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PUSH-PULSE | PUSH-pULSE | OBSERVATION-
SCAN MODE TRANSMISSION | TRANSMISSION | 121N SHISSION
MODE INTERVAL [em] | [\FERVAL (o)
SUCCESSIVE SCAN MODE
1CH SPEED) ONE SIDE 15 15
SUCCESSIVE SCAN MODE
(MEDIUM SPEED) ONE SIDE 1 1
SUCCESSIVE SCAN MODE
oW SPEED) ONE SIDE 0.6 0.5
ONE SHOT MODE BOTH SIDES 0.6 0.5
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FIG.10
ULTI\Q%%I\S%TP%FOBE FRAME RATE [fps]
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FIG.13
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FIG.15
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ULTRASONOGRAPHY APPARATUS AND
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
84967, filed on Apr. 16, 2014, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonography apparatus and a control method.

BACKGROUND

[0003] Conventionally, a technique called elastography has
been known in which the stiffness of a tissue of a living body
is measured, and a distribution of measured stiffness is visu-
alized. Elastography is used for diagnosis of diseases in
which the stiffness of a tissue varies according to stages of
development of a lesion such as cirrhosis, for example. In
elastography, as for methods of evaluating the stiffness by
causing a displacement in a tissue, there are following two
main methods.

[0004] The first method is a method of visualizing relative
stiffness based on a degree of distortion at each point that is
observed in a scanning section when pressure is applied to
and released from a tissue through a body surface by an
ultrasound probe. The second method is a method in which a
displacement based on shear waves is caused in a tissue by
applying acoustic radiation force or mechanical vibration to
the tissue through a body surface, and a displacement at each
point in a scanning section is observed over time, thereby
acquiring the propagation speed of shear waves to acquire the
elastic modulus. In the former method, the degree of a local
displacement is dependent on the scale of manually moving
an ultrasound prove, and it is assessed whether a region of
interest is relatively hard or soft when compared with a region
therearound. On the other hand, in the latter method, the
absolute elastic modulus of a region of interest can be
acquired.

[0005] Inthe latter method, when a stiffness image showing
the stiffness of a tissue is generated, push pulses that are
focused ultrasound pulses with a high sound pressure are used
as an acoustic radiation force. When shear waves are gener-
ated by this push pulse, various transmission conditions are
set. Therefore, an operator sets various transmission condi-
tions one by one.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram showing a configuration
example of an ultrasonography apparatus according to a first
embodiment;

[0007] FIGS. 2A to 2D are diagrams for explaining trans-
mission conditions;

[0008] FIG. 3 shows one example of data stored in a trans-
mission-condition storage unit according to the first embodi-
ment;

[0009] FIGS. 4A and 4B are diagrams for explaining pro-
cessing performed by a transmission control unit according to
the first embodiment;

[0010] FIG.5isaflowchart ofaprocessing procedure ofthe
ultrasonography apparatus according to the first embodiment;
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[0011] FIG. 6 is a flowchart of a processing procedure of a
stiffness-image-data generation processing;

[0012] FIG. 7 shows one example of data stored in a trans-
mission-condition storage unit according to a modification of
the first embodiment;

[0013] FIG. 8 shows one example of a transmission condi-
tion according to the modification of the first embodiment;
[0014] FIG. 9 is a block diagram showing a configuration
example of an ultrasonography apparatus according to a sec-
ond embodiment;

[0015] FIG. 10 shows one example of data stored in a
frame-rate storage unit according to the second embodiment;
[0016] FIG. 11 is a flowchart of a processing procedure of
the ultrasonography apparatus according to the second
embodiment;

[0017] FIG. 12 is a block diagram showing a configuration
example of an ultrasonography apparatus according to a third
embodiment;

[0018] FIG. 13 shows one example of data stored in a
frame-rate storage unit according to the third embodiment;
[0019] FIG. 14 is a flowchart of a processing procedure of
the ultrasonography apparatus according to the third embodi-
ment;

[0020] FIG. 15 shows one example of data stored in a
frame-rate storage unit according to a modification of the
third embodiment;

[0021] FIG. 16 is a flowchart of a processing procedure of
the ultrasonography apparatus according to the modification
of the third embodiment; and

[0022] FIG. 17 is a block diagram showing a configuration
example of an ultrasonography apparatus according to
another embodiment.

DETAILED DESCRIPTION

[0023] An ultrasonography apparatus according to
embodiments includes transmitting circuitry, and processing
circuitry. The transmitting circuitry configured to cause an
ultrasound probe to transmit a displacement-generation ultra-
sonic wave to cause a displacement in a tissue of a living body
based on an acoustic radiation force, and cause the ultrasound
probe to transmit an observation ultrasonic wave to observe a
displacement of a tissue of a living body in a predetermined
scan region, the displacement caused based on the displace-
ment-generation ultrasonic wave. The processing circuitry
configured to accept a setting instruction that corresponds to
the predetermined scan region, and that is related to an acqui-
sition frequency of an image based on a reflected wave signal
that is acquired by the ultrasound probe by transmission and
reception of the observation ultrasonic wave, determine a
transmission condition for at least one of the displacement-
generation ultrasonic wave and the observation ultrasonic
wave, according to the setting instruction, and control the
transmission circuitry based on the transmission condition.

First Embodiment

[0024] FIG. 1 is a block diagram showing a configuration
example of an ultrasonography apparatus 10 according to a
first embodiment. As shown in FIG. 1, the ultrasonography
apparatus 10 includes an apparatus main unit 100, an ultra-
sound probe 101, an input device 102, and a monitor 103.

[0025] The ultrasound probe 101 includes multiple trans-
ducers (for example, piezoelectric transducers), and these
transducers generate ultrasonic waves based on a driving
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signal that is supplied by a transmitting unit 110 described
later included in the apparatus main unit 100. Moreover, the
transducers included in the ultrasound probe 101 receive a
reflected wave from a subject P and convert into an electric
signal. Furthermore, the ultrasound probe 101 includes a
matching layer that is provided for the transducer, a backing
material to prevent propagation of an ultrasonic wave to a
backward direction from the transducer, and the like.

[0026] When ultrasonic waves are transmitted to the sub-
ject P from the ultrasound probe 101, the ultrasonic waves are
sequentially reflected on a discontinuous surface of an acous-
tic impedance in a tissue of the subject P, and received by the
transducers included in the ultrasound probe 101 as reflected
wave signals. The amplitude of the received reflected wave
signals is dependent on a difference in the acoustic impedance
on the discontinuous surface on which the ultrasonic waves
are reflected. Reflected wave signals when transmitted ultra-
sonic wave pulses are reflected on a surface of a moving
bloodstream, a cardiac wall, and the like have frequency shifts
dependent on a velocity component of a moving body relative
to a direction of transmission of ultrasonic waves by the
Doppler effect.

[0027] The first embodiment is applicable to any of a case
in which the ultrasound probe 101 shown in FIG. 1 is a
one-dimensional ultrasound probe in which multiple piezo-
electric transducers are arranged in a single row, a case of a
one-dimensional ultrasound probe in which multiple piezo-
electric transducers are arranged in a single row are mechani-
cally swung, and a case of a two-dimensional ultrasound
probe in which multiple piezoelectric transducers are
arranged two-dimensionally in a lattice.

[0028] The input device 102 includes a mouse, a keyboard,
a button, a panel switch, a touch command screen, a foot
switch, a track ball, and a joy stick, and the like, and accepts
various kinds of setting requests from an operator of the
ultrasonography apparatus 10, an transfers the accepted vari-
ous kinds of setting requests to the apparatus main unit 100.
[0029] The monitor 103 displays, for example, a graphical
user interface (GUI) for an operator of the ultrasonography
apparatus 10 to input various kinds of setting requests by
using the input device 102, or displays ultrasonic image data
generated in the apparatus main unit 100, and the like.
[0030] The apparatus main unit 100 includes an apparatus
that generates ultrasonic image data based on a reflected wave
signal received by the ultrasound probe 101, and includes the
transmitting unit 110, a receiving unit 120, a signal process-
ing unit 130, an image generating unit 140, an image memory
150, an internal storage unit 160, and a control unit 170 as
shown in FIG. 1.

[0031] The transmitting unit 110 controls the transmission
directivity in transmission of an ultrasonic wave. For
example, the transmitting unit 110 includes a pulse generator
111, a transmission delaying unit 112, and a pulser 113, and
provides a driving signal to the ultrasound probe 101. The
pulse generator 111 generates rate pulses to form transmis-
sion ultrasonic waves repeatedly at a predetermined rate fre-
quency (pulse repetition frequency (PRF)). The rate pulse
applies a voltage to the pulser 113 in a state in which various
transmission delay times are given thereto by passing through
the transmission delaying unit 112. That is, the transmission
delaying unit 112 gives a transmission delay time for each
transducer that is required to converge ultrasonic waves gen-
erated by the ultrasound probe 101 into a beam form and to
determine the transmission directivity to each rate pulse gen-
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erated by the pulse generator 111. The pulser 113 applies a
driving signal (driving pulse) to the ultrasound probe 101 at
timing based on the rate pulse. The transmission direction or
the transmission delay time is stored in the internal storage
unit 160 described later, and the transmitting unit 110 refers to
the internal storage unit 160 to control the transmission direc-
tivity.

[0032] The driving pulse is transferred to the transducer
inside the ultrasound probe 101 through a cable from the
pulser 113, and then converted into a mechanical vibration
from an electrical signal by the transducer. This mechanical
vibration is transmitted as ultrasonic wave inside a living
body. Ultrasonic waves having various transmission delay
times each of which differs for every transducer are con-
verged to be propagated in a predetermined direction. The
transmission delaying unit 112 varies transmission delay
times to be given to the respective rate pulses, to adjust the
transmission direction from a surface of the transducer arbi-
trarily. The transmitting unit 110 controls the number and a
position (transmission aperture) of the transducers to be used
to transmit an ultrasonic beam, and a transmission delay time
according to a position of each of the transducers structuring
the transmission aperture, to give the transmission directivity.
Forexample, the transmission delaying unit 112 gives a trans-
mission delay time to each rate pulse that is generated by the
pulse generator 111, thereby controlling the position of a
focus (transmission focus) in a depth direction in transmis-
sion of an ultrasonic wave.

[0033] The transmitting unit 110 has a function enabling to
change a transmission frequency, a transmission driving volt-
age, and the like instantaneously to execute a predetermined
scan sequence based on an instruction of the control unit 170
described later. Particularly, a change of the transmission
driving voltage is achieved by a linear-amplifier transmission
circuitry that can change the value instantaneously, or a
mechanism of electrically switching multiple power supply
units.

[0034] After reaching the transducer inside the ultrasound
probe 101, a reflected wave of an ultrasonic wave transmitted
by the ultrasound probe 101 is converted into an electrical
signal (reflected wave signal) from mechanical vibration by
the transducer, and is then input to the receiving unit 120.

[0035] The receiving unit 120 controls the reception direc-
tivity in reception of an ultrasonic wave. For example, the
receiving unit 120 includes a preamplifier 121, an analog/
digital (A/D) convertor 122, and a reception-delay adding
unit 123, and generates reflected wave data by performing
various kinds of processing on a reflected wave signal
received by the ultrasound probe 101. The preamplifier 121
performs gain correction processing by amplifying a reflected
wave signal per channel. The A/D convertor 122 performs
A/D conversion of the reflected wave signal subjected to the
gain correction. The reception-delay adding unit 123 gives a
reception delay time that is required to determine the recep-
tion directivity, per channel, and adds reflected wave signals
(digital signals) to which reception delay times are given, to
generate reflected wave data. By this addition processing, a
reflection component from a direction according to the recep-
tion directivity of the reflected wave signal is emphasized.
The reception direction or the reception delay time is stored in
the internal storage unit 160 described later, and the receiving
unit 120 refers to the internal storage unit 160 to control the
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reception directivity. The receiving unit 120 according to the
firstembodiment is also capable of performing parallel simul-
taneous reception.

[0036] The signal processing unit 130 performs various
kinds of signal processing on reflected wave data that is
generated from a reflected wave signal by the receiving umt
120. For example, the signal processing unit 130 includes a
B-mode processing unit 131, and a Doppler processing unit
132.

[0037] The B-mode processing unit 131 generates data
(B-mode data) in which a signal intensity is expressed by the
intensity of brightness for each sample point, by performing
logarithm amplification, envelope detection processing, and
the like on the reflected wave data received by the receiving
unit 120.

[0038] The Doppler processing unit 132 generates data
(Doppler data) in which movement information of a moving
body is extracted based on the Doppler effect from the
reflected wave data received from the receiving unit 120.
Specifically, the Doppler processing unit 132 generates Dop-
pler data in which an average speed, a dispersion value, a
power value, and the like are extracted at each sample point as
the movement information of a moving body. The moving
body is, for example, blood stream, a tissue of cardiac wall,
and a contrast agent.

[0039] The image generating unit 140 generates ultrasonic
image data from the data that is generated by the signal
processing unit 130. The image generating unit 140 generates
B-mode image data in which the intensity of a reflected wave
is expressed by brightness, from B-mode data generated by
the signal processing unit 130. Furthermore, the image gen-
erating unit 140 generates Doppler image data that indicates
moving body information, from Doppler data generated by
the signal processing unit 130. The Doppler image data is
speed image data, dispersion image data, power image data,
or image data in which these are combined.

[0040] Generally, the image generating unit 140 converts
(scan converts) a scan-line signal string of vltrasonic scan-
ning into a scan-line signal string of a video format repre-
sented by television and the like, to generate ultrasonic image
data for display. Specifically, the image generating unit 140
generates the ultrasonic image data for display by performing
coordinate transformation according to a scanning form of an
ultrasonic wave by the ultrasound probe 101. Moreover, the
image generating unit 140 performs image processing
(smoothing) to regenerate a brightness average-value image,
image processing (edge enhancement) using a differential
filter in an image, and the like as various kinds of image
processing other than the scan conversion, by using image
frames after scan conversion, for example. Furthermore, the
image generating unit 140 composites supplementary infor-
mation (character information of various kinds of parameters,
scales, body marks, and the like) with the ultrasonic image
data.

[0041] That is, the B-mode data and the Doppler data are
the ultrasonic image data before performing the scan conver-
sion processing, and data generated by the image generating
unit 140 is ultrasonic image data for display after the scan
conversion processing. The image generating unit 140 gen-
erates volume data by performing coordinate transformation
according to a scanning form of an ultrasonic wave by the
ultrasound probe 101 when the signal processing unit 130
generates  three-dimensional data  (three-dimensional
B-mode data and three-dimensional Doppler data). The
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image generating unit 140 then performs various kinds of
rendering processing on the volume data to generate two-
dimensional image data for display.

[0042] The image memory 150 is a memory that stores
image data for display generated by the image generating unit
140. Moreover, the image memory 150 can also store data
generated by the signal processing unit 130. B-mode data and
Doppler data stored in the image memory 150 can be
retrieved, for example, by an operator after diagnosis, and are
to be ultrasonic image data for display through the image
generating unit 140.

[0043] The internal storage unit 160 stores a control pro-
gram to perform image processing and display processing,
diagnosis information (for example, patient identification
(ID), observations of a doctor, and the like), or various kinds
of data such as a diagnosis protocol and various kinds of body
marks. Moreover, the internal storage unit 160 is also used to
archive image data stored in the image memory 150, and the
like as necessary. Furthermore, data stored in the internal
storage unit 160 can be transferred to an external device
through an interface unit not shown.

[0044] Moreover, the internal storage unit 160 stores a
transmission-condition storage unit 161. The transmission-
condition storage unit 161 is described later.

[0045] The control unit 170 controls overall processing of
the ultrasonography apparatus. Specifically, the control unit
170 controls processing of the transmitting unit 110, the
receiving unit 120, the signal processing unit 130, and the
image generating unit 140 based on various kinds of setting
requests input by an operator through the input device 102, or
various kinds of control programs and various kinds of data
read from the internal storage unit 160. Furthermore, the
control unit 170 controls to display ultrasonic image data for
display that is stored in the image memory 150 on the monitor
103.

[0046] Moreover, the control unit 170 includes an accept-
ing unit 171, a determining unit 172, and a transmission
control unit 173. The accepting unit 171, the determining unit
172, and the transmission control unit 173 are described later.
[0047] Note that the transmitting unit 110, the receiving
unit 120, and the like can be configured with hardware of a
processor (central processing unit (CPU), a micro-processing
unit (MPU), an integrated circuitry, and the like), and can be
configured with a program that is formed into modules as
software.

[0048] The ultrasonography apparatus 10 according to the
first embodiment is an apparatus that can measure the stiff-
ness of atissue of a living body, and can perform elastography
in which distribution of the measured stiffness is visualized.
Specifically, the ultrasonography apparatus 10 according to
the first embodiment is an apparatus that can perform elas-
tography by causing a displacement in a tissue of a living
body by applying an acoustic radiation force.

[0049] That is, the transmitting unit 110 according to the
first embodiment causes the ultrasound probe 101 to transmit
push pulses to cause a displacement ina tissue of a living body
based on an acoustic radiation force. The transmitting unit
110 according to the first embodiment causes the ultrasound
probe 101 to generate observation pulses to observe a dis-
placement in a tissue of a living body occurring based on the
push pulses in a predetermined scan region. The observation
pulses are transmitted to observe a propagation speed of shear
waves that are generated by the push pulses at each sample
point in a scan region. Generally, the observation pulse is
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transmitted multiple times (for example, 100 times) to each
scan line in a scan region. The receiving unit 120 generates
reflected wave data from a reflected wave signal of the obser-
vation pulse that is transmitted to each scan line in a scan
region. The push pulse is one example of a displacement-
generation ultrasonic wave. Moreover, the observation pulse
is one example of an observation ultrasonic wave. Further-
more, the scan region signifies a region that is scanned for
forming an image. and corresponds to, for example, a region
of interest (ROI).

[0050] Subsequently, the Doppler processing unit 132
observes changes of a displacement over time at each sample
point. For example, the Doppler processing unit 132 performs
auto-correlation processing of reflected wave data of the
observation pulse. Thus, the Doppler processing unit 132
generates movement information (tissue Doppler data) over
multiple time phases at each of multiple sample points of each
scan line. The Doppler processing unit 132 then time inte-
grates speed components of the tissue Doppler data of mul-
tiple time phases that are acquired at each of the sample points
of each scan line. Thus, the Doppler processing unit 132
acquires changes of a displacement over time at each sample
point by calculating displacements of each of the sample
points of each scan line over multiple time phases. These
changes of a displacement over time can be drawn as a plotin
which a horizontal axis is an elapsed time and a vertical axis
is a displacement. The Doppler processing unit 132 stores the
calculated changes of a displacement over time at each
sample point in the image memory 150. In the above case, the
observation pulse is a transmission pulse for tissue Doppler.

[0051] The image generating unit 140 then generates stiff-
ness image data in which the stiffness of a tissue of a living
body is expressed by colors, from the changes of a displace-
ment over time at each sample point in a scan region. For
example, the image generating unit 140 calculates, from cor-
relation of plots of changes of displacements over time at
sample points adjacent to each other at the same depth, arrival
times of shear waves by acquiring an amount of difference
when the similarity of the plots is the highest. The image
generating unit 140 then calculates a propagation speed of a
shear wave (hereinafter, “shear speed”) at each sample point
from a difference in arrival times of respective sample points
in an azimuth direction, and from a position of each sample.
Subsequently, the image generating unit 140 allocates a pixel
value (color map) according to a shear speed to each sample
point in the scan region, thereby generating shear-speed
image data that corresponds to the size of the scan region.
Note that the shear speed is high in a hard tissue, and the shear
speed is low in a soft tissue. In other words, a value of the
shear speed is a value that indicates the stiffness (elastic
modulus) of a tissue. That is, the image generating unit 140
generates the shear-speed image data as stiffness image data
that indicates the stiffness of a tissue of a living body. The
image generating unit 140 may calculate the arrival time of a
shear wave described above based on time when a displace-
ment is the largest at each sample point.

[0052] The image generating unit 140 may calculate the
Young’s modulus or the elastic shear modulus from the shear
speed. and generate stiffness image data based on the calcu-
lated Young’s modulus or the elastic shear modulus. Either of
the shear speed, the Young’s modulus, and the elastic shear
modulus can be used as a physical amount that expresses the
stiffness of a tissue of a living body. In the following, a case in
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which the image generating unit 140 uses the shear speed as
a physical amount that expresses the stiffness of a tissue of a
living body is explained.

[0053] Whena stiffness image is generated by elastography
using push pulses, an operator of the ultrasonography appa-
ratus 10 is to be setting various transmission conditions.
[0054] FIG. 2A to FIG. 2D are diagrams for explaining
transmission conditions. For example, as shown in FIG. 2A,
when elastography is performed, an operator switches a dis-
play mode of the ultrasonography apparatus 10 to a display
mode to perform elastography (for example, called elasto-
mode). In this elastomode, B-mode pulses are repeatedly
transmitted and received except when processing to display a
stiffness image is performed, and a B-mode image 20 is
displayed on the monitor 103 in a substantially real time. For
example, viewing this B-mode image 20, the operator opet-
ates the ultrasound probe 101 to set a region of interest (ROI)
30 for which a stiffness image is to be displayed to a position
at which a stiffness image is wished to be displayed (for
example, a position at which a portion considered as a tumor
is displayed). When the operator inputs a scan start instruc-
tion to instruct start of scanning, the ultrasonography appa-
ratus 10 generates a stiffness image of the ROI 30. In this case,
for example, a transmission condition are set as shown in FIG.
2B to FIG. 2D.

[0055] InFIG. 2B, for example, a case in which whether to
transmit push pulses to one end of the ROI 30, or to transmit
push pulses to both ends is set as a transmission condition is
explained. When push pulses are transmitted to one end, for
example, the ultrasonography apparatus 10 transmits push
pulses to a transmission position 40, and observes shear
waves that propagate in a direction of an arrow 50 by these
push pulses. On the other hand, when push pulses are trans-
mitted to both ends of the ROT 30, the ultrasonography appa-
ratus 10 also observes shear waves that propagate in a direc-
tion of an arrow 51 by the push pulses transmitted to a
transmission position 41, in addition to the shear waves by the
push pulses transmitted to the transmission position 40. The
ultrasonography apparatus 10 then calculates the shear
speeds of the shear waves that propagate in both directions in
the ROI 30, and acquires more accurate shear speed by inte-
grating values of respective sample points. Therefore, gener-
ally, to enhance the image quality, it is preferable to transmit
push pulses to both ends of the RO 30, and to increase a frame
rate, it is preferable to transmit push pulses to one end of the
ROI 30.

[0056] To transmit push pulses to both ends of the ROI 30 is
effective when regions having different stiffness are present
in a subject. This is because shear waves reflect at a boundary
of regions having different stiffness and interfere with each
other, and observation of the shear waves is difficult. To
reduce the influence of this reflection, application of a filter to
remove a component of a shear wave that propagates in an
inverse direction to the direction of shear waves to be
observed has been proposed. However, the influence of the
reflection is not necessarily reduced completely by this filter.
Therefore, by observing the respective shear waves that
propagate in the both directions, regions in which the shear
waves are likely to reflect are shifted from each other, and by
superimposing respective observation results, a highly reli-
able stiffness image is generated.

[0057] Furthermore, in FIG. 2C and FIG. 2D, a case in
which intervals in the azimuth direction of push pulses are set
as a transmission condition is explained. The reason why the
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intervals in the azimuth direction of push pulses are set is
because shear waves generated by transmission of push
pulses attenuate as propagation. Therefore, by transmitting
push pulses at predetermined intervals from multiple trans-
mission positions, a range observed by a single push pulse
transmission can be narrowed. For example, in an example
shown in FIG. 2C, three transmission positions 40a, 405, and
40c¢ are set, and in an example shown in FIG. 2D, five trans-
mission positions 40d, 40e, 40f, 40g, and 40/ are set. In the
case of FIG. 2C, the transmission frequency of push pulses
can be decreased compared to the case of FIG. 2D, and
therefore, it is suitable for a case of increasing a frame rate;
however, there is a possibility that shear waves attenuate at a
right end of respective divided ROIs 304,305, and 30¢. Onthe
other hand, in the case of FIG. 2D, the intervals of the respec-
tive transmission positions are narrower than those of the case
of FIG. 2D, and therefore, it is suitable for a case of enhancing
the image quality; however, high-speed visualization is diffi-
cult because the transmission frequency of push pulses
increases.

[0058] Moreover, the ultrasonography apparatus 10 is
required to comply with acoustic power regulations. Because
a push pulse used in elastography has larger acoustic power
compared to, for example, a B-mode transmission waveform,
generated heat is also high. To reduce the heat to be within a
range of the regulations, for example, the acoustic power per
single push pulse is lowered (that is, to lower the sound
pressure, or to shorten the irradiation time), or the transmis-
sion frequency of push pulses per unit time is reduced.
Because the acoustic power of a transmitted push pulse has
correlation with a displacement amount of a tissue of a living
body generated by the push pulse, if the acoustic power of the
push pulse is lowered, a sufficient amount of displacement for
observation cannot be caused, and shear waves cannot be
observed clearly. Therefore, for high-speed visualization,
when the transmission frequency is reduced maintaining the
acoustic power, rather than the acoustic power is lowered
maintaining the transmission frequency of push pulses, the
image quality can be enhanced as a result.

[0059] As described, in elastography, various transmission
conditions are set to cause a sufficient amount of displace-
ment for observation to perform visualization. These trans-
mission conditions are not necessarily defined uniquely, but
differ according to desired image quality or frame rate. There-
fore, it is difficult for an operator to set optimal transmission
conditions one by one at each imaging. In addition, for
example, when a frame rate is wished to be changed, an
operator is required to re-set a transmission condition each
time the frame rate is changed, and this requires time and
effort.

[0060] Therefore, the ultrasonography apparatus 10
according to the first embodiment enables to acquire a stiff-
ness image with high image quality by a simple operation, by
having a configuration explained below.

[0061] The transmission-condition storage unit 161
according to the first embodiment stores transmission condi-
tions. For example, the transmission-condition storage unit
161 stores the transmission conditions according to a one shot
mode in which imaging is performed for a single time, and a
successive scan mode in which images are generated repeat-
edly at a predetermined frame rate.

[0062] FIG. 3 shows one example of data stored in the
transmission-condition storage unit 161 according to the first
embodiment. As shown in FIG. 3, the transmission-condition
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storage unit 161 stores data in which a “scan mode”, a “push-
pulse transmission mode”, a “push-pulse transmission inter-
val” and an “observation-pulse transmission interval” are
associated with each other. The data stored in the transmis-
sion-condition storage unit 161 may be registered by an
operator in advance, or be preset.

[0063] The “scanmode” is data indicating a mode in which
scanning is performed. For example, in the “scan mode”,
whether the “one shot mode” in which imaging is performed
for a single time or the “successive scan mode” in which
imaging is performed repeatedly in the elastomode is regis-
tered. The “successive scan mode™ is registered as multiple
modes in which frame rates for imaging a scan region are
different from each other. For example, as the “successive
scan mode”, a “successive scan mode (high speed)”, a “suc-
cessive scan mode (medium speed)”, and a “successive scan
mode (low speed)” are registered. Among these, the “succes-
sive scan mode (high speed)” is a scan mode in which the
frame rate is higher than the other successive scan modes.
Moreover, the “successive scan mode (low speed)” is a scan
mode in which the frame rate is lower than the other succes-
sive scan modes. Furthermore, the “successive scan mode
(medium speed)” is a scan mode in which the frame rate is set
to an intermediate level between the “successive scan mode
(high speed)” and the “successive scan mode (low speed)”.
[0064] Moreover, the “push-pulse transmission mode” is
data indicating whether a transmission position to which push
pulses are transmitted is on “one side” or on “both sides”. For
example, the push-pulse transmission mode “one side” indi-
cates that push pulses are transmitted to one end of a scan
region in a corresponding scan mode. Furthermore, the push-
pulse transmission mode “both sides” indicates that push
pulses are transmitted to both ends of a scan region in a
corresponding scan mode. When this push-pulse transmis-
sion mode is “one side”, the direction of shear waves that
propagate by push pulses is a single direction, and when “both
sides”, two directions.

[0065] Moreover, the “push-pulse transmission interval” is
data indicating intervals in the azimuth direction of push
pulses that are transmitted to a scan region. For example, the
push-pulse transmission interval “1 centimeter (cm)” indi-
cates that push pulses are transmitted at “1 cm” intervals to
the ROI 30 specified by an operator.

[0066] Furthermore, the “observation-pulse transmission
interval” is data that indicates intervals in the azimuth direc-
tion of observation push pulses that are transmitted to a scan
region. For example, the observation-pulse transmission
interval “1 millimeter (mm)” indicates that the observation
pulses are transmitted at “1 mm” intervals to the ROI 30
specified by an operator.

[0067] FIG. 3 only shows one example. For example,
although the push-pulse transmission interval and the obser-
vation-pulse transmission interval are indicated by “dis-
tances” in FIG. 3, embodiments are not limited thereto. For
example, the push-pulse transmission interval and the obser-
vation-pulse transmission interval may be indicated by
“angles”. As a specific example, it is preferable that when the
ultrasound probe 101 is a linear probe, the push-pulse trans-
mission interval and the observation-pulse transmission inter-
val be indicated by “distances”, and when the ultrasound
probe 101 is a convex probe, the push-pulse transmission
interval and the observation-pulse transmission interval be
indicated by “angles”. Moreover, for example, the transmis-
sion-condition storage unit 161 is not required to store all of



US 2015/0297175 Al

the items, the push-pulse transmission mode, the push-pulse
transmission interval, and the observation-pulse transmission
interval described above as transmission conditions, and may
store other items. Furthermore, for example, when the push-
pulse transmission mode is “one side”, specifically to which
side (right side or left side) out of two ends of a scan region,
transmission is performed may be stored.

[0068] The accepting unit 171 accepts various kinds of
instructions, and outputs accepted instructions to other pro-
cessing units as appropriate. Moreover, the acceptingunit 171
makes various kinds of settings according to accepted instruc-
tions.

[0069] Forexample, the accepting unit 171 sets the ROI 30.
As one example, the accepting unit 171 causes the monitor
103 to display a GUI for ROI setting, and accepts an instruc-
tion to set the ROI 30 made by an operator on the GUI for ROT
setting. Subsequently, the accepting unit 171 sets the ROI 30
based on the accepted instruction.

[0070] Furthermore, the accepting unit 171 according to
the first embodiment accepts an instruction to set a scan
mode. For example, the accepting unit 171 accepts either one
of instructions out of the instructions to set the “successive
scan mode (high speed)”, the “successive scan mode (me-
dium speed)”, the “successive scart mode (low speed)”, and
the “one shot mode” from an operator through the input
device 102. The accepting unit 171 outputs an accepted
instruction to the determining unit 172.

[0071] Although a case in which the accepting unit 171
accepts an instruction to set a scan mode is explained in the
first embodiment, embodiments are not limited thereto. For
example, the accepting unit 171 may accept an instruction to
set a frame rate from an operator. This is because the scan
mode (one shot mode, successive scan mode) in the present
embodiment practically signifies a frame rate. For example,
to the “successive scan mode (high speed)”, the “successive
scan mode (medium speed)”, and the “successive scan mode
(low speed)”, frame rates different from each other are set. As
one example, the frame rate of the “successive scan mode
(high speed)” is “1.5 frame per second (fps)”, the frame rate
of the “successive scan mode (medium speed)” is “1 fps”, and
the frame rate of the “successive scan mode (low speed)” is
“0.5 fps”. In this case, the accepting unit 171 accepts an
instruction to set the image acquisition frequency corre-
sponding to a scan region in a predetermined period.

[0072] Moreover, in the “one shot mode”, a pause time
(cooling time) is set. This pause time is a period that is set to
cool the temperature of a tissue of a living body that has risen
by scanning (transmission and reception of push pulses and
observation pulses). As one example, after scanning in the
“one shot mode”, it is set to be in a freeze state for five
seconds. This means the same as that the frame mode of the
“one shot mode” is set to “0.2 fps”. That is, it can be regarded
that the accepting unit 171 accepts an instruction to set the
image acquisition frequency (once) corresponding to a scan
region during a predetermined period (pause time).

[0073] That is, in the ultrasonography apparatus 10 accord-
ing to the first embodiment, the accepting unit 171 accepts an
instruction to set an image acquisition frequency correspond-
ing to a predetermined time. When the accepting unit 171
accepts an instruction to set a frame rate, the transmission-
condition storage unit 161 stores a transmission condition
according to the frame rate. For example, the transmission-
condition storage unit 161 data in which the frame rate “1
ps”, the push-pulse transmission mode “one side”, the push-
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pulse transmission interval “1 cm”, and the observation-pulse
transmission interval “1 mm” are associated with each other.
In other words, the accepting unit 171 accepts a setting
instruction relating to the image acquisition frequency based
on reflected wave signals that are collected by the ultrasound
probe by transmission and reception of observation pulses,
corresponding to a predetermined scan region.

[0074] The determining unit 172 according to the first
embodiment determines a transmission condition according
to the instruction accepted by the accepting unit 171. For
example, the determining unit 172 accepts, from the accept-
ing unit 171, an instruction to set a scan mode input by an
operator. The determining unit 172 then refers to the trans-
mission-condition storage unit 161, and determines a trans-
mission condition according to the accepted instruction. Sub-
sequently, the determining unit 172 outputs the determined
transmission condition to the transmission control unit 173.
[0075] For example, when the instruction to set the “suc-
cessive scan mode (medium speed)” is accepted from the
accepting unit 171, the determining unit 172 refers to the
transmission-condition storage unit 161. The determining
unit 172 then acquires the push-pulse transmission mode
“one side”, the push-pulse transmission interval “1 cm”, and
the observation-pulse transmission interval “1 mm” that are
associated with the “successive scan mode (medium speed)”.
Subsequently, the determining unit 172 determines the
respective acquired items as the transmission condition.
[0076] Furthermore, for example, when an instruction to
set the “one shot mode” is accepted, the determining unit 172
refers to the transmission-condition storage unit 161. The
determining unit 172 then acquires the push-pulse transmis-
sion mode “both sides”, the push-pulse transmission interval
“0.6 cm”, and the observation-pulse transmission interval
“0.5 mm” that are associated with the “one shot mode”.
Subsequently, the determining unit 172 determines the
respective acquired items as the transmission condition.
[0077] The transmission control unit 173 according to the
first embodiment controls the transmitting unit 110 based on
the transmission condition. For example, the transmission
control unit 173 calculates application voltages of the push
pulse and the observation pulse based on the determined
transmission condition. The transmission control unit 173
then performs stiffness-image generation processing based
on the calculated application voltages of the push pulse and
the observation pulse, and the transmission condition.
[0078] FIG. 4A and FIG. 4B are diagrams for explaining
processing performed by the transmission control unit 173
according to the first embodiment. In FIG. 4A, a case of
generating stiffness image data of the ROI 30 in the “succes-
sive scan mode (medium speed)” is exemplified, and in FIG.
4B, a case of generating stiffness image data of the ROT 30 in
the “one shot mode” is exemplified. In FIG. 4A and F1G. 4B,
a case in which the number of simultaneous reception of the
ultrasound probe 101 is 4 lines is explained.

[0079] First, a case of generating stiffness image data of the
ROI 30 in the “successive scan mode (medium speed)” is
explained using FIG. 4A. In this case, the push-pulse trans-
mission mode “one side”, the push-pulse transmission inter-
val “1 cm”, and the observation-pulse transmission interval
“1 mm” have already been determined as the transmission
condition by processing of the determining unit 172. Regions
obtained by equally dividing the ROI 30 in the azimuth direc-
tion as respective divided ROIs 30a, 305, and 30c are here-
inafter expressed as divided ROIs.
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[0080] The transmission control unit 173 calculates the
transmission frequencies of the push pulse and the observa-
tion pulse that is required to perform a single time of imaging
(capturing) based on the determined transmission condition.
For example, the transmission control unit 173 calculates the
transmission frequency of the observation pulse required to
observe the divided ROI 30a first. In this case, the transmis-
sion control unit 173 acquires “10 lines (=1 cm/1 mm)” as the
number of transmission lines (scan lines) of the observation
pulse because the observation-pulse transmission interval is
“1 mm” and the push-pulse transmission interval is “1 cm”.
For example, when the observation pulse is transmitted 100
times for a single scan line, the transmission control unit 173
acquires “1000 times (=10 linesx100 times)” as the transmis-
sion frequency of the observation pulse required to observe
the divided ROI 30a.

[0081] Subsequently, the transmission control unit 173 cal-
culates the transmission frequency of the push pulse that is
required to observe the divided ROI 30a. In this case, the
transmission control unit 173 acquires “3 times” as the trans-
mission frequency of the push pulse required to observe the
divided ROI 30a because the transmission frequency (num-
ber of scan lines) of the observation pulse required to observe
the divided ROI 304 is “10 lines” and the simultaneous recep-
tion lines are 4 lines. Specifically, out of 10 scan lines, the first
push pulse is transmitted to observe the first to the fourth scan
lines to observe the first to the fourth scan lines, the second
push pulse is transmitted to observe the fifth to the eighth scan
lines, and the third push pulse is transmitted to observe the
ninth and the tenth scan lines.

[0082] Subsequently, the transmission control unit 173 cal-
culates the transmission frequency of the push pulse and the
observation pulse that is required to observe the respective
divided ROIs 305 and 30c¢. In an example shown in FIG. 4A,
the transmission conditions of the push pulse and the obser-
vation pulse for the divided ROIs 305 and 30¢ are the same as
that of the divided ROI 30a. Therefore, the transmission
control unit 173 similarly acquires “3 times” as the transmis-
sion frequency of the push pulse and “1000 times” as the
transmission frequency of the observation pulse for the
divided ROIs 304 and 30c¢ also.

[0083] The transmission control unit 173 then sums the
calculated transmission frequencies of the push pulse and the
observation pulse that are required to observe the respective
divided ROIs 30qa, 305, and 30c. Thus, the transmission con-
trol unit 173 acquires the transmission frequency “9 times” of
the push pulse and the transmission frequency “3000 times”
of the observation pulse that are required to perform single
imaging.

[0084] As described, the transmission control unit 173 cal-
culates the transmission frequency of the push pulse and the
transmission frequency of the observation pulse required to
perform a single time of imaging. The transmission control
unit 173 then calculates application voltages for the push
pulse and the observation pulse based on the calculated trans-
mission frequency of the push pulse and the transmission
frequency of the observation pulse.

[0085] For example, the transmission control unit 173 cal-
culates the application voltages of the push pulse and the
observation pulse based on a mechanical index (MI) value
and a thermal index (TI) value. In the internal storage unit
160, for example, an MI value and a heating amount when the
push pulse and the observation pulse are irradiated one time
each are stored. When the push pulse and the observation
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pulse are transmitted within a range in which the TT value
does not exceed the regulated value, the transmission control
unit 173 calculates a heating amount per unit time (average
heating amount) based on the heating amount of heat gener-
ated when the push pulse and the observation pulse are trans-
mitted one time each, the transmission frequency of the push
pulse and the transmission frequency of the observation
pulse, and the frame rate. The transmission control unit 173
acquires the highest voltage within a range in which this
average heating amount does not exceed the regulated value
as the application voltage for the push pulse and the observa-
tion pulse.

[0086] Subsequently, the transmission control unit 173
causes the transmitting unit 110 to transmit the push pulse and
the observation pulse using the calculated application volt-
ages of the push pulse and the observation pulse. For example,
to visualize the ROI 30 once, the transmission control unit
173 first controls to transmit the push pulse at a transmission
position 40a, and observes a shear wave that propagates in the
direction indicated by an arrow 50a in the divided ROI 30a
(controls to transmit and receive the observation pulse). Next,
the transmission control unit 173 controls to transmit the push
pulse at a transmission position 405, and observes a shear
wave that propagates in the direction indicated by an arrow
504 in the divided ROI 305. Subsequently, the transmission
control unit 173 controls to transmit the push pulse at the
transmission position 40c, and observes a shear wave that
propagates in the direction indicated by an arrow 50¢ in the
divided ROI 30¢. Thus, the stiffness image data of the ROI 30
is generated based on changes of a displacement over time at
each sample point observed in each of the divided ROIs 30aq,
305, and 30c.

[0087] Next, acase of generating stiffness image data ofthe
ROI 30 in the “one shot mode™ is explained using FIG. 4B. In
this case, the push pulse transmission mode “both sides”, the
push-pulse transmission interval “0.6 cm”, and the observa-
tion-pulse transmission interval “0.5 mm” has already been
determined as the transmission condition by processing ofthe
determining unit 172.

[0088] The transmission control unit 173 calculates the
transmission frequencies of the push pulse and the observa-
tion pulse that is required to perform a single time of imaging
based on the determined transmission condition. In this case,
the transmission control unit 173 acquires “12 lines (=0.6
cm/0.5 mm)” as the number of the transmission lines (scan
lines) of the observation pulse that is required to observe a
divided ROI 304 because the observation-pulse transmission
interval is “0.5 mm” and the push-pulse transmission interval
is “0.6 cm”. For example, when the observation pulse is
transmitted 100 times for a single scan line, the transmission
control unit 173 acquires “2400 times (=12 linesx100
timesx2 (both sides))” as the transmission frequency of the
observation pulse required to observe the divided ROI 304.
Because the push-pulse transmission mode is “both sides”, a
value of the transmission frequency is doubled.

[0089] Subsequently. the transmission control unit 173 cal-
culates the transmission frequency of the push pulse that is
required to observe the divided ROI 30d. In this case, the
transmission control unit 173 acquires “6 times” as the trans-
mission frequency of the push pulse required to observe the
divided ROI 304 because the number of transmission lines
(number of scan lines) of the observation pulse required to
observe the divided ROI 304 is “12 lines” and the simulta-
neous reception lines are 4 lines.
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[0090] Subsequently, the transmission control unit 173 cal-
culates the transmission frequencies of the push pulse and the
observation pulse that are required to observe the respective
divided ROIs 30e, 30f, 30g, and 30/. In an example shown in
FIG. 4B, the transmission conditions of the push pulse and the
observation pulse for the divided ROIs 30e, 307, 30g, and 30/
are the same as that of the divided ROI 30d. Therefore, the
transmission control unit 173 similarly acquires “‘6 times” as
the transmission frequency of the push pulse and “2400
times” as the transmission frequency of the observation pulse
for the respective divided ROIs 30e, 30/, 30g, and 30/ also.
[0091] The transmission control unit 173 then sums the
calculated transmission frequencies of the push pulse and the
observation pulse that are required to observe the respective
divided ROIs 304, 30e, 301, 30g, and 30/. Thus, the transmis-
sion control unit 173 acquires the transmission frequency “30
times” of the push pulse and the transmission frequency
“12000 times™ of the observation pulse that are required to
perform single imaging.

[0092] As described, the transmission control unit 173 cal-
culates the transmission frequency of the push pulse and the
transmission frequency of the observation pulse required to
perform a single time of imaging. The transmission control
unit 173 then calculates application voltages for the push
pulse and the observation pulse based on the calculated trans-
mission frequency of the push pulse and the transmission
frequency of the observation pulse.

[0093] For example, the transmission control unit 173 cal-
culates the application voltages of the push pulse and the
observation pulse based on the MI value and the TI value.
This processing is the same as that in the case of FIG. 4A, and
therefore, explanation thereof is omitted.

[0094] Subsequently, the transmission control unit 173
causes the transmitting unit 110 to transmit the push pulse and
the observation pulse using the calculated application volt-
ages of the push pulse and the observation pulse. For example,
to image the ROI 30 once, the transmission control unit 173
first controls to transmit the push pulse at a transmission
position 404, and observes a shear wave that propagates in the
direction indicated by an arrow 504 in the divided ROI 304.
Next, the transmission control unit 173 controls to transmit
the push pulse at a transmission position 40e, and observes a
shear wave that propagates in the direction indicated by an
arrow 50e in the divided ROI 30e. Subsequently, the trans-
mission control unit 173 controls to transmit the push pulse at
the transmission position 40f, and observes a shear wave that
propagates in the direction indicated by an arrow 50f'in the
divided ROT 30/ Subsequently, the transmission control unit
173 controls to transmit the push pulse at the transmission
position 40g, and observes a shear wave that propagates in the
direction indicated by an arrow 50g in the divided ROI 30g.
Subsequently, the transmission control unit 173 controls to
transmit the push pulse at the transmission position 40%, and
observes a shear wave that propagates in the direction indi-
cated by an arrow 50/ in the divided ROI 304. The transmis-
sion control unit 173 then controls to transmit the push pulse
at a transmission position 40/, and observes a shear wave that
propagates in the direction indicated by an arrow 50i in the
divided ROI 304. The transmission control unit 173 then
controls to transmit the push pulse at a transmission position
407, and observes a shear wave that propagates in the direction
indicated by an arrow 505 in the divided ROI 30e. The trans-
mission control unit 173 then controls to transmit the push
pulse at a transmission position 40%, and observes a shear
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wave that propagates in the direction indicated by an arrow
50k in the divided ROI 30f. The transmission control unit 173
then controls to transmit the push pulse at a transmission
position 40/, and observes a shear wave that propagates in the
direction indicated by an arrow 50/ in the divided ROI 30g.
The transmission control unit 173 then controls to transmit
the push pulse at a transmission position 40m, and observes a
shear wave that propagates in the direction indicated by an
arrow 50m in the divided ROI 30/. Thus, shear waves that
propagate in both directions are observed in each of the
divided ROIs 30d, 30e, 307, 30g, and 304, and the stiffness
image data of the ROI 30 is generated based on changes of a
displacement over time at each observed sample.

[0095] As described, the transmission control unit 173 per-
forms control to cause the transmitting unit 110 to transmit
the push pulse and the observation pulse based on a transmis-
sion condition. Thus, stiffhess image data is finally generated.
[0096] FIG.5isa flowchart of a processing procedure of the
ultrasonography apparatus 10 according to the first embodi-
ment. The processing procedure exemplified in FIG. 5 corre-
sponds to a processing procedure after switched to the elas-
tomode by an operator.

[0097] As shown in FIG. 5, in the ultrasonography appara-
tus 10 according to the first embodiment, when switched to
the elastomode, the accepting unit 171 accepts an instruction
to set the ROI 30, and sets the ROI 30 according to the
accepted instruction (step S101).

[0098] Subsequently, the accepting unit 171 accepts an
instruction to set a scan mode (step S102). For example, the
accepting unit 171 accepts either one of instructions to set to
the “successive scan mode (high speed)”, the “successive
scan mode (medium speed)”, the “successive scan mode (low
speed)”, or the “one shot mode” from an operator. The accept-
ing unit 171 then outputs the accepted instruction to set a scan
mode to the determining unit 172.

[0099] When the accepting unit 171 accepts a scan start
instruction to start scanning (imaging) (step S103: YES), the
determining unit 172 determines a transmission condition
according to the scan mode accepted by the accepting umt
171 (step S104). For example, the determining unit 172
accepts, from the accepting unit 171, the instruction to set a
scan mode input by an operator. The determining unit 172
then refers to the transmission-condition storage unit 161, and
determines a transmission condition according to the
accepted instruction. The determining unit 172 then outputs
the determined transmission condition to the transmission
control unit 173. Note that the determining unit 172 waits in
standby until a scan start instruction is accepted by the accept-
ing unit 171 (step S103: NO).

[0100] Subsequently. the transmission control unit 173 cal-
culates application voltages of the push pulse and the obser-
vation pulse (step S105). The transmission control unit 173
then performs stiffness-image-data generation processing
based on the calculated application voltages of the push pulse
and the observation pulse, and on the transmission condition
(step S106).

[0101] The stiffness-image-data generation processing at
step S106 in FIG. 5 is explained herein using FIG. 6. FIG. 6 is
a flowchart of a processing procedure of the stiffness-image-
data generation processing.

[0102] As shown in FIG. 6, the transmission control unit
173 sets “n=1" (step S201). This “n” indicates a number of a
push-pulse transmission position that is set to observe a dis-
placement at each sample point by transmitting the push pulse
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at all of the push-pulse transmission positions. That is, the
transmission control unit 173 keeps incrementing “n” by 1
each until the number of the push-pulse transmission position
reaches “N”, thereby transmitting the push pulse at all of the
push-pulse transmission positions to observe a displacement
at each sample point.

[0103] Subsequently, by control by the transmission con-
trol unit 173, the transmitting unit 110 transmits the push
pulse from the ultrasound probe 101 at the n-th push-pulse
transmission position (step S202). Then, by control by the
transmitting unit 110 and the receiving unit 120, the ultra-
sound probe 101 performs transmission and reception of the
observation pulse in a divided ROI corresponding to the push
pulse (step S203). Subsequently, the image generating unit
140 calculates a displacement at each sample point in the
divided ROI (step S204).

[0104] For example, in the example shown in FIG. 4A, the
transmitting unit 110 transmits push pulses in the sequence of
the transmission positions 40a, 405, and 40c. Every time a
push pulse is transmitted at the respective transmission posi-
tions 40a, 405, and 40c, the ultrasound probe 101 performs
transmission and reception of the observation pulse at the
respective divided ROIs 30a, 300, and 30c, and the image
generating unit 140 calculates displacements. Moreover, in
the example shown in FIG. 4B, the transmitting unit 110
transmits push pulses in the sequence of the transmission
positions 404, 40¢, 407, 40g, 4012, 40i, 407, 40k, 401, and 40m.
Every time a push pulse is transmitted at the respective trans-
mission positions 40d, 40e, 40f, 40g, 407, 40i, 40/, 40%, 401,
and 40m, the ultrasound probe 101 performs transmission and
reception of the observation pulse in the respective divided
ROIs 304, 30e, 30/, 30g, and 30/, and the image generating
unit 140 calculates displacements. When the number of scan
lines in the observed divided ROI 30 is more than the number
of simultaneous reception lines of the ultrasonography appa-
ratus 10, transmission of the push pulse is repeated at the n-th
transmission position until displacements are calculated for
all of the scan lines. Specifically, when the number of scan
lines in the divided ROI 30 is “10 lines” and the number of
simultaneous reception lines is “4 lines”, the transmission
control unit 173 controls to repeat the processing from step
S202 to step S204 for three times.

[0105] The transmission control unit 173 then determines
whether “n=N" (step S205). When “n=N" is not satisfied
(step S205: NO), the transmission control unit 173 incre-
ments “n” by 1 (step S206), and shifts to the processing at step
S202.

[0106] On the other hand, when “n=N" (step S205: YES),
the transmission control unit 173 generates stiffness-image
data based on changes of displacements over time at all
sample points (step S207).

[0107] Returning back to explanation of FIG. 5, by control
by the transmission control unit 173, the monitor 103 displays
the stiffness image data of the ROI 30 (step S107).

[0108] When the specified scan mode is a successive scan
mode (step S108: YES), the transmission control unit 173
shifts to step S106 and repeats generating stiffness image data
until a scan end instruction is accepted (step S109: NO).
[0109] On the other hand, when the scan end instruction is
accepted (step $109: YES), the transmission control unit 173
ends generation of stiffness image data.

[0110] Moreover, when it is not in successive scan mode
(step S108: NO), that is, when it is in the one shot mode, the
transmission control unit 173 ends generation of stiffness
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image data. At this time, the transmission control unit 173
controls to be in a freeze state (state in which processing to
start scanning is not accepted) during a pause period from the
end of scanning.

[0111] Note that the processing procedure described above
is just one example. For example, as described above, the
accepting unit 171 may perform the processing to accept an
instruction to set a scan mode (step S102) and the processing
to accept a scan start instruction (step S103) separately, or
may perform these processing as one processing. For
example, the accepting unit 171 can accept an instruction to
set a scan mode and a scan start instruction as one instruction,
by accepting an instruction to start scan in the one shot mode,
or by accepting an instruction to start scan in a successive scan
mode as a single scan start instruction.

[0112] Furthermore, for example, in the ultrasonography
apparatus 10, the processing to accept an instruction to set a
scan mode (step S102) may be performed prior to the pro-
cessing to set the ROI 30 (step S101).

[0113] As described above, in the ultrasonography appara-
tus 10 according to the first embodiment, the accepting unit
171 accepts an instruction to set the frequency of acquiring
images corresponding to a scan region in a predetermined
period. The determining unit 172 determines a transmission
condition according to the instruction accepted by the accept-
ing unit 171. The transmission control unit 173 performs
control to cause the transmitting unit 110 to transmit the push
pulse and the observation pulse based on the determined
transmission condition.

[0114] For example, in the ultrasonography apparatus 10,
the transmission-condition storage unit 161 stores optimal
transmission conditions according to a scan mode or to a
frame rate. Therefore, accepting an instruction to set a scan
mode, or an instruction to set a frame rate from an operator,
the ultrasonography apparatus 10 can determine an optimal
transmission condition according to the accepted instruction.
By this arrangement, the ultrasonography apparatus 10
according to the first embodiment enables to acquire a high
quality stiffness image by a simple operation.

[0115] Although a case in which the accepting unit 171
accepts either one out of the “successive scan mode (high
speed)”, the “successive scan mode (medium speed)”, the
“successive scan mode (low speed)”, and the “one shot mode”
from an operator through the input device 102 has been
explained in the present embodiment, the number of scan
itself when scan of an entire scan region is counted as one time
may be regarded as an instruction to set the scanning fre-
quency. In other words, the accepting unit 171 may accept an
instruction to set only the frequency of acquiring images
corresponding to a scan region regardless of a period.
[0116] Modification of the First Embodiment

[0117] Furthermore, in addition to the transmission condi-
tion described above, the ultrasonography apparatus 10
according to the first embodiment may determine the number
of push-pulse focuses.

[0118] FIG. 7 shows one example of data stored in the
transmission-condition storage unit according to a modifica-
tion of the first embodiment. As shown in FIG. 7, the trans-
mission-condition storage unit 161 stores the number of
push-pulse focuses as a transmission condition. This number
of push-pulse focuses indicates the number of focuses of the
push pulse that is transmitted to a scan region.

[0119] FIG. 8 shows one example of a transmission condi-
tion according to the modification of the first embodiment. In
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FIG. 8, a case in which the one shot mode is specified in the
transmission-condition storage unit 161 is explained. In this
case, for example, the determining unit 172 acquires the
number of push-pulse focuses “2”, the push-pulse transmis-
sion interval “0.6 cm”, and the observation-pulse transmis-
sion interval “0.5 mm” that are associated with the “one shot
mode”.

[0120] In this case, for example, as shown in FIG. 8, to
perform imaging of the ROI 30 one time, the transmission
control unit 173 controls to transmit the push pulse that is
focused on a divided ROI 31a at the transmission position
40d, and observes a shear wave that propagates in the direc-
tion indicated by an arrow 51a in the divided ROI 314. The
transmission control unit 173 controls to transmit the push
pulse that is focused on a divided ROI 324 at the transmission
position 404, and observes a shear wave that propagates in the
direction indicated by an arrow 52a in the divided ROI 32aq.
The transmission control unit 173 controls to transmit the
push pulse that is focused on a divided ROI 315 at the trans-
mission position 40e, and observes a shear wave that propa-
gates in the direction indicated by an arrow 515 in the divided
ROI 315. The transmission control unit 173 controls to trans-
mit the push pulse that is focused on a divided ROI 325 at the
transmission position 40e, and observes a shear wave that
propagates in the direction indicated by an arrow 524 in the
divided ROI 32b. The transmission control unit 173 controls
to transmit the push pulse that is focused on a divided ROI 31¢
at the transmission position 40, and observes a shear wave
that propagates in the direction indicated by an arrow 51c¢ in
the divided ROI 31c¢. The transmission control unit 173 con-
trols to transmit the push pulse that is focused on a divided
ROI32¢at the transmission position 40, and observes a shear
wave that propagates in the direction indicated by an arrow
52c¢inthe divided ROI 32¢. The transmission control unit 173
controls to transmit the push pulse that is focused on a divided
ROI 314 at the transmission position 40g, and observes a
shear wave that propagates in the direction indicated by an
arrow 51d in the divided ROI 31d. The transmission control
unit 173 controls to transmit the push pulse that is focused on
a divided ROT 324 at the transmission position 40g, and
observes a shear wave that propagates in the direction indi-
cated by an arrow 524 in the divided ROI 324. The transmis-
sion control unit 173 controls to transmit the push pulse that
is focused on a divided ROI 31e at the transmission position
405, and observes a shear wave that propagates in the direc-
tion indicated by an arrow 51e in the divided ROI 31e. The
transmission control unit 173 controls to transmit the push
pulse that is focused on a divided ROT 32e at the transmission
position 40/, and observes a shear wave that propagates in the
direction indicated by an arrow 52e in the divided ROT 32e.

[0121] As described, the ultrasonography apparatus 10 can
generate stiffness image data of the ROI 30 based on a change
of a displacement over time at each observed sample time by
transmitting push pulses the focuses of which are different
from each other to the respective divided ROIs.

Second Embodiment

[0122] Although acasein which atransmission condition is
determined according to an instruction to set a scan mode or
a frame rate has been explained, it is not limited thereto. For
example, the ultrasonography apparatus 10 may set a trans-
mission condition according to movement of the ultrasound
probe 101.
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[0123] FIG. 9 is a block diagram showing a configuration
example of the ultrasonography apparatus 10 according to a
second embodiment. The ultrasonography apparatus 10
according to the second embodiment has a configuration
similar to the ultrasonography apparatus 10 exemplified in
FIG. 1, but differs in a point in which a sensor 104 and a
transmitter 105 are further included, and a point in which the
internal storage unit 160 stores a frame-rate storage unit 162.
Therefore, in the second embodiment, the points different
from the first embodiments are mainly explained, and as for
functions similar to the components explained in the first
embodiment, the same reference numerals are given thereto,
and explanation thereof is omitted.

[0124] The sensor 104 and the transmitter 105 are devices
to acquire position information of the ultrasound probe 101.
For example, the sensor 104 is a magnetic sensor that is
attached to the ultrasound probe 101. Furthermore, for
example, the transmitter 105 is a device that is arranged at an
arbitrary position, and forms a magnetic field outward from
the device itselfas a center. The sensor 104 and the transmitter
105 are one example of a detecting unit.

[0125] The sensor 104 detects a three-dimensional mag-
netic field that is formed by the transmitter 105. The sensor
104 then calculates a position of the device itselfina space the
originofwhich is the transmitter 105, based on information of
the detected magnetic field. The sensor 104 calculates the
acceleration of the ultrasound probe 101 based on the calcu-
lated position and time, as movement of the ultrasound probe
101. The sensor 104 then outputs the calculated acceleration
of the ultrasound probe 101 to the accepting unit 171.

[0126] The frame-rate storage unit 162 stores a frame rate
according to movement of the ultrasound probe 101. Data
stored in the frame-rate storage unit 162 may be registered by
an operator in advance, or may be preset.

[0127] FIG. 10 shows one example of data stored in the
frame-rate storage unit 162 according to the second embodi-
ment. As shown in FIG. 10, the frame-rate storage unit 162
stores data in which “movement of ultrasound probe” and
“frame rate” are associated with each other. The “movement
of ultrasound probe” indicates a speed of movement of the
ultrasound probe 101 that is operated by an operator. More-
over, the “frame rate” indicates a frame rate that is determined
according to movement of the ultrasound probe 101.

[0128] Theaccepting unit 171 accepts the movement of the
ultrasound probe 101 detected by the sensor 104. For
example, the accepting unit 171 accepts acceleration of the
ultrasound probe 101 that is calculated by the sensor 104. The
accepting unit 171 outputs the accepted acceleration of the
ultrasound probe 101 to the determining unit 172.

[0129] The determining unit 172 determines a transmission
condition according to movement of the ultrasound probe
101. For example, when accepting the acceleration of the
ultrasound probe 101 from the accepting unit 171, the deter-
mining unit 172 compares the accepted acceleration with a
predetermined threshold, to determine which one out of
“fast”, “intermediate”, and “slow” the movement of the ultra-
sound probe 101 corresponds to.

[0130] The determining unit 172 then refers to the frame-
rate storage unit 162, and acquires a frame rate according to
the movement of the ultrasound probe 101. For example, the
determining unit 172 acquires a frame rate “1.5 fps” when the
movement of the ultrasound probe 101 is determined as
“fast”.
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[0131] Subsequently, the determining unit 172 refers to the
transmission-condition storage unit 161, and determines a
transmission condition according to the frame rate acquired
from the frame-rate storage unit 162. In this case, in the
transmission-condition storage unit 161, transmission condi-
tions according to frame rates are stored. For example, in the
transmission-condition storage unit 161, data in which the
frame rate 1.5 fps”, the push-pulse transmission mode “one
side”, the push-pulse transmission interval “1.5 cm”, and the
observation-pulse transmission interval “1.5 mm” are associ-
ated with each other. When acquiring the frame rate “1.5 fps”
from the frame-rate storage unit 162, the determining unit 172
acquires the push-pulse transmission mode “one side”, the
push-pulse transmission interval “1.5 cm”, and the observa-
tion-pulse transmission interval “1.5 mm” that are associated
with the frame rate “1.5 fps”. The determining unit 172 then
determines the acquired respective items as the transmission
condition.

[0132] FIG. 11 is a flowchart of a processing procedure of
the ultrasonography apparatus 10 according to the second
embodiment. The processing procedure exemplified in FIG.
11 corresponds to the processing procedure after switched to
the elastomode by an operator.

[0133] As shown in FIG. 11, in the ultrasonography appa-
ratus 10 according to the second embodiment, when switched
to the elastomode, the sensor 104 and the transmitter 105 start
detection of movement of the ultrasound probe 101 (step
S301). Thus, the accepting unit 171 accepts movement of the
ultrasound probe 101.

[0134] Theacceptingunit171 then accepts aninstruction to
set the ROI 30, and sets the ROI 30 according to the accepted
instruction (step S302). Subsequently, the accepting unit 171
accepts an instruction to set a scan mode (step S303).
[0135] When the accepting unit 171 accepts a scan start
instruction to start scanning (step S303: YES), the determin-
ing unit 172 determines a transmission condition according to
the movement of the ultrasound probe 101 accepted by the
accepting unit 171 (step S304). Note that the determining unit
172 waits in standby until the accepting unit 171 accepts a
scan start instruction (step S303: NO).

[0136] Subsequently, the transmission control unit 173 cal-
culates application voltages of the push pulse and the obser-
vation pulse (step S305). The transmission control unit 173
then performs stiffness-image-data generation processing
based on the calculated application voltages of the push pulse
and the observation pulse, and on the transmission condition
(step S306). Explanation of this stiffness-image-data genera-
tion processing is the same as the explanation in FIG. 6, and
therefore, is omitted.

[0137] By control by the transmission control unit 173, the
monitor 103 displays stiffness image data of the ROI 30 (step
S307). The transmission control unit 173 then shifts to step
S304, and repeats generating stiffness image data until a scan
end instruction is accepted (step S308: NO).

[0138] On the other hand, when a scan end instruction is
accepted (step S308: YES), the transmission control unit 173
ends generation of stiffness image data.

[0139] As described, the ultrasonography apparatus 10
according to the second embodiment sets a transmission con-
dition according to movement of the ultrasound probe 101.
By this arrangement, for example, the ultrasonography appa-
ratus 10 can increase a frame rate when the ultrasound probe
101 is frequently moving, and can decrease a frame rate when
the ultrasound probe 101 is not moving.
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Third Embodiment

[0140] Moreover, for example, the ultrasonography appa-
ratus 10 may set a transmission condition according to the
sensitivity of a region to be a subject of scanning.

[0141] FIG. 12 is a block diagram showing a configuration
example of the ultrasonography apparatus 10 according to a
third embodiment. The ultrasonography apparatus 10 accord-
ing to the third embodiment has a configuration similar to the
ultrasonography apparatus 10 exemplified in FIG. 1, but dif-
fers in a point in which the control unit 170 includes a mea-
suring unit 174, and a point in which the internal storage unit
160 stores the frame-rate storage unit 162. Therefore, in the
third embodiment, the points different from the first embodi-
ments are mainly explained, and as for functions similar to the
components explained in the first embodiment, the same ref-
erence numerals are given thereto, and explanation thereof is
omitted.

[0142] The frame-rate storage unit 162 according to the
third embodiment stores a frame rate according to the sensi-
tivity of a region to be a subject of scanning, Data stored in the
frame-rate storage unit 162 may be registered by an operator
in advance, or may be preset.

[0143] FIG. 13 shows one example of data stored in the
frame-rate storage unit 162 according to the third embodi-
ment. As shown in FIG. 13, the frame-rate storage unit 162
stores data in which a “B-mode S/N ratio” and a “frame rate”
are associated with each other. The “B-mode S/N ratio” cor-
responds to a difference between a reception signal intensity
at the time of transmission of an ultrasonic wave for B-mode
image generation, and a reception signal intensity at the time
when an ultrasonic wave for B-mode image generation.
[0144] The measuring unit 174 measures the sensitivity of
a region to be a subject of scanning. For example, the mea-
suring unit 174 measures a reflection intensity of a B-mode
reception signal.

[0145] As one example, the measuring unit 174 measures
an S/N ratio in B-mode. Specifically, the measuring unit 174
collects reception signals that are received at the ultrasound
probe 101 in a state in which transmission of an ultrasonic
wave for B-mode image generation is stopped. The measur-
ing unit 174 then restart transmission of an ultrasonic wave
for B-mode image generation, and measures a difference
between the collected reception signal and a reception signal
to the ultrasonic wave for B-mode image generation. Subse-
quently, the measuring unit 174 outputs a measurement result
measured to the accepting unit 171.

[0146] Theaccepting unit 171 accepts a reflection intensity
of a B-mode reception signal. For example, the accepting unit
171 accepts a measurement result that is measured by the
measuring unit 174. The accepting unit 171 outputs the
accepted measurement result to the determining unit 172.
[0147] Thedetermining unit172 determines a transmission
condition according to the reflection intensity. For example,
accepting a measurement result from the accepting unit 171,
the determining unit 172 compares the accepted measure-
ment result with a predetermined threshold, to determined
which one out of “high”, “intermediate”, and “low” the S/N
ratio in B-mode corresponds to.

[0148] The determining unit 172 then refers to the frame-
rate storage unit 162, and acquires a frame rate according to
the S/N ratio in B-mode. For example, when determining that
the S/N ratio in B-mode is “high”, the determining unit 172
acquires the frame rate “1.5 fps”.
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[0149] Subsequently, the determining unit 172 refers to the
transmission-condition storage unit 161, and determines a
transmission condition according to the frame rate acquired
from the frame-rate storage unit 162. In this case, in the
transmission-condition storage unit 161, transmission condi-
tions according to frame rates are stored. For example, in the
transmission-condition storage unit 161, data in which the
frame rate 1.5 fps”, the push-pulse transmission mode “one
side”, the push-pulse transmission interval “1.5 cm”, and the
observation-pulse transmission interval “1.5 mm” are associ-
ated with each other is stored. When acquiring the frame rate
“1.5 fps” from the frame-rate storage unit 162, the determin-
ing unit 172 acquires the push-pulse transmission mode “one
side”, the push-pulse transmission interval “1.5 cm”, and the
observation-pulse transmission interval “1.5 mm” that are
associated with the framerate “1.5 fps”. The determining unit
172 then determines the respective acquired items as a trans-
mission condition.

[0150] FIG. 14 is a flowchart of a processing procedure of
the ultrasonography apparatus 10 according to the third
embodiment. The processing procedure exemplified in FIG.
14 corresponds to a processing procedure after switched to
the elastomode by an operator.

[0151] As shown in FIG. 14, in the ultrasonography appa-
ratus 10 according to the third embodiment, when switched to
the elastomode, the accepting unit 171 accepts an instruction
to set the ROI 30, and sets the ROI 30 according to the
accepted instruction (step S401).

[0152] When the accepting unit 171 accepts a scan start
instruction (step S402: YES), the measuring unit 174 mea-
sures an S/N ratio in B-mode (step S403). Note that the
measuring unit 174 waits in standby until the accepting unit
171 accepts a scan start instruction (step S402: NO).

[0153] Subsequently, the determining unit 172 determines
a transmission condition according to a measurement result
(step S404). The transmission control unit 173 calculates
application voltages of the push pulse and the observation
pulse (step S405). The transmission control unit 173 then
performs stiffness-image-data generation processing based
on the calculated application voltages of the push pulse and
the observation pulse, and on the transmission condition (step
S406). Explanation of this stiffness-image-data generation
processing is the same as the explanation in FIG. 6, and
therefore, is omitted.

[0154] By control by the transmission control unit 173, the
monitor 103 displays stiffness image data of the ROI 30 (step
S407). The transmission control unit 173 then shifts to step
S406, and repeats generating stiffness image data until a scan
end instruction is accepted (step S408: NO).

[0155] On the other hand, when a scan end instruction is
accepted (step S408: YES), the transmission control unit 173
ends generation of stiffness image data.

[0156] As described, the ultrasonography apparatus 10
according to the third embodiment sets a transmission con-
dition according to the sensitivity of a region to be a subject of
scanning. By this arrangement, for example, the ultrasonog-
raphy apparatus 10 can lower a frame rate when the S/N ratio
in B-mode is low, giving a priority to the image quality, and
can increase a frame rate when the S/N ratio in B-mode is

high.
[0157] Modification of Third Embodiment
[0158] Inthe third embodiment, notlimited to the S/N ratio

in B-mode, a displacement amount by the push pulse may be
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measured, and a transmission condition may be determined
based on the measured displacement amount, for example.
[0159] FIG. 15 shows one example of data stored in the
frame-rate storage unit 162 according to a modification of the
third embodiment. As shown in FIG. 15, the frame-rate stor-
age unit 162 stores data in which a “displacement amount”
and a “frame rate” are associated with each other. The “dis-
placement amount” indicates an amount of displacement
caused by the push pulse transmitted to the center of the ROI
30.

[0160] The measuring unit 174 according to the modifica-
tion of the third embodiment measures, for example, a dis-
placement amount caused by the push pulse.

[0161] As one example, the measuring unit 174 transmits
the push pulse to the center of the ROT 30, and observes a
displacement caused by the push pulse at the transmitted
position. The measuring unit 174 then outputs the observed
displacement amount to the accepting unit 171.

[0162] The accepting unit 171 accepts the displacement
amount caused by the push pulse. For example, the accepting
unit 171 accepts the displacement amount measured by the
measuring unit 174. The accepting unit 171 then outputs the
accepted displacement amount to the determining unit 172.
[0163] Thedetermining unit172 determines a transmission
condition according to the displacement amount caused by
the push pulse. For example, when accepting the displace-
ment amount caused by the push pulse from the accepting unit
171, the determining unit 172 refers to the frame-rate storage
unit 162, and acquires a frame rate corresponding to the
accepted displacement amount. Subsequently, the determin-
ing unit 172 refers to the transmission-condition storage umt
161, and determines a transmission condition according to the
frame rate acquired from the frame-rate storage unit 162.
[0164] FIG. 16 is a flowchart of a processing procedure of
the ultrasonography apparatus 10 according to the modifica-
tion of the third embodiment. The processing procedure
exemplified in FIG. 16 corresponds to a processing procedure
after switched to the elastomode by an operator.

[0165] As shown in FIG. 16, in the ultrasonography appa-
ratus 10 according to the third embodiment, when switched to
the elastomode, the accepting unit 171 accepts an instruction
to set the ROI 30, and sets the ROI 30 according to the
accepted instruction (step S501).

[0166] When the accepting unit 171 accepts a scan start
instruction (step S502: YES), the measuring unit 174 mea-
sures a displacement amount caused by the push pulse (step
S503). Note that the measuring unit 174 waits in standby until
a scan start instruction is accepted by the accepting unit 171
(step S502: NO).

[0167] Subsequently. the determining unit 172 determines
a transmission condition according to a measurement result
(step S504). The transmission control unit 173 calculates
application voltages of the push pulse and the observation
pulse (step S505). The transmission control unit 173 then
performs stiffness-image-data generation processing based
on the calculated application voltages of the push pulse and
the observation pulse, and on the transmission condition (step
S506). Explanation of this stiffness-image-data generation
processing is the same as the explanation in FIG. 6, and
therefore, is omitted.

[0168] By control by the transmission control unit 173, the
monitor 103 displays stiffness image data of the ROI 30 (step
S507). The transmission control unit 173 then shifts to step
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S506, and repeats generating stiffness image data until a scan
end instruction is accepted (step S508: NO).

[0169] On the other hand, when a scan end instruction is
accepted (step S508: YES), the transmission control unit 173
ends generation of stiffness image data.

[0170] As described, the ultrasonography apparatus 10
according to the third embodiment sets a transmission con-
dition according to the sensitivity of a region to be a subject of
scanning. By this arrangement, for example, the ultrasonog-
raphy apparatus 10 can lower a frame rate when a displace-
ment is not likely to be caused by the push pulse, giving a
priority to the image quality, and can increase a frame rate
when a displacement is caused sufficiently.

Another Embodiment

[0171] The respective components in the respective appa-
ratuses shown in the explanation of the first to the second
embodiments are of functional concept, and it is not neces-
sarily required to be physically configured as shown in the
drawings. Specifically, a specific form of distribution and
integration of the respective devices are not limited to the
ones shown in the drawings, and it canbe configured such that
all or a part thereof is functionally or physically distributed or
integrated in arbitrary units according to various kinds of load
and usage condition and the like. Furthermore, as for the
respective processing functions of the respective devices, all
or an arbitrary part thereof can be implemented by a central
processing unit (CPU) and a computer program that is ana-
lyzed and executed by the CPU, or can be implemented as
hardware by wired logic.

[0172] For example, the ultrasonography apparatus 10
shown in FIG. 1 may be configured as shown in FIG. 17. FIG.
17 is a block diagram showing a configuration example of an
ultrasonography apparatus according to another embodi-
ment.

[0173] As shown in FIG. 17, an ultrasonography apparatus
200 includes an ultrasound probe 201, input circuitry 202, a
display 203, and an apparatus main unit 210. The ultrasound
probe 201, the input circuitry 202, and the display 203 corre-
spond to the ultrasound probe 101, the input device 102, and
the monitor 103 shown in FIG. 1, respectively.

[0174] Theapparatus main unit 210 includes atransmission
circuitry 211, reception circuitry 212, memory circuitry 213,
and processing circuitry 214. The transmission circuitry 211
and the reception circuitry 212 correspond to the transmitting
unit 110 and the receiving unit 120 shown in FIG. 1, respec-
tively. The transmission circuitry 211 is an example of trans-
mission circuitry in the accompanying claims.

[0175] Moreover, the memory circuitry 213 corresponds to
the image memory 150 and the internal storage unit 160
shown in FIG. 1. That is, the memory circuitry 213 stores data
stored in the image memory 150 and the internal storage unit
160.

[0176] Furthermore, the processing circuitry 214 corre-
sponds to the signal processing unit 130, the image generating
unit 140, and the control unit 170 shown in FIG. 1. That is, the
processing circuitry 214 performs processing performed by
the signal processing unit 130, the image generating unit 140,
and the control unit 170. The processing circuitry 214 is an
example of processing circuitry in the accompanying claims.
[0177] The processing circuitry 214 performs an accepting
function 214A, a determining function 214B, and a transmis-
sion control function 214C. The accepting function 214A is a
function implemented by the accepting unit 171 illustrated in
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FIG. 1. The determining function 214B is a function imple-
mented by the determining unit 172 illustrated in FIG. 1. The
transmission control function 214C is a function imple-
mented by the transmission control unit 173 illustrated in
FIG. 1.

[0178] Forexample, each of the respective processing func-
tions performed by the accepting function 214A, the deter-
mining function 214B, and the transmission control function
214C, which are components of the processing circuitry 214
illustrated in F1G. 17, is stored in the memory circuitry 213 in
a form of a computer-executable program. The processing
circuitry 214 is a processor that loads programs from the
memory circuitry 213 and executes the programs so as to
implement the respective functions corresponding to the pro-
grams. In other words, the processing circuitry 214 that has
loaded the programs has the functions illustrated in the pro-
cessing circuitry 214 in FIG. 17. That is, the processing cir-
cuitry 214 loads a program corresponding to the accepting
function 214A from the memory circuitry 213 and executes
the program so as to perform the same processing as that of
the accepting unit 171. The processing circuitry 214 loads a
program corresponding to the determining function 214B
from the memory circuitry 213 and executes the program so
as to perform the same processing as that of the determining
unit 172. The processing circuitry 214 loads a program cor-
responding to the transmission control function 214C from
the memory circuitry 213 and executes the program so as to
perform the same processing as that of the transmission con-
trol unit 173.

[0179] Forexample, Steps S101 to S103 illustrated in FIG.
Sare steps that is implemented by the processing circuitry 214
loading the program corresponding to the accepting function
214A from the memory circuitry 213 and executing the pro-
gram. Step S104 illustrated in FIG. 5 is a step that is imple-
mented by the processing circuitry 214 loading the program
corresponding to the determining function 214B from the
memory circuitry 213 and executing the program. Step S108
illustrated in FIG. 5 is a step that is implemented by the
processing circuitry 214 loading the program corresponding
to the transmission control function 214C from the memory
circuitry 213 and executing the program.

[0180] In FIG. 17, the processing functions performed by
the accepting function 214A, the determining function 214B,
and the transmission control function 214C are described as
being implemented in the single processing circuit. The func-
tions, however, may be implemented by configuring a pro-
cessing circuit by combining a plurality of separate proces-
sors and causing each of the processors to execute a program.
[0181] The term “processor” used in the above description
means, for example, a central preprocess unit (CPU) and a
graphics processing unit (GPU), or a circuit such as an appli-
cation specific integrated circuit (ASIC), a programmable
logic device (for example, a simple programmable logic
device (SPLD)), a complex programmable logic device
(CPLD), and a field programmable gate array (FPGA). The
processor implements a function by loading and executing a
program stored in a storage circuit. Instead of being stored in
astorage circuit, the program may be built directly ina circuit
of the processor. In this case, the processor implements a
function by loading and executing the program built in the
circuit. The processors in the present embodiment are not
limited to a case in which each of the processors is configured
as a single circuit. A plurality of separate circuits may be
combined as one processor that implements the respective



US 2015/0297175 Al

functions. Furthermore, the components illustrated in FIG. 17
may be integrated into one processor that implements the
respective functions.
[0182] The respective circuitry exemplified in FIG. 17 may
be distributed or integrated as appropriate. For example, the
processing circuitry 214 may be configured with a circuitry
having a function of the signal processing unit 130, and a
circuitry having functions of the image generating unit 140
and the control unit 170, in a distributed manner.
[0183] Moreover, the respective processing in the ultra-
sonography apparatus explained in the first to the third
embodiments can be implemented by executing an ultrasonic
imaging program prepared in advance. The ultrasonic imag-
ing program can be distributed through a network such as the
Internet. Furthermore, the ultrasonic imaging program can be
stored in a computer-readable non-temporary recording
medium such as a hard disk, a flexible disk (FD), a compact-
disc read-only memory (CD-ROM), a magneto optical disk
(MO). and a digital versatile disc (DVD), and can be executed
by being read by a computer from the non-temporary record-
ing medium.
[0184] According to at least one of the embodiments
explained above, a stiffness image having high image quality
can be obtained by a simple operation.
[0185] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasonography apparatus comprising:
transmission circuitry configured to cause an ultrasound
probe to transmit a displacement-generation ultrasonic
wave to cause a displacement in a tissue of a living body
based on an acoustic radiation force, and cause the ultra-
sound probe to transmit an observation ultrasonic wave
to observe a displacement of a tissue of a living body in
a predetermined scan region, the displacement caused
based on the displacement-generation ultrasonic wave;
and
processing circuitry configured to
accept a setting instruction that corresponds to the prede-
termined scan region, and that is related to an acquisition
frequency of an image based on a reflected wave signal
that is acquired by the ultrasound probe by transmission
and reception of the observation ultrasonic wave,
determine a transmission condition for at least one of the
displacement-generation ultrasonic wave and the obser-
vation ultrasonic wave, according to the setting instruc-
tion, and
control the transmission circuitry based on the transmis-
sion condition.
2. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to accept selectively
a setting instruction to perform a single time of imaging
and a setting instruction to perform a plurality of times of
imaging, as the setting instruction.
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3. The ultrasonography apparatus according to claim 1,
wherein
the acquisition frequency is an acquisition frequency in a
predetermined period.
4. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, whether to transmit the
displacement-generation ultrasonic wave to one end of
the scan region, or to transmit the displacement-genera-
tion ultrasonic wave to both ends of the scan region.
5. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, whether to transmit the
displacement-generation ultrasonic wave to one end of
the scan region, or to transmit the displacement-genera-
tion ultrasonic wave to both ends of the scan region.
6. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, at least one of an interval in
an azimuth direction of the displacement-generation
ultrasonic wave that is transmitted to the scan region,
and number of transmission positions of the displace-
ment-generation ultrasonic wave.
7. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, at least one of an interval in
an azimuth direction of the displacement-generation
ultrasonic wave that is transmitted to the scan region,
and number of transmission positions of the displace-
ment-generation ultrasonic wave.
8. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, number of focuses of the
displacement-generation ultrasonic wave that is trans-
mitted to the scan region.
9. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is configured to determine, accord-
ing to the setting instruction, number of focuses of the
displacement-generation ultrasonic wave that is trans-
mitted to the scan region.
10. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is further configured to determine
an interval of the observation ultrasonic wave in an azi-
muth direction, according to the setting instruction.
11. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is further configured to determine
an interval of the observation ultrasonic wave in an azi-
muth direction, according to the setting instruction.
12. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to determine appli-
cation voltages of the displacement-generation ultra-
sonic wave and the observation ultrasonic wave, based
on the transmission condition.
13. The ultrasonography apparatus according to claim 2,
wherein
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the processing circuitry is configured to determine appli-
cation voltages of the displacement-generation ultra-
sonic wave and the observation ultrasonic wave, based
on the transmission condition.
14. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to detect movement
of the ultrasound probe, accepts detected movement of
the ultrasound probe as the setting instruction, and deter-
mines the transmission condition according to the move-
ment of the ultrasound probe.
15. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is configured to detect movement
of the ultrasound probe, accepts detected movement of
the ultrasound probe as the setting instruction, and deter-
mines the transmission condition according to the move-
ment of the ultrasound probe.
16. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to measure a reflec-
tion intensity ofa reception signal of B-mode, accept the
measured reflection intensity as the setting instruction,
and determine the transmission condition according to
the reflection intensity.
17. The ultrasonography apparatus according to claim 2,
wherein
the processing circuitry is configured to measure a reflec-
tion intensity ofa reception signal of B-mode, accept the
measured reflection intensity as the setting instruction,
and determine the transmission condition according to
the reflection intensity.
18. The ultrasonography apparatus according to claim 1,
wherein
the processing circuitry is configured to measure a dis-
placement caused by the displacement-generation ultra-
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sonic wave, accept the measured displacement as the
setting instruction, and determine the transmission con-
dition according to the displacement.

19. The ultrasonography apparatus according to claim 2,
wherein

the processing circuitry is configured to measure a dis-
placement caused by the displacement-generation ultra-
sonic wave, accept the measured displacement as the
setting instruction, and determine the transmission con-
dition according to the displacement.

20. A control method comprising:

causing an ultrasound probe to transmit a displacement-
generation ultrasonic wave to cause a displacement in a
tissue of a living body based on an acoustic radiation
force;

causing the ultrasound probe to transmit an observation
ultrasonic wave to observe a displacement of a tissue of
a living body in a predetermined scan region, the dis-
placement caused based on the displacement-generation
ultrasonic wave;

accepting a setting instruction that corresponds to the pre-
determined scan region, and that is related to an acqui-
sition frequency of an image based on a reflected wave
signal that is acquired by the ultrasound probe by trans-
mission and reception of the observation ultrasonic
wave;

determining a transmission condition for at least one of the
displacement-generation ultrasonic wave and the obset-
vation ultrasonic wave, according to the setting instruc-
tion; and

controlling transmission of the displacement-generation
ultrasonic wave and the observation ultrasonic wave
based on the transmission condition.
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