed, for example, as an elastic
image colored according to hardness of each portion of the
subject. The elasticity information is generated by transmit-
ting an ultrasonic wave while pressurizing the subject and
calculating distortion of the subject from reception signals of
reflected waves at two time points in different pressurized
states. For generation of the elasticity information, there
may be used, for example, a method of calculating the
distortion by scanning and transmitting the ultrasonic wave
at a predetermined frame frequency while pressurizing the
subject with a time-varying pressure and comparing and
analyzing reception signals of reflected waves in two frames
at different times.

[0007] In some cases, since distortion of the subject in two
frames for generating the elasticity information is too small
or too large according to a time rate of change of the pressure
of pressurizing the subject and a size of the frame frequency,
the distortion cannot be properly calculated, and appropriate
elasticity information cannot be obtained. On the other hand,
JP 2004-261198 A discloses a technique for selecting a frame
to be used for calculating distortion from frames other than
consecutive frames. In addition, JP 2009-148593 A discloses
a technique for changing a frame frequency so as to appro-
priately calculate distortion.

[0008] However, if the interval of frames used for gener-
ating the elasticity information is changed, in many cases,
the quality of elasticity information such as distortion cal-
culation accuracy and resolution is deteriorated. On the other
hand, in order to improve the deterioration of the quality of
the elasticity information, it is necessary to adjust a calcu-
lation parameter used for the setting relating to the trans-
mission and reception of an ultrasonic wave and the ana-
lyzing of the reception signal every time, and thus, it takes
time and effort.

Field of the Invention
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[0009] As described above, in the related art, there is a
problem that appropriate elasticity information cannot be
easily generated.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
ultrasonic diagnostic apparatus capable of easily generating
appropriate elasticity information, a method of controlling
the ultrasonic diagnostic apparatus, and a program.

[0011] To achieve the abovementioned object, according
to an aspect, an ultrasonic diagnostic apparatus reflecting
one aspect of the present invention comprises:

[0012] an ultrasonic probe which transmits an ultrasonic
wave to a subject and receives a reflected wave of the
transmitted ultrasonic wave;

[0013] a transmission/reception control unit which allows
the ultrasonic probe to transmit the ultrasonic wave and
acquires a reception signal relating to the ultrasonic wave
received by the ultrasonic probe on the basis of predeter-
mined transmission/reception setting;

[0014] a calculation parameter acquisition unit which
acquires a calculation parameter which is used for genera-
tion of elasticity information in the subject based on the
reception signal and is determined in correspondence with
the transmission/reception setting;

[0015] an elasticity information generation unit which
generates the elasticity information by using the reception
signal on the basis of the acquired calculation parameter;
and

[0016] a display control unit which allows the display unit
to display the elasticity information.

[0017] According to an invention of Item. 2, in the ultra-
sonic diagnostic apparatus of Item. 1, the ultrasonic diag-
nostic apparatus preferably further comprises a storage unit
which stores a plurality of the calculation parameters deter-
mined in advance in association with a plurality of different
transmission/reception settings, and

[0018] the calculation parameter acquisition unit prefer-
ably acquires the calculation parameter from the storage
unit.

[0019] According to an invention of Item. 3, in the ultra-
sonic diagnostic apparatus of Item. 1 or 2,

[0020] the elasticity information generation unit prefer-
ably generates the elasticity information by calculating
distortion of the subject for each correlation calculation
region corresponding to a predetermined time range between
a first reception signal relating to the ultrasonic wave
reflected by the subject in a first pressurized state and a
second reception signal relating to the ultrasonic wave
reflected by the subject in a second pressurized state by
using the first reception signal and the second reception
signal, and

[0021] the calculation parameter acquisition unit prefer-
ably acquires the calculation parameter indicating a size of
the correlation calculation region.

[0022] According to an invention of Item. 4, in the ultra-
sonic diagnostic apparatus of Item. 3, the elasticity infor-
mation generation unit preferably extracts a phase difference
component at each time in a time range corresponding to the
correlation calculation region between the first reception
signal and the second reception signal and calculates the
distortion of the subject in the correlation calculation region
from the phase difference component and a center frequency
of the ultrasonic wave transmitted from the ultrasonic probe.
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[0023] According to an invention of Item. 5, in the ultra-
sonic diagnostic apparatus of Item. 1 or 2,

[0024] the transmission/reception control unit preferably
allows the ultrasonic probe to transmit an ultrasonic wave
while scanning the ultrasonic wave in a predetermined scan
direction and acquires two-dimensional data of the reception
signal relating to the scanned ultrasonic wave every scan-
ning,

[0025] the elasticity information generation unit prefer-
ably generates the elasticity information by detecting a shift
at each position of the subject between a first pressurized
state and a second pressurized state by using first two-
dimensional data relating to the ultrasonic wave reflected by
the subject in the first pressurized state and second two-
dimensional data relating to the ultrasonic wave reflected by
the subject in the second pressurized state,

[0026] the detection of the shift is preferably performed by
specifying the shift in a predetermined search region includ-
ing the correlation calculation region for each of two-
dimensional predetermined correlation calculation regions
in the two-dimensional data, and

[0027] the calculation parameter acquisition unit prefer-
ably acquires the calculation parameter indicating at least
one of a size of the correlation calculation region and a size
of the search region.

[0028] According to an invention of Item. 6, in the ultra-
sonic diagnostic apparatus of any one of Items. 1 to 4,
[0029] the transmission/reception setting preferably
includes setting of a center frequency of an ultrasonic wave
transmitted from the ultrasonic probe.

[0030] According to an invention of Item. 7, in the ultra-
sonic diagnostic apparatus of any one of Items. 1 to 6,
[0031] the transmission/reception control unit preferably
acquires the reception signal relating to the reflected wave of
which reflection position on the subject is equal to or less
than a predetermined maximum depth among the ultrasonic
waves transmitted to the subject, and

[0032] the transmission/reception setting preferably
includes setting of the maximum depth.

[0033] According to an invention of Item. 8, in the ultra-
sonic diagnostic apparatus of Item. 7,

[0034] the transmission/reception control unit preferably
acquires the reception signal at a sampling frequency that is
lower as the set maximum depth is larger.

[0035] According to an invention of Item. 9, in the ultra-
sonic diagnostic apparatus of any one of Items. 1 to 8,
[0036] the transmission/reception control unit preferably
allows the ultrasonic probe to transmit while scanning the
ultrasonic wave in a predetermined scan direction, acquires
two-dimensional data of the reception signal relating to the
scanned ultrasonic wave every scanning, and

[0037] the transmission/reception setting preferably
includes setting of a frame frequency indicating a frequency
of the scanning.

[0038] According to an invention of Item. 10, in the
ultrasonic diagnostic apparatus of any one of Items. 1 to 9,
the ultrasonic diagnostic apparatus preferably further com-
prises:

[0039] an input unit which receives an input operation for
determining the transmission/reception setting; and

[0040] a transmission/reception setting change unit which
determines the transmission/reception setting on the basis of
the input operation.
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[0041] According to an invention of Item. 11, in the
ultrasonic diagnostic apparatus of any one of Items. 1 to 10,
[0042] the elasticity information is preferably an elastic
image representing a distribution of values relating to dis-
tortion in the subject.

[0043] According to an invention of Item. 12, in the
ultrasonic diagnostic apparatus of Item. 11, the ultrasonic
diagnostic apparatus preferably further comprises an ultra-
sonic image generation unit which generates an ultrasonic
image representing an internal structure of the subject by
using the reception signal, and

[0044] the display control unit preferably allows the dis-
play unit to display the ultrasonic image and the elastic
image.

[0045] According to an invention of Item. 13, in the

ultrasonic diagnostic apparatus of Item. 12,

[0046] the display control unit preferably allows the dis-
play unit to display the ultrasonic image and the elastic
image in a superimposed manner.

[0047] To achieve the abovementioned object, according
to an aspect, a method of controlling an ultrasonic diagnostic
apparatus including an ultrasonic probe which transmits an
ultrasonic wave to a subject and receives a reflected wave of
the transmitted ultrasonic wave, reflecting one aspect of the
present invention comprises:

[0048] allowing the ultrasonic probe to transmit an ultra-
sonic wave and acquiring a reception signal relating to the
ultrasonic wave received by the ultrasonic probe on the basis
of predetermined transmission/reception setting;

[0049] acquiring a calculation parameter which is used for
generation of elasticity information in the subject based on
the reception signal and is determined in correspondence
with the transmission/reception setting;

[0050] generating the elasticity information by using the
reception signal on the basis of the acquired calculation
parameter; and

[0051] allowing a display unit to display the elasticity
information.
[0052] To achieve the abovementioned object, according

to an aspect, there is provided a non-transitory recording
medium storing a computer readable program, and the
program reflecting one aspect of the present invention
causes a computer to function as:

[0053] a transmission/reception control unit which allows
an ultrasonic probe to transmit an ultrasonic wave to a
subject and acquires a reception signal relating to a reflected
wave of the ultrasonic wave received by the ultrasonic probe
on the basis of predetermined transmission/reception set-
ting;

[0054] a calculation parameter acquisition unit which
acquires a calculation parameter which is used for genera-
tion of elasticity information in the subject based on the
reception signal and is determined in correspondence with
the transmission/reception setting;

[0055] an elasticity information generation unit which
generates the elasticity information by using the reception
signal on the basis of the acquired calculation parameter;
and

[0056] a display control unit which allows the display unit
to display the elasticity information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The above and other objects, advantages and fea-
tures of the present invention will become more fully



US 2017/0245834 Al

understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention, and wherein:

[0058] FIG. 1 is an overall diagram illustrating an ultra-
sonic diagnostic apparatus according to an embodiment of
the present invention;

[0059] FIG. 2 is a block diagram illustrating an internal
configuration of an ultrasonic diagnostic apparatus;

[0060] FIGS. 3A and 3B are diagrams for explaining
distortion measurement;

[0061] FIG. 4 is a diagram for explaining a flow of
distortion calculation and image generation;

[0062] FIG. 5 is a diagram for explaining a reception
signal used for distortion calculation process;

[0063] FIGS. 6Ato 6C are diagrams illustrating a method
of setting a size of a correlation calculation region according
to transmission/reception setting;

[0064] FIGS. 7A and 7B are diagrams illustrating a dif-
ference in phase difference according to a center frequency
in the case where the same distortion is given;

[0065] FIG. 8 is a diagram illustrating an example of
setting of a correlation calculation region according to a
center frequency;

[0066] FIG. 9 is a flowchart illustrating a control proce-
dure in an elastic image display process;

[0067] FIG. 10 is a flowchart illustrating a control proce-
dure in an elastic image generation process;

[0068] FIG. 11 is a diagram for explaining a distortion
calculation method according to a second embodiment; and
[0069] FIGS.12A and 12B are diagrams illustrating meth-
ods of setting a size of a correlation calculation region
according to transmission/reception setting in the second
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] Hereinafter, a first embodiment of the present
invention will be described with reference to the drawings.
However, the scope of the invention is not limited to the
illustrated examples.

First Embodiment

[0071] FIG. 1 is an overall diagram of an ultrasonic
diagnostic apparatus U according to the embodiment. FIG.
2 is a block diagram illustrating an internal configuration of
the ultrasonic diagnostic apparatus U.

[0072] As illustrated in FIG. 1, the ultrasonic diagnostic
apparatus U is configured to include an ultrasonic diagnostic
apparatus main body 1, an ultrasonic probe 2 connected to
the ultrasonic diagnostic apparatus main body 1 through a
cable 22. The ultrasonic diagnostic apparatus main body 1 is
provided with an operation input unit 18 (input unit) and an
output display unit 19 (display unit). The control unit 15 of
the ultrasonic diagnostic apparatus main body 1 outputs a
drive signal to the ultrasonic probe 2 to output an ultrasonic
wave on the basis of an external input operation to an input
device such as a keyboard and a mouse of the operation
input unit 18. The control unit acquires a reception signal
relating to reception of the ultrasonic wave from the ultra-
sonic probe 2 to perform various processes and displays
results or the like of the processes on a liquid crystal screen
or the like of the output display unit 19 as necessary. The
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output display unit 19 may not be included in the ultrasonic
diagnostic apparatus U, but the output display unit may be
provided outside the ultrasonic diagnostic apparatus U.
[0073] As illustrated in FIG. 2, the ultrasonic diagnostic
apparatus main body 1 is configured to include a transmis-
sion unit 12, a reception unit 13, a transmission/reception
switching unit 14, a control unit 15 (a display control unit,
a transmission/reception setting change unit, and a storage
unit), an image processing unit 16, a storage unit 17, an
operation input unit 18, an output display unit 19, and the
like. Among these components, the transmission unit 12, the
reception unit 13, and the control unit 15 constitute a
transmission/reception control unit.

[0074] The transmission unit 12 outputs a pulse signal to
be supplied to the ultrasonic probe 2 according to a control
signal input from the control unit 15 and allows the ultra-
sonic probe 2 to generate an ultrasonic wave having a center
frequency corresponding to predetermined transmission/re-
ception setting. The transmission unit 12 is configured to
include, for example, a clock generation circuit, a pulse
generation circuit, a pulse width setting unit, and a delay
circuit. The clock generation circuit is a circuit for gener-
ating a clock signal for determining transmission timing of
the pulse signal and the center frequency. The pulse gen-
eration circuit is a circuit for generating a bipolar rectangular
wave pulse having a voltage amplitude determined in
advance at a predetermined period. The pulse width setting
unit sets a pulse width of the rectangular wave pulse output
from the pulse generation circuit. The rectangular wave
pulse generated by the pulse generation circuit is separated
into different wiring paths for the respective transducers 21
of the ultrasonic probe 2 before or after input to the pulse
width setting unit. The delay circuit is a circuit for delaying
the generated rectangular wave pulses by respective delay
times set for the respective wiring paths corresponding to
timing of transmitting the generated rectangular wave pulses
to the respective transducers 21 and outputting the delayed
rectangular wave pulses.

[0075] The reception unit 13 is a circuit for acquiring the
reception signal input from the ultrasonic probe 2 under the
control of the control unit 15. The reception unit 13 includes,
for example, an amplifier, an A/D conversion circuit, and a
phasing addition circuit. The amplifier is a circuit for ampli-
fying the reception signal corresponding to the ultrasonic
wave received by each transducer 21 of the ultrasonic probe
2 with a predetermined amplification factor which is deter-
mined in advance. The A/D conversion circuit is a circuit for
converting the amplified reception signal into digital data at
a sampling frequency corresponding to predetermined trans-
mission/reception setting. Since the Nyquist frequency
needs to be higher than a reception frequency described
later, for example, the sampling frequency is 60 MHz. The
phasing addition circuit is a circuit for adjusting a time phase
by applying a delay time for each wiring path corresponding
to each transducer 21 to the A/D-converted reception signal
and performing addition (phasing addition) on results
thereof to generate sound line data.

[0076] In the embodiment, the sampling frequency is set
so that the number of times of sampling is allowed to be
constant irrespective of a depth of inspection of the subject
(the maximum depth of the reflection position of the ultra-
sonic wave where the reception signal is acquired), that is,
a length of the period for acquiring the reception signal of
the ultrasonic wave. Therefore, in the case where the depth
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of inspection of the subject is larger, the sampling frequency
is lowered according to the depth, and similarly, in the case
where the depth is small, the sampling frequency is height-
ened. In the embodiment, the depth of inspection of the
subject is set as the transmission/reception setting, and the
reception unit 13 acquires the reception signal at the sam-
pling frequency corresponding to the set depth.

[0077] Under the control of the control unit 15, in the case
where the transducer 21 is to emit the ultrasonic wave, the
transmission/reception switching unit 14 allows the trans-
mission unit 12 to transmit the drive signal to the transducer
21, and in the case where the signal relating to the ultrasonic
wave emitted by the transducer 21 is to be acquired, the
transmission/reception switching unit performs a switching
operation for allowing the reception unit 13 to output the
reception signal.

[0078] The control unit 15 is configured to include a CPU
(Central Processing Unit), an HDD (Hard Disk Drive), a
RAM (Random Access Memory), and the like. The CPU
reads out various programs stored in the HDD and loads the
programs onto the RAM. The CPU centrally controls the
operations of the components of the ultrasonic diagnostic
apparatus U according to the programs. The HDD stores a
control program for operating the ultrasonic diagnostic
apparatus U, various processing programs, various set data,
and the like. The programs and the set data may be stored in
an auxiliary storage device using a nonvolatile memory such
as a flash memory other than the HDD so as to be readable,
writable, and updatable. The RAM is a volatile memory such
as an SRAM or a DRAM. The RAM provides a memory
space for work to the CPU and temporarily stores data.

[0079] The set data stored in the HDD of the control unit
15 includes transmission/reception setting relating to trans-
mission and reception of an ultrasonic wave and a calcula-
tion parameter table 15a. Among the set data, the transmis-
sion/reception setting includes the center frequency of the
transmission ultrasonic wave, the depth of inspection of the
subject, and the frame frequency of the transmission ultra-
sonic wave. Therefore, the set value can be changed accord-
ing to user’s performing a predetermined input operation to
the operation input unit 18. The calculation parameter table
15a is table data where predetermined calculation param-
eters are relating to respective ones of a plurality of trans-
mission/reception settings that can be set in the ultrasonic
diagnostic apparatus U. Herein, the calculation parameter is
a parameter used for distortion calculation described later,
and the details thereof will be described later.

[0080] Separately from the CPU of the control unit 15, the
image processing unit 16 is provided with a processing
control unit 16« (elasticity information generation unit and
ultrasonic image generation unit) including a CPU, a RAM,
and the like for performing a calculation process for gener-
ating a diagnostic image based on the reception data of the
ultrasonic wave. The diagnostic image includes a B mode
image (ultrasonic image) illustrating a structure of a subject
according to luminance distribution, a D mode image rep-
resenting a blood flow state and the like measured by using
the Doppler effect, and elastic image (elasticity information)
illustrating a distribution of distortion inside the subject, and
the like. In addition, the diagnostic image further includes
image data to be displayed on the output display unit 19 in
substantially real time, a series of moving picture data
thereof, still image data of snapshots, and the like.
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[0081] 1In addition, the calculation process of the process-
ing control unit 16a may be configured to be performed by
the CPU of the control unit 15.

[0082] The storage unit 17 is, for example, a volatile
memory such as a DRAM (Dynamic Random Access
Memory). Alternatively, the storage unit 17 may be various
nonvolatile memories that are rewritable at a high speed.
The storage unit 17 stores diagnostic image data which are
processed by the image processing unit 16 and are used for
real-time display or display conformable thereto in units of
a frame. The diagnostic image data stored in the storage unit
17 are read under the control of the control unit 15 and are
transmitted to the output display unit 19 or output to the
outside of the ultrasonic diagnostic apparatus U through a
communication unit. At this time, in the case where the
display system of the output display unit 19 is a television
system, a DSC (Digital Signal Converter) may be provided
between the storage unit 17 and the output display unit 19,
and after the scanning format is converted, the output may
be performed.

[0083] The operation input unit 18 is configured to include
a push button switch, a keyboard, a mouse, a trackball, or a
combination thereof and convert a user’s input operation
into an operation signal and input the operation signal to the
ultrasonic diagnostic apparatus main body 1.

[0084] The output display unit 19 is configured to include
a display screen using any one of various display systems
such as an LCD (Liquid Crystal Display), an organic EL
(Electro-Luminescent) display, an inorganic EL display, a
plasma display, and a CRT (Cathode Ray Tube) and a
driving unit thereof. The output display unit 19 generates a
drive signal of the display screen (each display pixel)
according to the control signal output from the CPU 15 and
the diagnostic image data generated by the image processing
unit 16 and displays menus or status relating to the ultrasonic
diagnosis and measurement data based on the received
ultrasonic wave on the display screen.

[0085] The operation input unit 18 and the output display
unit 19 may be provided integrally with a housing of the
ultrasonic diagnostic apparatus main body 1 or may be
externally attached through a USB cable or the like. In
addition, if the ultrasonic diagnostic apparatus main body 1
is provided with an operation input terminal and a display
output terminal, the ultrasonic diagnostic apparatus main
body 1 may be used with the configuration where operation
and display peripheral devices of the related art are con-
nected to the terminals.

[0086] The ultrasonic probe 2 oscillates an ultrasonic
wave (herein, about 1 to 30 MHz) to emit (transmit) the
ultrasonic wave to a subject such as a living body, and the
ultrasonic probe 2 functions as an acoustic sensor that
receives a reflected wave (echo) reflected on the subject
among the emitted ultrasonic wave and converts the
reflected wave into an electric signal. The ultrasonic probe
2 is configured to include a transducer array 210 which is an
array of a plurality of transducers 21 transmitting and
receiving an ultrasonic wave and a cable 22. The cable 22
has a connector (not shown) to the ultrasonic diagnostic
apparatus main body 1 at one end thereof, and the ultrasonic
probe 2 is configured to be detachable with respect to the
ultrasonic diagnostic apparatus main body 1 through the
cable 22.

[0087] The user allows the ultrasonic diagnostic apparatus
U to operate and perform ultrasonic diagnosis by allowing
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an ultrasonic wave transmission/reception surface of the
ultrasonic probe 2, that is, a surface in the direction of
emitting an ultrasonic wave from the transducer array 210 to
be in contact with the subject at a predetermined pressure.
[0088] The transducer array 210 is an array of the trans-
ducers 21 having a piezoelectric element having a piezo-
electric body and electrodes provided at both ends where
charges appear according to deformation (expansion and
contraction) of the piezoelectric body. In the embodiment,
the transducer array is a one-dimensional array in a prede-
termined scan direction SD. Voltage pulses (pulse signals)
are sequentially supplied to the vibrator 21, so that each
piezoelectric body is deformed according to an electric field
generated in the piezoelectric body and an ultrasonic wave
is transmitted. In addition, if an ultrasonic wave in a pre-
determined frequency band is incident on the vibrator 21, the
thickness of the piezoelectric body is fluctuated (vibrated)
according to a sound pressure, so that electric charges
corresponding to an amount of fluctuation are generated to
be converted into an electric signal, and the electric signal is
outputted.

[0089] The ultrasonic probe 2 performs scanning of the
ultrasonic wave in the scan direction SD parallel to the
transducer array direction by transmitting the ultrasonic
wave from the transducers 21 in the order of arrangement in
the transducer array 210 on the basis of the pulse signal from
the transmission unit 12. In the embodiment, the scanning of
the ultrasonic wave is repeatedly performed at a frame
frequency corresponding to the transmission/reception set-
ting described above. In addition, in each scanning, the
reception unit 13 acquires two-dimensional data (hereinaf-
ter, also referred to as frame data) of the reception signal
from the reception signal (acoustic line) relating to the
reflected wave received by each transducer 21.

[0090] The ultrasonic probe 2 may employ any method of
various electronic scanning methods such as a linear elec-
tronic scanning method, a sector electronic scanning
method, and a convex electronic scanning method and
various mechanical scanning methods such as a linear
scanning method, a sector scanning method, an arc scanning
method, and a radial scanning method. In addition, the
ultrasonic diagnostic apparatus U may be configured so that
any one of a plurality of different ultrasonic probes 2
corresponding to diagnostic objects is used to be connected
to the ultrasonic diagnostic apparatus main body 1. In
addition, the ultrasonic probe 2 may be configured to include
a pressure sensor to measure the pressure of the ultrasonic
probe 2 on the subject and output the pressure to the control
unit 15. The ultrasonic probe 2 may be configured to further
include a motor for moving the transmission/reception sut-
face of the ultrasonic probe 2 forward and backward in the
transmission/reception direction of the ultrasonic wave, so
that the ultrasonic probe 2 can press the subject with a
pressure which is set in advance and the ultrasonic probe 2
can be released from the subject.

[0091] Next, a distortion measurement operation of the
ultrasonic diagnostic apparatus U according to the embodi-
ment will be described. The ultrasonic diagnostic apparatus
U according to the embodiment has a B mode where
one-dimensional to two-dimensional display relating to
tomographic inspection is performed in a substantially real
time by using luminance, a D mode where a blood flow state
or the like is measured and displayed by using the Doppler
effect, and an elasticity information display mode where an
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elastic image representing a distribution of distortion of an
internal structure is displayed so as to be superimposed on
the B mode image. The ultrasonic diagnostic apparatus U
performs the distortion measurement operation on the sub-
ject in the elasticity information display mode among these
modes.

[0092] FIGS. 3A and 3B are diagrams for explaining
measurement of distortion.

[0093] As illustrated in FIG. 3A, inside the subject S in the
normal state, there is an upper end of a structure T at a
position of a distance xr from a contact surface with an
ultrasonic transmission surface of the ultrasonic probe 2 on
the upper surface of the subject S in the depth direction (X
direction). In addition, the width of this structure T in the X
direction is L. As illustrated in FIG. 3B, if it is assumed that,
in a state where a pressure p (stress) is applied to the subject
S from the upper surface side, the same pressure p is also
applied to the structure T, the upper end position of the
structure T 1s a distance xs in the X direction, and the width
is changed to L-AL.

[0094] Therefore, by measuring the structure T in the two
states, the distortion €e=AL/L can be obtained. At this time,
the longitudinal modulus of elasticity (Young’s modulus)
E=p/e can be calculated by using the pressure p (stress)
measured by a pressure sensor, and the longitudinal modulus
of elasticity can also be displayed.

[0095] FIG. 4 is a diagram for explaining a flow of
distortion calculation and image generation.

[0096] Inthe elasticity information display mode, an ultra-
sonic wave is transmitted and received while applying
time-varying pressure to the subject. Change in pressure
may be performed by the hand of the operator or may be
realized by the pressing mechanism provided with the
pressing mechanism on the ultrasonic probe 2. In addition,
in the case where the subject is a living body, a mode where
the pressure is changed by movement according to respira-
tion or the like of the subject with respect to the fixed
ultrasonic probe 2 may be employed. The ultrasonic wave is
repeatedly scanned at a predetermined frame frequency, and
frame data is acquired for each frame. Herein, in the
elasticity information display mode according to the
embodiment, the elastic image is generated by calculating
the distortion by using frame data of an odd-numbered
frame, that is, a (2n-1)-th frame (n is a natural number), and
the B mode image is generated by using frame data of an
even-numbered frame, that is, a 2n-th frame.

[0097] In the two adjacent frames (the above-described
two frames which are different in n by 1) among the
odd-numbered frame group, the subject is in a state where
different pressures are applied to the same portion (a first
pressurized state and a second pressurized state). Therefore,
in the embodiment, the elastic image is generated by using
the frame data of the two frames. Namely, the frame data of
each frame excluding the first and last frames among the
odd-numbered frame group are used twice for calculating
the distortion. After that, the elastic image is obtained by
performing a process such as smoothing or dynamic range
adjusting for display on the calculated two-dimensional data
of the distortion distribution. For example, the elastic image
is displayed on the output display unit 19 in a color display
or a gray scale display so as to be superimposed on the B
mode image.
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[0098] Next, the distortion calculation process in the ultra-
sonic diagnostic apparatus U according to the embodiment
will be described.

[0099] FIG. 5 is a diagram for explaining the reception
signal used for distortion calculation process.

[0100] In the ultrasonic diagnostic apparatus U according
to the embodiment, among the two frames used for calcu-
lating the distortion, the reception signal of the ultrasonic
wave in the frame where the pressure applied to the subject
is relatively small is expressed as a waveform r(t) (first
reception signal), and the reception signal of the ultrasonic
wave in the frame where the pressure is relatively large is
acquired as a compression-period waveform s(t) (second
reception signal). On the left side of FIG. 5, examples of the
extension-period waveform r(t) and the compression-period
waveform s(t) are illustrated with the time axis as the
vertical direction.

[0101] In the embodiment, the distortion is calculated for
each waveform in a time range (hereinafter, referred to as a
correlation calculation region R ) corresponding to the same
region in the depth direction of the subject among the
extension-period waveform r(t) and the compression-period
waveform s(t). Namely, as illustrated on the right side of
FIG. 5, portions corresponding to one correlation calculation
region R .. among the extension-period waveform r(t) and the
compression-period waveform s(t) are extracted, respec-
tively, and the distortion is calculated on the basis of the
extracted waveforms. After that, the distortion calculation
process is repeatedly performed in units of a correlation
calculation region R

[0102] Hereinafter, a distortion calculation method per-
formed for each correlation calculation region R, will be
described.

[0103] The extension-period waveform r(t) at each data
acquisition timing (elapsed time t (time)) in the correlation
calculation region R is as follows:

r(t)=A(t)cos(ot+4(2)) (1)

wherein. w, is a center frequency of the received ultrasonic
wave, A (t) is a time change of the amplitude component
(envelope of the received waveform), and ¢(t) is an initial
phase.

[0104] The waveform can be analytically expressed by a
complex function as follows:

r oY= A(Dexp(ig () @

[0105] On the other hand, in the compression-period
waveform s(t), the reflected wave with respect to a prede-
termined structure is observed in a shorter time, that is, in a
shorter period than the extension-period waveform r(t)
according to the distortion e (that is, the extension ratio, e<0
in the compression period). In addition, as pressure is
indirectly applied to the subject, the position of the inner
portion of the subject moves from xr to xs, so that the
detection timing of the reflected wave, that is, the phase is
changed. In the case where the distortion € is within a minute
range (usually, for example, 5% or less), the compression-
period waveform s(t) is expressed as a waveform obtained
by compressing the extension-period waveform r,(t) by an
amount corresponding to the distortion e, as illustrated in the
following Mathematical Formula (3).

5,(O=A(t(1-€))expliogt(1-€)+¢(1(1-€) (3)

[0106] A phase difference F (1) (phase difference compo-
nent) between the extension-period waveform r,(t) and the
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compression-period waveform s, (t) is obtained from the
analytical solutions (2) and (3) by the following Mathemati-
cal Formula (4):

Fy=Im{log(r {15, (1)) =dwor+€ 4

wherein, s,*(t) is a complex conjugate of the compression-
period waveform s,(t), and & represents a phase shift (initial
phase difference) according to the above-described differ-
ence between the distance xs and the distance xr. Namely,
the phase difference F (1) is a linear function where the slope
is proportional to the distortion € and the center frequency
w, and the intercept is expressed by the phase shift d.
[0107] Therefore, the distortion € in the correlation calcu-
lation region R can be obtained from the phase difference
F (1) at each time obtained from the real and imaginary parts
of the measured extension-period waveform r(t) and the real
and imaginary parts of the compression-period waveform
s(t) and the center frequency w, of the ultrasonic wave.
[0108] By performing calculation of the above-mentioned
distortion € on a plurality of the correlation calculation
regions R - in the depth direction of the subject, respectively,
and by performing this process for each position in the scan
direction of the ultrasonic wave, two-dimensional data of the
distortion of the subject are acquired.

[0109] Next, the setting of the size of the correlation
calculation region R according to the transmission/recep-
tion setting in the ultrasonic diagnostic apparatus U accord-
ing to the embodiment will be described.

[0110] As described above, in the embodiment, the center
frequency of the transmission ultrasonic wave, the depth of
inspection of the subject, and the frame frequency of the
transmission ultrasonic wave are set as the transmission/
reception setting of the ultrasonic wave. In the calculation of
the distortion, the size (calculation parameter) of an appro-
priate correlation calculation region R.. is set according to
the transmission/reception setting.

[0111] FIGS. 6A to 6C are diagrams illustrating methods
of setting the size of the correlation calculation region R
according to the transmission/reception setting. FIGS. 6A,
6B and 6C illustrate methods of setting the size of the
correlation calculation region R, according to the center
frequency, the depth, and the frame frequency, respectively.
Hereinafter, the setting methods will be described in order.
[0112] (Setting of Size of Correlation Calculation Region
R, According to Center Frequency)

[0113] First, the setting of the size of the correlation
calculation region R according to the setting of the center
frequency of the transmission ultrasonic wave will be
described.

[0114] As expressed in the above-described Mathematical
Formula (4), the phase difference between the extension-
period waveform r(t) and the compression-period waveform
s(t) is proportional to the center frequency, and the slope of
the linear function indicating the phase difference is
decreased as the center frequency is lowered.

[0115] FIGS. 7A and 7B are diagrams illustrating the
difference in phase difference according to the center fre-
quency in the case where the same distortion is given. FIG.
7A illustrates the phase difference in the case where the
center frequency is w, and FIG. 7B illustrates the phase
difference in the case where the center frequency is m,
higher than ®,. In FIGS. 7A and 7B, the time range
corresponding to the same correlation calculation region R~
is illustrated in a range from -t_ to t,.
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[0116] Inany case of FIGS. 7A and 7B, noise contained in
the reception signal at each time is equivalent. Therefore, if
the correlation calculation region R is equal in size, in the
case of FIG. 7A where the slope of the linear function
indicating the phase difference is small, an S/N ratio accord-
ing to a calculation result of the slope (that is, distortion) of
the linear equation becomes relatively small, so that it is
difficult to calculate accurate distortion.

[0117] Therefore, in the embodiment, as illustrated in FIG.
6A, as the center frequency of the transmission ultrasonic
wave is lowered, a larger correlation calculation region R .
is set.

[0118] FIG. 8 is a diagram illustrating an example of
setting the correlation calculation region R ~ according to the
center frequency. As illustrated on the right side of FIG. 8,
in the case where the center frequency is relatively low, a
larger correlation calculation region R, is set. In other
words, as the center frequency is lowered, a larger time
range of the data is used for calculation of the distortion of
one of the extension-period waveform r(t) and the compres-
sion-period waveform s(t).

[0119] Therefore, even in the case where the center fre-
quency is low and the slope of the linear function is small,
a sufficient S/N ratio according to the calculation result of
the slope is secured, so that it is possible to appropriately
calculate the distortion.

[0120] In addition, as the center frequency of the trans-
mission ultrasonic wave is heightened, the correlation cal-
culation region R is set to be smaller, so that, in the case
where a sufficient S/N ratio is obtained, it is possible to
improve the resolution of the elastic image representing the
distribution of distortion. In addition, it is possible to shorten
the time required for calculating the distortion.

[0121] The relationship between the center frequency and
the size of the correlation calculation region R - can be set to
be typically a proportional relationship. However, for
example, an increase/decrease rate of the correlation calcu-
lation region R is changed according to the center fre-
quency, or the size of the correlation calculation region R
may be set to be constant with respect to the center fre-
quency in a predetermined range so that the S/N ratio does
not fall below a predetermined value or so that the resolution
falls within a predetermined range.

[0122] (Setting of Size of Correlation Calculation Region
R According to Depth)

[0123] Next, the setting of the size of the correlation
calculation region R - according to the setting of the depth of
inspection of the subject will be described.

[0124] As described above, in the ultrasonic diagnostic
apparatus U according to the embodiment, the number of
times of sampling in the reception process for the reflected
wave 1is set to be constant. As the set value of the depth in
the transmission/reception setting becomes larger, the sam-
pling frequency is lowered, and as the set value of the depth
becomes smaller, the sampling frequency is heightened.
Herein, if the sizes of the correlation calculation regions R~
(that is, the number of sample data used for calculation of
one distortion) is set to be equal between the two cases
where the sampling frequencies are different, the sizes
(lengths) of the ranges corresponding to the correlation
calculation regions R in the subject are different from each
other. In other words, the number of distortions calculated in
the same portion of the subject (that is, the resolution of the
part indicating the associated portion in the elastic image)
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varies with the sampling frequency. As a result, since the
display image quality of the elastic image with respect to the
same portion of the subject varies with the sampling fre-
quency (set value of the depth), the display is undesirable for
the user who desires to change only the depth.

[0125] Therefore, in the embodiment, as the set value of
the depth is lowered (that is, as the sampling frequency is
heightened), the correlation calculation region R - is set to be
larger. Specifically, the size of the correlation calculation
region R s set to be inversely proportional to the depth and
proportional to the sampling frequency. Accordingly, it
possible to equalize the resolutions of the elastic images
relating to the same portion of the subject irrespective of the
set value of the depth.

[0126] (Setting of Size of Correlation Calculation Region
R According to Frame Frequency)

[0127] Next, the setting of the size of the correlation
calculation region R, according to the setting of the frame
frequency relating to the ultrasonic scanning will be
described.

[0128] As the frame frequency becomes relatively high,
the time interval between two frames used for calculating
the distortion of the subject becomes small, and the distor-
tion of the subject between the two frames becomes small.
In other words, the slope of the linear function relating to the
phase difference expressed in the above-described Math-
ematical Formula (4) and FIGS. 7A and 7B becomes small.
For this reason, the S/N ratio according to the calculation
result of the slope (that is, distortion) of the linear function
becomes relatively small, so that it is difficult to calculate
accurate distortion.

[0129] Therefore, in the embodiment, as the frame fre-
quency is heightened, the correlation calculation region R
is set to be larger. Accordingly, even in the case where the
frame frequency is high and the slope of the linear function
is small, a sufficient S/N ratio according to the calculation
result of the slope is secured. so that it is possible to
appropriately calculate the distortion.

[0130] In addition, as the frame frequency is lowered, the
correlation calculation region R . is set to be smaller, so that,
in the case where a sufficient S/N ratio is obtained, it
possible to improve the resolution of the elastic image
representing the distribution of distortion. In addition, it is
possible to shorten the time required for calculating the
distortion.

[0131] The relationship between the frame frequency and
the size of the correlation calculation region R . can be set to
be a typically proportional relationship. However, for
example, an increase/decrease rate of the correlation calcu-
lation region R, is changed according to the frame fre-
quency or the size of the correlation calculation region R
may be set to be constant with respect to the frame frequency
in a predetermined range so that the S/N ratio does not fall
below a predetermined value or so that the resolution falls
within a predetermined range.

[0132] In the above description, the method of setting the
size of the correlation calculation region R for each of the
center frequency, the depth, and the frame frequency has
been described. However, in the ultrasonic diagnostic appa-
ratus U according to the embodiment, for all available
combinations of the center frequency, the depth, and the
frame frequency, the sizes of the optimal correlation calcu-
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lation regions R are calculated in advance and stored as the
calculation parameter table 15¢ in the HDD of the control
unit 15.

[0133] Subsequently, the elastic image display process and
the elastic image generation process performed by the
ultrasonic diagnostic apparatus U will be described.

[0134] FIG. 9 is a flowchart illustrating a control proce-
dure of the control unit 15 in the elastic image display
process.

[0135] The elastic image display process is performed in
the case where the elasticity information display mode is
selected by a user’s input operation to the operation input
unit 18 or the like in a measurement display process relating
to the ultrasonic diagnosis.

[0136] When the elastic image display process is started,
the control unit 15 performs a scan operation, that is, a
transmission/reception operation relating to one-time scan-
ning of the ultrasonic wave on the basis of the transmission/
reception setting (step S101: transmission/reception step).
Herein, the control unit 15 allows the transmission unit 12
to output a pulse signal to the ultrasonic probe 2, so that the
ultrasonic probe 2 performs ultrasonic scanning and trans-
mission at the center frequency and the frame frequency
determined by the transmission/reception setting. The con-
trol unit 15 allows the reception unit 13 to acquire the
reception signal relating to the reflected wave received by
the ultrasonic probe 2 at the sampling frequency correspond-
ing to the depth determined by the transmission/reception
setting and stores the obtained frame data in the storage unit
17.

[0137] The control unit 15 determines whether or not the
frame relating to the most recent scanning operation is the
(20+1)-th frame from the scan start (step S102). In the case
where it is determined that the frame is the (2n+1)-th frame
(“YES” in step S102), the control unit 15 performs an elastic
image generation process described later and stores the
elastic image in the storage unit 17 (step S103: elasticity
information generating step). In addition, in the case where
it is determined that the frame is not the (2n+1)-th frame
(that is, the frame is the 2n-th frame or the first frame) (“NO”
in step S102), the control unit 15 allows the image process-
ing unit 16 to generate the image data of the B mode image
on the basis of the frame data and stores the image data in
the storage unit 17 (step S104). Furthermore, with respect to
the first frame, only the acquisition of the frame data is
performed, and thus, the generation of the B mode image
may not be performed.

[0138] The control unit 15 allows the image processing
unit 16 to generate combined image data of the most recent
elastic image and the B mode image and allows the output
display unit 19 to display the image relating to the combined
image data (step S105: display step).

[0139] The control unit 15 determines whether or not an
input operation instructing to stop the scanning operation is
performed on the operation input unit 18 (step S106). In the
case where it is determined that the input operation is
performed (“YES” in step S106), the control unit 15 ends the
elastic image display process.

[0140] In the case where it is determined that the input
operation instructing the stop of the scanning operation is
not performed (“NO” in step S106), the control unit 15
allows the operation input unit 18 to input an input operation
instructing to change the transmission/reception setting (step
S107).

Aug. 31,2017

[0141] In the case where it is determined that the input
operation is not performed (“NO” instep S107), the control
unit 15 allows the process to proceed to step S101.

[0142] In the case where it is determined that the input
operation instructing the change of the transmission/recep-
tion setting is performed (“YES” at step S107), the control
unit 15 changes and updates the transmission/reception
setting according to the input operation (step S108). If the
process of step S108 is ended, the control unit 15 allows the
process to proceed to step S101.

[0143] FIG. 10 is a flowchart illustrating a control proce-
dure of the processing control unit 16a in the elastic image
generation process.

[0144] When the elastic image generation process is
started, the processing control unit 16a (CPU) of the image
processing unit 16 calculates the calculation parameter (the
size of the correlation calculation region R ) and the value
of the center frequency of the transmission ultrasonic wave
relating to the current transmission/reception setting by
referring to the calculation parameter table 15a (step S201).
[0145] The processing control unit 16a acquires frame
data relating to two adjacent odd-numbered frames and
performs positioning in the scan direction of the ultrasonic
probe 2 (step S202). The processing control unit 16a deter-
mines a combination of the scanning positions correspond-
ing to the same position by adjustment to positions which are
set in advance, pattern matching, or the like.

[0146] The processing control unit 16a calculates the
distortion according to a change in the pressurized state for
each correlation calculation region R, on the basis of the
above-described algorithm by using a combination of the
ultrasonic waveform (extension-period waveform) acquired
in the case where a small force is applied to the subject at
each scanning position and the ultrasonic waveforms (com-
pression-period waveforms) acquired in the case where a
large force is applied to the subject and the value of the
center frequency of the transmission ultrasonic wave (step
S203). In the calculation of the distortion, the processing
control unit 16a inverts the sign of the distortion value in the
case where the first reception waveform data among the
reception waveform data relating to the two frame data are
a compression-period waveform. In the process of step
S203, after the distortion is calculated in all the correlation
calculation regions R, for one frame to generate two-
dimensional data relating to the distortion, smoothing of the
distortion data in a two-dimensional in-plane direction may
be performed on the basis of predetermined setting. Smooth-
ing in a time axis direction may also be performed.

[0147] The processing control unit 16a acquires an aver-
age value and a dynamic range of the distortion data
acquired the most recent predetermined number of times
(step S204). These values can be easily acquired by storing
the values in RAMs or the like of a predetermined number
of the processing control units 16a every time final elastic
image data are output in each elastic image generation
process.

[0148] The processing control unit 16a scales the value of
the distortion on the basis of the acquired value acquired this
time, the average value of the most recent predetermined
number of times, and the dynamic range. In addition, the
processing control unit 16a converts the distortion data into
color data corresponding to the magnitude of the distortion
according to predetermined display setting (step S205). For
example, the largest distortion in the dynamic range is set to
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red, the smallest distortion is set to blue, and intermediate
distortion is set to an intermediate color between red and
blue according to the magnitude of the distortion.

[0149] The processing control unit 16a outputs the data of
a two-dimensional image (elastic image) relating to the
scaled, color-converted distortion and stores the data in the
storage unit 17 (step S206).

[0150] TIfthe process of step S206 is ended, the processing
control unit 16a ends the elastic image generation process.
[0151] As described above, the ultrasonic diagnostic appa-
ratus U according to the embodiment is configured to
include the ultrasonic probe 2 transmitting the ultrasonic
wave to the subject and receiving the reflected waves of the
transmitted ultrasonic wave, the transmission unit 12, the
reception unit 13, and the control unit 15 (transmission/
reception control unit) allowing the ultrasonic probe 2 to
transmit the ultrasonic wave and acquiring the reception
signal relating to the ultrasonic wave received by the ultra-
sonic probe 2 on the basis of the predetermined transmis-
sion/reception setting, and the processing control unit 16a
(calculation parameter acquisition unit) acquiring the calcu-
lation parameter which is used for generating the elasticity
information in the subject on the basis of the reception signal
and is determined in correspondence with the transmission/
reception setting. The processing control unit 16a generates
the elasticity information by using the reception signal on
the basis of the acquired calculation parameter (elasticity
information generation unit). The control unit 15 allows the
output display unit 19 to display the elasticity information
(display control unit). According to the configuration, by
using an appropriate calculation parameter corresponding to
the transmission/reception setting, even in the case where
the transmission/reception setting is changed, it is possible
to generate and display the elasticity information with an
appropriate, stable quality. In addition, since the calculation
parameter used for generating the elasticity information is to
be relating to the transmission/reception setting, it is pos-
sible to easily acquire an appropriate calculation parameter
on the basis of the transmission/reception setting. Therefore,
according to the ultrasonic diagnostic apparatus U according
to the embodiment, it is possible to easily generate appro-
priate elasticity information in an arbitrary transmission/
reception setting.

[0152] Theultrasonic diagnostic apparatus U is configured
to further include the control unit 15 storing, in the HDD as
a calculation parameter table 154, the sizes of a plurality of
the correlation calculation regions R . determined in advance
in association with a plurality of different transmission/
reception settings. The processing control unit 16a acquires
the sizes of the correlation calculation regions RC from the
calculation parameter table 15a¢ of the control unit 15
(operation parameter acquisition unit). Therefore, it is pos-
sible to easily acquire the sizes of the appropriate correlation
calculation regions R . by referring to the calculation param-
eter table 15a. In addition, it is possible to simplify the
process in the generation of the elasticity information by
obtaining the sizes of the correlation calculation regions R
in advance and storing the sizes in the control unit 15.
[0153] In addition, the processing control unit 16a calcu-
lates the distortion of the subject to generate the elasticity
information for each of the correlation calculation regions
R corresponding to the predetermined time range among
the extension-period waveform r(t) and compression-period
waveform s(t) by using the extension-period waveform r(t)
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(first reception signal) relating to the ultrasonic wave
reflected by the subject before compression (first pressurized
state) and the compression-period waveform s(t) (second
reception signal) relating to the ultrasonic wave reflected by
the subject after the compression (second pressurized state)
(elasticity information generation unit). The processing con-
trol unit 16a acquires the calculation parameter representing
the sizes of the correlation calculation regions R (calcula-
tion parameter acquisition unit). According to the configu-
ration, since the correlation calculation regions R, having
appropriate sizes are set corresponding to the transmission/
reception setting and the distortion of the subject is calcu-
lated for each correlation calculation region R ., it is possible
to calculate appropriate distortion with appropriate accuracy
and resolution in arbitrary transmission/reception setting.
[0154] Inaddition, the processing control unit 16a extracts
the phase difference component at each time in the time
range corresponding to the correlation calculation region R -
between the extension-period waveform r(t) and the com-
pression-period waveform s(t) and calculates the distortion
of the subject in the correlation calculation region R . from
the phase difference component and the center frequency of
the ultrasonic wave transmitted from the ultrasonic probe 2
(elasticity information generation unit). Accordingly, it is
possible to accurately calculate the distortion of the subject
from the extension-period waveform r(t) and the compres-
sion-period waveform s(t) by an easy process.

[0155] In addition, the transmission/reception setting
includes the setting of the center frequency of the ultrasonic
wave transmitted from the ultrasonic probe 2. Accordingly,
since the correlation calculation region R . having a magni-
tude corresponding to the center frequency is set, a sufficient
S/N ratio is secured, so that it is possible to appropriately
calculate the distortion. In addition, in the case where a
sufficient S/N ratio is obtained, it is possible to improve the
resolution of the elastic image representing the distribution
of distortion. In addition, it is possible to shorten the time
required for calculating the distortion.

[0156] In addition, the reception unit 13 and the control
unit 15 acquire a reception signal relating to a reflected wave
of which reflection position on the subject is equal to or less
than a predetermined maximum depth among the ultrasonic
waves transmitted to the subject (transmission/reception
control unit). The transmission/reception setting includes the
setting of the maximum depth. In addition, the reception unit
13 and the control unit 15 acquire the reception signal at a
sampling frequency that is lower as the set maximum depth
is larger (transmission/reception control unit). Accordingly,
since the correlation calculation region R, having a size
corresponding to the set depth is set, it is possible to equalize
the resolutions of the elastic images relating to the same
portion of the subject irrespective of the set value of the
depth.

[0157] In addition, the transmission unit 12, the reception
unit 13, and the control unit 15 allows the ultrasonic probe
2 to transmit the ultrasonic wave, while scanning the ultra-
sonic wave in a predetermined scan direction, and acquires
the two-dimensional data of the reception signal relating to
the scanned ultrasonic wave every scanning (transmission/
reception control unit). The transmission/reception setting
includes the setting of the frame frequency indicating a
frequency of the scanning. Accordingly, since the correlation
calculation region R having a size corresponding to the
frame frequency is set, a sufficient S/N ratio is secured for
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the magnitude of the distortion according to the frame
frequency, so that it is possible to appropriately calculate the
distortion. In addition, in the case where a sufficient S/N
ratio is obtained, it is possible to improve the resolution of
the elastic image representing the distribution of distortion.
In addition, it is possible to shorten the time required for
calculating the distortion.

[0158] Inaddition, the ultrasonic diagnostic apparatus U is
configured to include an operation input unit 18 that accepts
an input operation for determining transmission/reception
setting. The control unit 15 determines the transmission/
reception setting on the basis of the input operation (trans-
mission/reception setting change unit). According to the
configuration, it is possible to change the transmission/
reception setting by the input operation to the operation
input unit 18. In addition, since the correlation calculation
region R having an appropriate size is set according to the
change of the transmission/reception setting and the distor-
tion is calculated, it is possible for the user to easily obtain
appropriate elasticity information without performing a spe-
cial operation.

[0159] In addition, the elasticity information is an elastic
image representing a distribution of values relating to dis-
tortion in the subject. Accordingly, it is possible to display
the elasticity information that is visually easy to understand.
[0160] In addition, the processing control unit 16a gener-
ates the B mode image representing the internal structure of
the subject by using the reception signal (ultrasonic image
generation unit). The control unit 15 allows the output
display unit 19 to display the B mode image and the elastic
image (display control unit). Accordingly, it is possible to
display the internal structure of the subject and the infor-
mation on the hardness so as to be easy to understand
visually.

[0161] In addition, the control unit 15 allows the output
display unit 19 to display the B mode image and the elastic
image in a superimposed manner (display control unit).
Accordingly, it is possible to display the internal structure of
the subject and the information on the hardness so as to be
easy to understand visually and to be easy to compare. In
addition, in the case where the resolution of the elastic image
is lower than that of the B mode image, it is possible to
display a tendency of the distortion distribution in the
internal structure by the elastic image while displaying the
internal structure of the subject at a high resolution by the B
mode image.

[0162] A method of controlling an ultrasonic diagnostic
apparatus U according to the embodiment is configured to
include a transmission/reception step of allowing an ultra-
sonic probe 2 to transmit an ultrasonic wave and receiving
a reception signal relating to the ultrasonic wave received by
the ultrasonic probe 2 on the basis of predetermined trans-
mission/reception setting, a calculation parameter acquisi-
tion step of acquiring a calculation parameter which is used
for generation of elasticity information in a subject based on
the reception signal and is determined in correspondence
with the transmission/reception setting; an elasticity infor-
mation generation step of generating elasticity information
by using the reception signal on the basis of the acquired
calculation parameter, and a display step of allowing an
output display unit 19 to display the elasticity information.
Accordingly, it is possible to easily generate appropriate
elasticity information in arbitrary transmission/reception
setting.
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[0163] A program according to the embodiment causes an
ultrasonic diagnostic apparatus U (computer) to function as
a transmission/reception control unit of allowing an ultra-
sonic probe 2 to transmit an ultrasonic wave to a subject and
receiving a reception signal relating to the ultrasonic wave
received by the ultrasonic probe 2 on the basis of predeter-
mined transmission/reception setting, a calculation param-
eter acquisition unit of acquiring a calculation parameter
which is used for generation of elasticity information in the
subject based on the reception signal and is determined in
correspondence with the transmission/reception setting; an
elasticity information generation unit of generating elasticity
information by using the reception signal on the basis of the
acquired calculation parameter, and a display control unit of
allowing an output display unit 19 to display the elasticity
information. Accordingly, it is possible to easily generate
appropriate elasticity information in arbitrary transmission/
reception setting.

Second Embodiment

[0164] Subsequently, a second embodiment of the present
invention will be described.

[0165] The embodiment is different from the first embodi-
ment in terms of a distortion calculation algorithm. Herein-
after, the differences from the first embodiment will be
described.

[0166] FIG. 11 is a diagram for explaining a distortion
calculation method according to the embodiment.

[0167] The left side of FIG. 11 illustrates a predetermined
portion (search region R) of the data (first two-dimensional
data) relating to one frame data out of two frame data used
for calculating the distortion in the case where the force
applied to the subject is small. The right side of FIG. 11
illustrates the same range (search region R) in the other
frame data (second two-dimensional data). Hereinafter, the
left side of FIG. 11 is also referred to as the search region R
relating to the subject before compression, and the right side
is also referred to as the search region R relating to the
subject after compression. In addition, the left/right direction
in FIG. 11 indicates the scan direction of the ultrasonic
wave, and the up/down direction indicates the depth direc-
tion (transmission direction of the ultrasonic wave) in the
inspection of the subject.

[0168] As illustrated in FIG. 11, in the embodiment, the
correlation calculation region R is set as a two-dimensional
data region in the scan direction and the depth direction. In
addition, the search region R is set in a predetermined range
including the correlation calculation region R around the
correlation calculation region R in the before-compression
data as a center.

[0169] In the calculation of the distortion in the embodi-
ment, for each correlation calculation region R, in the
before-compression data, it is specified which position in the
after-compression search region R the correlation calcula-
tion region R.. is shifted to. Accordingly, the shift between
the position of the representative point Pr in the before-
compression correlation calculation region R and the posi-
tion of the representative point Ps in the after-compression
correlation calculation region R is calculated. When the
shift is obtained at each point of the frame data, the
distortion is calculated by spatially differentiating the shift.
[0170] FIGS. 12A and 12B are diagrams illustrating meth-
ods of setting the size of the correlation calculation region
R, according to the transmission/reception setting in the
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embodiment. FIGS. 12A and 12B illustrate methods of
setting the size of the correlation calculation region R,
according to the depth and the frame frequency, respectively.
[0171] As illustrated in FIG. 12A, in the embodiment, the
correlation calculation region R - and the search region R are
set to be large as the set value of the depth is smaller (that
is, as the sampling frequency is higher). Specifically, the size
of the correlation calculation region R and the size of the
search region R are set to be inversely proportional to the
depth and proportional to the sampling frequency. Accord-
ingly, it is possible to equalize the resolutions of the elastic
images relating to the same portion of the subject irrespec-
tive of the set value of the depth.

[0172] In addition, as illustrated in FIG. 12B, in the
embodiment, the correlation calculation region R . is set to
be large as the frame frequency is higher. As a result, even
in the case where the frame frequency is high and the shift
between the frames is small, by increasing the correlation
calculation region R, it is possible to specify the shift and
calculate the distortion at a good accuracy. In addition, as the
frame frequency is lower, the search region R is set to be
large, and thus, in the case where the frame frequency is low
and the shift between the frames is large, it is possible to
suppress the occurrence of the problem in that the position
of the after-compression correlation calculation region R~ in
the search region R cannot be specified. In FIGS. 12A and
12B, one of the correlation calculation region R, and the
search region R may be fixed and the other may be adjusted.
[0173] As described above, in the ultrasonic diagnostic
apparatus U according to the embodiment, the control unit
15 allows the ultrasonic probe 2 to transmit an ultrasonic
wave while scanning the ultrasonic wave in a predetermined
scan direction and acquires two-dimensional data of a recep-
tion signal relating to the scanned ultrasonic wave every
scanning (transmission/reception control unit). The process-
ing control unit 16« detects detect a shift at each position of
the subject between before compression and after compres-
sion by using first two-dimensional data relating to the
ultrasonic wave reflected by the subject before compression
(first pressurized state) and second two-dimensional data
relating to the ultrasonic wave reflected by the subject after
compression (second pressurized state) (elasticity informa-
tion generation unit). The shift is detected by specifying the
shift in a predetermined search region R including correla-
tion calculation regions R for each two-dimensional pre-
determined correlation calculation region R in the two-
dimensional data. The processing control unit 16a acquires
calculation parameters indicating at least one of the size of
the correlation calculation region R, and the size of the
search region (calculation parameter acquisition unit).
According to the configuration, since the correlation calcu-
lation region R having an appropriate size and the search
region R having an appropriate size are set corresponding to
transmission/reception setting and the distortion of the sub-
ject is calculated for each correlation calculation region R,
it is possible to calculate the distortion with appropriate
accuracy and resolution in arbitrary transmission/reception
setting.

[0174] The present invention is not limited to the above-
described embodiments, but various modifications are avail-
able.

[0175] For example, in each of the above-described
embodiments, the case of obtaining the distortion of a living
tissue by using the present invention as a medical device has
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been described as an example. However, the object of the
distortion calculation is not limited to the living tissue. The
present invention can be appropriately used for building
structures or various kinds of products having a compact
structure where a pressure is properly applied to an inner
object.

[0176] In each of the above-described embodiments, the
ultrasonic diagnostic apparatus U that calculates the distor-
tion from the reception signals of the reflected waves before
and after compression by changing the pressure with which
the ultrasonic probe 2 is pressed has been described as an
example. However, the present invention is not intended to
be limited thereto. For example, the present invention may
be applied to an ultrasonic diagnostic apparatus using a
technique (ARFI: acoustic radiation force impulse) that
transmits a strong sound wave (shear wave) for pressuriza-
tion in parallel with an ultrasonic wave for inspection
transmitted from an ultrasonic probe and acquires a distri-
bution of elastic modulus of a subject on the basis of a
difference in propagation speed of the sound wave according
to hardness of the subject.

[0177] In each of the above embodiments, the case where
the calculation parameter table 15¢ is stored in the HDD of
the control unit 15 and the calculation parameter is acquired
with reference to the calculation parameter table 15a has
been described as an example. However, alternatively, the
control unit 15 (or the processing control unit 16a) may
calculate the calculation parameter on the basis of the
transmission/reception setting and predetermined calcula-
tion formulas.

[0178] In addition, the calculation parameter table 15a
may be stored in a storage device outside the ultrasonic
diagnostic apparatus U, and the calculation parameter
maybe acquired from the storage device through a commu-
nication unit (not shown).

[0179] In each of the above-described embodiments, the
elastic image representing the two-dimensional distribution
of distortion has been described as an example. However,
the elastic image may be another image relating to distortion
of the subject according to pressurization on the subject. For
example, the elastic image may be an image representing a
distribution of elastic modulus or a distribution of shift of
each component. Namely, the value relating to the distortion
represented by the elastic image may be elastic modulus or
shift other than the distortion.

[0180] In each of the above-described embodiments, the
case where the elastic image as the elasticity information is
displayed on the output display unit 19 has been described
as an example. However, the elasticity information is not
limited to such an elasticity image. For example, in an
aspect, the elasticity information may be statistical informa-
tion such as a histogram, a standard deviation, and a repre-
sentative value (average value or median value) of a distri-
bution of distortion, and such information may displayed on
the output display unit 19 as a graph or a text.

[0181] In each of the above embodiments, the center
frequency, the depth, and the frame frequency has been
exemplified as the transmission/reception setting. However,
calculation parameters may be set in association with other
setting relating to the transmission and reception of the
ultrasonic wave.

[0182] In each of the above-described embodiments, the
case where the elastic image is generated on the basis of
reception signals of odd-numbered frames and the B mode
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image is generated on the basis of reception signals of
even-numbered frames has been described as an example.
However, alternatively, the reception signal of each frame
may be used both for generating the elastic image and for
generating the B mode image.

[0183] In addition, the output destination of the elastic
image is not limited to the display screen of the output
display unit 19, but an external device or an external display
may be used. In addition, directly output to printing may be
used, or instead of image data, numerical data may be output
to an external device.

[0184] In addition, the image processing unit 16 according
to the embodiment may be provided independently of the
ultrasonic probe 2 and other portions of the ultrasonic
diagnostic apparatus main body 1. Namely, the image pro-
cessing unit may be a dedicated signal processing device. In
addition, signal processing of the present invention can be
realized by typical software processing. Software may be
installed in a computer such as a general PC, and a control
unit (CPU) of the computer may execute the software by
using input waveform data.

[0185] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustrated and example only and is not to be
taken by way of limitation, the scope of the present inven-
tion being interpreted by terms of the appended claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe which transmits an ultrasonic wave to
a subject and receives a reflected wave of the trans-
mitted ultrasonic wave;

a transmission circuit which allows the ultrasonic probe to
transmit the ultrasonic wave and a reception circuit
which acquires a reception signal relating to the ultra-
sonic wave received by the ultrasonic probe on the
basis of predetermined transmission/reception setting;
and

a processor;

wherein the processor acquires a calculation parameter
which is used for generation of elasticity information in
the subject based on the reception signal and is deter-
mined in correspondence with the transmission/recep-
tion setting;

wherein the processor generates the elasticity information
by using the reception signal on the basis of the
acquired calculation parameter; and

wherein the processor allows a display to display the
elasticity information.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising

a memory which stores a plurality of the calculation
parameters determined in advance in association with a
plurality of different transmission/reception settings,

wherein the processor acquires the calculation parameter
from the memory.

3. The ultrasonic diagnostic apparatus according to claim

1,

wherein the processor generates the elasticity information
by calculating distortion of the subject for each corre-
lation calculation region corresponding to a predeter-
mined time range between a first reception signal
relating to the ultrasonic wave reflected by the subject
in a first pressurized state and a second reception signal
relating to the ultrasonic wave reflected by the subject
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in a second pressurized state by using the first reception
signal and the second reception signal, and

the processor acquires the calculation parameter indicat-

ing a size of the correlation calculation region.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein the processor extracts a phase difference com-
ponent at each time in a time range corresponding to the
correlation calculation region between the first reception
signal and the second reception signal and calculates the
distortion of the subject in the correlation calculation region
from the phase difference component and a center frequency
of the ultrasonic wave transmitted from the ultrasonic probe.

5. The ultrasonic diagnostic apparatus according to claim
15

wherein the transmission circuit allows the ultrasonic

probe to transmit an ultrasonic wave while scanning the
ultrasonic wave in a predetermined scan direction and
the reception circuit acquires two-dimensional data of
the reception signal relating to the scanned ultrasonic
wave every scanning,

the processor generates the elasticity information by

detecting a shift at each position of the subject between
a first pressurized state and a second pressurized state
by using first two-dimensional data relating to the
ultrasonic wave reflected by the subject in the first
pressurized state and second two-dimensional data
relating to the ultrasonic wave reflected by the subject
in the second pressurized state,

the detection of the shift is performed by specifying the

shift in a predetermined search region including the
correlation calculation region for each of two-dimen-
sional predetermined correlation calculation regions in
the two-dimensional data, and

the processor acquires the calculation parameter indicat-

ing at least one of a size of the correlation calculation
region and a size of the search region.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmission/reception setting includes set-
ting of a center frequency of an ultrasonic wave transmitted
from the ultrasonic probe.

7. The ultrasonic diagnostic apparatus according to claim
1,

wherein the reception circuit acquires the reception signal

relating to the reflected wave of which reflection posi-
tion on the subject is equal to or less than a predeter-
mined maximum depth among the ultrasonic waves
transmitted to the subject, and

the transmission/reception setting includes setting of the

maximum depth.

8. The ultrasonic diagnostic apparatus according to claim
7, wherein the reception circuit acquires the reception signal
at a sampling frequency that is lower as the set maximum
depth is larger.

9. The ultrasonic diagnostic apparatus according to claim
1,

wherein the transmission circuit allows the ultrasonic

probe to transmit while scanning the ultrasonic wave in
a predetermined scan direction and the reception circuit
acquires two-dimensional data of the reception signal
relating to the scanned ultrasonic wave every scanning,
and

the transmission/reception setting includes setting of a

frame frequency indicating a frequency of the scan-
ning.
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10. The ultrasonic diagnostic apparatus according to
claim 1, further comprising:

an input device which receives an input operation for

determining the transmission/reception setting; and
the processor determines the transmission/reception set-
ting on the basis of the input operation.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity information is an elastic image
representing a distribution of values relating to distortion in
the subject.

12. The ultrasonic diagnostic apparatus according to
claim 11, wherein the processor generates an ultrasonic
image representing an internal structure of the subject by
using the reception signal,

wherein the processor allows the display to display the

ultrasonic image and the elastic image.

13. The ultrasonic diagnostic apparatus according to
claim 12, wherein the processor allows the display to display
the ultrasonic image and the elastic image in a superimposed
manner.

14. A method of controlling an ultrasonic diagnostic
apparatus including an ultrasonic probe which transmits an
ultrasonic wave to a subject and receives a reflected wave of
the transmitted ultrasonic wave, the method comprising:

allowing the ultrasonic probe to transmit an ultrasonic

wave and acquiring a reception signal relating to the
ultrasonic wave received by the ultrasonic probe on the
basis of predetermined transmission/reception setting;
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acquiring a calculation parameter which is used for gen-
eration of elasticity information in the subject based on
the reception signal and is determined in correspon-
dence with the transmission/reception setting;

generating the elasticity information by using the recep-
tion signal on the basis of the acquired calculation
parameter; and

allowing a display to display the elasticity information.

15. A non-transitory recording medium storing a com-

puter readable program, the program causing a computer to
function as:

a transmission circuit which allows an ultrasonic probe to
transmit an ultrasonic wave to a subject and a reception
circuit which acquires a reception signal relating to a
reflected wave of the ultrasonic wave received by the
ultrasonic probe on the basis of predetermined trans-
mission/reception setting;

a processor acquires a calculation parameter which is used
for generation of elasticity information in the subject
based on the reception signal and is determined in
correspondence with the transmission/reception set-
ting;

wherein the processor generates the elasticity information
by using the reception signal on the basis of the
acquired calculation parameter; and

wherein the processor allows a display to display the
elasticity information.
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