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(57) ABSTRACT

An ultrasonic diagnosis apparatus according to an embodi-
ment includes a transmission unit, a reception unit, a genera-
tor, and a display controller. The transmission unit causes an
ultrasonic probe to transmit a displacement-producing ultra-
sonic wave and causes the probe to transmit a displacement-
observing ultrasonic wave. The reception unit generates
reflected-wave data based on a reflected wave received by the
probe. The generator calculates displacement at each of a
plurality of positions in the scan area over a plurality of time
phases, based on the reflected-wave data, determines a time
phase when the calculated displacement is substantially
maximum, for each of the positions, and generates image data
representing positions where the determined time phases are
substantially the same as each other, among the positions. The
display controller superimposes an image based on the image
data on a medical image corresponding to an area including
the scan area.
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ULTRASONIC DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
258666, filed on Dec. 13, 2013, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus, an image processing appa-
ratus, and an image processing method.

BACKGROUND

[0003] Elastography is conventionally known, in which
stiffness of living tissue is measured and the distribution of
the measured stiffness is visualized. Elastography is utilized,
for example, for diagnosis of diseases such as liver cirrhosis
with which the stiffness of living tissue changes with the
progress of lesions. In elastography, the method of evaluating
stiffness by displacing living tissue is roughly classified into
either of the following two types.

[0004] The method of the first type visualizes relative stiff-
ness from the magnitude of strain at each point in a scanned
section observed when living tissue is pressed and released
from the body surface with an ultrasonic probe. The method
ofthe second type obtains an elastic modulus by obtaining the
propagation speed ofa shear wave by applying acoustic radia-
tion force or mechanical vibration to living tissue from the
body surface to produce displacement caused by a shear wave
and observing the displacement at each point in a scanned
section over time. In the former method, the local magnitude
of strain depends on the magnitude of manually moving the
ultrasonic probe and whether the region of interest is hard or
softrelatively to the surroundings is evaluated. By contrast, in
the latter method, the absolute elastic modulus of the region
of interest can be obtained.

[0005] The stiffness of living tissue may not be measured
accurately, for example, when displacement is caused by the
subject’s body movement or when the shear wave is reflected
or refracted in tissue. In such a case, the stiffness image
visualized by elastography is less reliable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1isablock diagram illustrating a configuration
example of an ultrasonic diagnosis apparatus according to a
first embodiment;

[0007] FIG. 2 is a diagram illustrating an example of stiff-
ness image data according to the first embodiment;

[0008] FIG. 3 is a diagram for explaining a process to be
performed by a linear image generator according to the first
embodiment;

[0009] FIG. 4 is a diagram for explaining the process to be
performed by the linear image generator according to the first
embodiment.

[0010] FIG. 5 is a diagram illustrating an example of a
display image displayed by a display controller according to
the first embodiment;
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[0011] FIG. 6 is a flowchart illustrating an example of the
process procedure to be performed in the ultrasonic diagnosis
apparatus according to the first embodiment;

[0012] FIG. 7isablock diagram illustrating a configuration
example of the ultrasonic diagnosis apparatus according to a
second embodiment;

[0013] FIG. 8 is a diagram for explaining a process to be
performed by a calculator according to the second embodi-
ment;

[0014] FIG. 9 is a diagram for explaining the process to be
performed by the calculator according to the second embodi-
ment;

[0015] FIG. 10 is a diagram for explaining a process to be
performed by the linear image generator according to the
second embodiment.

[0016] FIG. 11 is adiagram for explaining the process to be
performed by the linear image generator according to a third
embodiment;

[0017] FIG. 12 is a diagram illustrating an example of a
display image displayed by the display controller according
to the third embodiment;

[0018] FIG. 13 is a diagram for explaining a process to be
performed by the linear image generator according to a fourth
embodiment.

[0019] FIG. 14 is a diagram illustrating an example of a
display image displayed by the display controller according
to the fourth embodiment;

[0020] FIG. 15 is a diagram for explaining displacement
image data;
[0021] FIG. 16 is a diagram for explaining a process of

changing brightness;

[0022] FIG. 17 is a diagram for explaining a hiding process;
[0023] FIG. 18 is a diagram for explaining evaluation of a
variety of parameters;

[0024] FIG. 19 is a diagram for explaining display of the
transmission position of a push pulse and an observation
direction;

[0025] FIG. 20 is a diagram for explaining parallel display;
and
[0026] FIG. 21 is a diagram illustrating an example of a

display image appearing on a monitor during parallel display.

DETAILED DESCRIPTION

[0027] An ultrasonic diagnosis apparatus according to an
embodiment includes a transmission unit, a reception unit, an
image generator, and a display controller. The transmission
unit causes an ultrasonic probe to transmit a displacement-
producing ultrasonic wave for producing displacement in
living tissue based on acoustic radiation force and causes the
ultrasonic probe to transmit an observation ultrasonic wave
for observing displacement, in living tissue in a predeter-
mined scan area, that is produced based on the displacement-
producing ultrasonic wave. The reception unit generates
reflected-wave data based on a reflected wave received by the
ultrasonic probe. The image generator calculates displace-
ment at each of a plurality of positions in the scan area over a
plurality of time phases, based on the reflected-wave data,
determines a time phase when the calculated displacement is
substantially maximum, for each of the positions, and gener-
ates image data representing positions where the determined
time phases are substantially the same as each other, among
the positions. The display controller superimposes an image
based on the image data on a medical image corresponding to
an area including the scan area.
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[0028] An ultrasonic diagnosis apparatus, an image pro-
cessing apparatus, and an image processing method accord-
ing to embodiments are described below with reference to the
drawings.

First Embodiment

[0029] First, a configuration of the ultrasonic diagnosis
apparatus according to a first embodiment is described. FIG.
1 is a block diagram illustrating a configuration example of
the ultrasonic diagnosis apparatus according to the first
embodiment. As illustrated in FIG. 1, an ultrasonic diagnosis
apparatus 10 according to the first embodiment includes an
apparatus body 100, an ultrasonic probe 101, an input device
102, and a monitor 103.

[0030] The ultrasonic probe 101 includes a plurality of
transducer elements (for example, piezoelectric transducer
elements). The transducer elements produce an ultrasonic
wave based on a drive signal supplied from a transmission
unit 110 of the apparatus body 100 described later. The trans-
ducer elements of the ultrasonic probe 101 receive a reflected
wave from a subject P and convert the received reflected wave
into an electrical signal. The ultrasonic probe 101 addition-
ally includes a matching layer provided to the transducer
elements and a backing material for preventing propagation
of ultrasonic waves backward of the transducer elements.
[0031] When an ultrasonic wave is transmitted from the
ultrasonic probe 101 to the subject P, the transmitted ultra-
sonic wave is successively reflected on an acoustic impedance
discontinuous surface in living tissue of the subject P and
received as a reflected-wave signal by the transducer elements
of the ultrasonic probe 101. The amplitude of the received
reflected-wave signal depends on the difference of acoustic
impedance on the discontinuous surface on which the ultra-
sonic wave is reflected. In a case where the transmitted ultra-
sonic pulse is reflected at the moving blood flow or a surface
such as the heart wall, the reflected-wave signal undergoes a
frequency shift due to the Doppler effect, depending on the
velocity component of the moving body relative to the ultra-
sound transmission direction.

[0032] Itisnoted that the first embodiment is applicable to
the ultrasonic probe 101 illustrated in FIG. 1 of any type,
including a one-dimensional ultrasonic probe having piezo-
electric transducer elements arranged in a row, a one-dimen-
sional ultrasonic probe having piezoelectric transducer ele-
ments arranged in a row and mechanically swung, and a
two-dimensional ultrasonic probe having piezoelectric trans-
ducer elements two-dimensionally arranged in a grid pattern.
[0033] The input device 102 includes a mouse, a keyboard,
a button, a panel switch, a touch command screen, a foot-
switch, a trackball, and a joystick for accepting a variety of
setting requests from the operator of the ultrasonic diagnosis
apparatus 10 and transferring the accepted setting requests to
the apparatus body 100.

[0034] The monitor 103 displays a graphical user interface
(GUT) for the operator of the ultrasonic diagnosis apparatus
10 to input a variety of setting requests using the input device
102 and displays ultrasonic image data or other data gener-
ated in the apparatus body 100.

[0035] The apparatus body 100 is a device that generates
ultrasonic image data based on the reflected-wave signal
received by the ultrasonic probe 101 and includes the trans-
mission unit 110, a reception unit 120, a signal processor 130,
an image generator 140, an image menory 150, an internal
storage unit 160, and a controller 170, as illustrated in FIG. 1.
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[0036] The transmission unit 110 controls transmission
directivity in ultrasound transmission. Specifically, the trans-
mission unit 110 includes a rate pulse generator, a transmis-
sion delay unit, and a transmission pulser to supply a drive
signal to the ultrasonic probe 101. The rate pulser generator
repeatedly generates, at a predetermined rate frequency
(pulse repetition frequency (PRF)), rate pulses for forming
ultrasonic waves to be transmitted. With the rate pulses
passed through the transmission delay unit to have different
transmission delays, voltage is applied to the transmission
pulser. That is, the transmission delay unit provides necessary
transmission delays for the respective transducer elements to
individual rate pulses generated by the rate pulser, in order to
concentrate ultrasonic waves generated from the ultrasonic
probe 101 into a beam and fix the transmission directivity.
The transmission pulser applies a drive signal (drive pulse) to
the ultrasonic probe 101 at a timing based on such a rate pulse.
The transmission direction or the transmission delays is
stored in the internal storage unit 160 described later and the
transmission unit 110 refers to the internal storage unit 160 to
control the transmission directivity.

[0037] Thedrive pulse is transmitted from the transmission
pulser through a cable to the transducer element in the ultra-
sonic probe 101 and thereafter converted from an electrical
signal to mechanical vibration in the transducer elements.
The mechanical vibration is transmitted as an ultrasonic wave
in the inside of the living body. The ultrasonic waves having
transmission delays different among transducer elements
converge and propagate in a predetermined direction. The
transmission delay unit adjusts the transmission direction
from the transducer element surfaces as desired by changing
the transmission delays provided to individual rate pulses.
The transmission unit 110 provides transmission directivity
by controlling the number and positions (transmission aper-
ture) of transducer elements for use in transmission of ultra-
sonic beams and the transmission delays corresponding to the
positions of the respective transducer elements that constitute
the transmission aperture. For example, the transmission
delay circuit in the transmission unit 110 controls the position
of the convergence point (transmission focus) in the depth
direction of ultrasound transmission by providing transmis-
sion delays to individual rate pulses generated by the pulser
circuit.

[0038] The transmission unit 110 has a function capable of
instantaneously changing a transmission frequency, a trans-
mission drive voltage, and the like for executing a predeter-
mined scan sequence, based on an instruction from the con-
troller 170 described later. In particular, the transmission
drive voltage is changed by a linear-amplifier type oscillator
circuit capable of instantaneously changing its value or a
mechanism for electrically switching a plurality of power
supply units.

[0039] The reflected wave of the ultrasonic wave transmit-
ted by the ultrasonic probe 101 reaches the transducer ele-
ments in the ultrasonic probe 101 and is then converted from
mechanical vibration into an electrical signal (reflected-wave
signal) for input to the reception unit 120.

[0040] Thereceptionunit 120 controls reception directivity
in ultrasound reception. Specifically, the reception unit 120
includes a pre-amplifier, an analog/digital (A/D) converter, a
reception delay unit, and an adder, and performs a variety of
processing on the reflected-wave signal received by the ultra-
sonic probe 101 to generate reflected-wave data. The pre-
amplifier performs gain correction by amplifying the
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reflected-wave signal for each channel. The A/D converter
converts the reflected-wave signal having the gain corrected
from analog to digital. The reception delay unit provides a
reception delay necessary to determine reception directivity
for each channel. The adder generates reflected-wave data by
adding the reflected-wave signals (digital signals) having the
reception delays. The adding processing by the adder
enhances a reflection component from the direction corre-
sponding to the reception directivity of the reflected-wave
signal. The reception direction or the reception delay is stored
in the internal storage unit 160 described later and the recep-
tion unit 120 refers to the internal storage unit 160 to control
the reception directivity. It is noted that the reception unit 120
according to the first embodiment is capable of parallel simul-
taneous reception.

[0041] The signal processor 130 performs a variety of sig-
nal processing on the reflected-wave data generated by the
reception unit 120 from the reflected-wave signal. The signal
processor 130 generates data (B mode data) representing the
signal intensity for each sample point (observation point) by
brightness of luminance by performing logarithmic amplifi-
cation, envelope detection, or other processing on the
reflected-wave data received from the reception unit 120.
[0042] The signal processor 130 generates, from the
reflected-wave data received from the reception unit 120, data
(Doppler data) in which movement information of a moving
body based on the Doppler effect is extracted for each sample
point in a scan area. Specifically, the signal processor 130
generates Doppler data in which the average velocity, the
variance, the power value, or the like is extracted as the
movement information of the moving body for each sample
point. Here, the moving body is, for example, blood flow,
tissue of the heart wall or other parts, or a contrast medium.
[0043] Here, the ultrasonic diagnosis apparatus 10 accord-
ing to the first embodiment is a device capable of elastogra-
phy for measuring the stiffness of living tissue and imaging
the distribution of the measured stiffness. Specifically, the
ultrasonic diagnosis apparatus 10 according to the first
embodiment is a device capable of elastography by applying
acoustic radiation force to produce displacement in living
tissue.

[0044] That is, the transmission unit 110 according to the
first embodiment causes the ultrasonic probe 101 to transmit
a push pulse (displacement-producing burst wave) for pro-
ducing displacement caused by a shear wave generated by
acoustic radiation force. The transmission unit 110 according
to the first embodiment then causes the ultrasonic probe 101
to transmit an observation pulse for observing displacement
produced by the push pulse, multiple times for each of a
plurality of scan lines in the scan area. The observation pulse
is transmitted in order to observe the propagation speed of the
shear wave produced by the push pulse for each sample point
in the scan area. In general, the observation pulse is transmit-
ted multiple times (for example, a hundred times) for each
scan line in the scan area. The reception unit 120 generates
reflected-wave data from the reflected-wave signal of the
observation pulse transmitted for each scan line in the scan
area. It is noted that the push pulse is an example of the
displacement-producing ultrasonic wave. The observation
pulse is an example of the observation ultrasonic wave.
[0045] In other words, the transmission unit 110 causes an
ultrasonic probe to transmit a displacement-producing ultra-
sonic wave for producing displacement in living tissue based
on acoustic radiation force and causes the ultrasonic probe to
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transmit an observation ultrasonic wave for observing dis-
placement that is produced in living tissue in a predetermined
scan area based on the displacement-producing ultrasonic
wave. The reception unit 120 generates reflected-wave data
based on the reflected wave received by the ultrasonic probe.
[0046] The signal processor 130 calculates stiffness distri-
bution information indicating the distribution of stiffness in
the scan area by analyzing the reflected-wave data of the
observation pulses transmitted multiple times for each scan
line in the scan area. Specifically, the signal processor 130
generates stiffness distribution information of the scan area
by measuring the propagation speed of the shear wave pro-
duced by the push pulse at each sample point.

[0047] For example, the signal processor 130 analyzes the
frequency of the reflected-wave data of the observation pulse.
The signal processor 130 thus generates movement informa-
tion (tissue Doppler data) at each of a plurality of sample
points on each scan line over a plurality of time phases. The
signal processor 130 then performs time-integration of the
velocity components of the tissue Doppler data over a plural-
ity of time phases obtained for each of a plurality of sample
points on each scan line. The signal processor 130 thus cal-
culates displacement at each of a plurality of sample points on
each scan line over a plurality of time phases. The signal
processor 130 then obtains the time when displacement is
maximum at each sample point. The signal processor 130
then determines that the time when the maximum displace-
ment is reached at each sample point is the arrival time when
the shear wave reaches each sample point. Subsequently, the
signal processor 130 calculates the propagation speed of the
shear wave at each sample point by performing spatial differ-
entiation of the arrival time of the shear wave at each sample
point. The “propagation speed of the shear wave” is herein-
after referred to as “shear wave speed”. The arrival time used
may not be the time when displacement is maximum at each
sample point but may be, for example, the time when the
amount of change of displacement at each sample point is
maximum.

[0048] The signal processor 130 then generates stiffness
distribution information by color-coding the shear wave
speeds and mapping the color-coded shear wave speeds to the
corresponding sample points. While the shear wave speed is
high in hard tissue, the shear wave speed is low in soft tissue.
That is, the value of the shear wave speed indicates the stiff-
ness (elastic modulus) of tissue. In the case described above,
the observation pulse is a transmission pulse for tissue Dop-
pler. The shear wave speed may not be based on the time
(arrival time) when displacement is maximum at each sample
point but may be, for example, calculated through detection
by the signal processor 130 by cross-correlation of displace-
ment of tissue on adjacent scan lines.

[0049] The signal processor 130 may calculate the Young’s
modulus or the shear modulus from the shear wave speed and
generate stiffness distribution information from the calcu-
lated Young’s modulus or shear modulus. Any one of the
shear wave speed, the Young’s modulus, and the shear modu-
lus can be used as a physical quantity (index value) represent-
ing the stiffness of living tissue. In the following description,
the signal processor 130 uses the Young’s modulus as a physi-
cal quantity representing the stiffness of living tissue.
[0050] Here, the shear wave produced by one-time trans-
mission of a push pulse attenuates while propagating. When
the shear wave speed is intended to be observed over a wide
area, the shear wave produced by a push pulse transmitted on
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one particular scan line attenuates while propagating and
finally becomes unable to be observed when it is sufficiently
away from the transmission position of the push pulse.
[0051] Insuchacase,itisnecessary to transmita pushpulse
at a plurality of positions in the orientation direction. Specifi-
cally, the scan area (or the region of interest) is divided into a
plurality of areas along the orientation direction. The trans-
mission unit 110 transmits a push pulse at different scan line
positions to produce a shear wave before the observation
pulse is transmitted and received in each divided area (here-
inafter denoted as a divided area). In doing so, the transmis-
sion position of a push pulse is typically set in the vicinity of
each divided area. When the number of signals that are simul-
taneously received in parallel is limited to a small number, the
transmission unit 110 successively executes a process of
transmitting the observation pulse multiple times on each
scan line in a divided area after transmitting the push pulse
once for each of the divided areas.

[0052] Theimage generator 140 generates ultrasonic image
data from the data generated by the signal processor 130. The
image generator 140 generates B mode image data represent-
ing the intensity of the reflected wave by brightness, from the
B mode data generated by the signal processor 130. The
image generator 140 also generates Doppler image data rep-
resenting moving-body information from the Doppler data
generated by the signal processor 130. The Doppler image
data is velocity image data, variance image data, power image
data, or image data formed of a combination thereof.

[0053] The image generator 140 also generates stiffness
image data representing the stiffness of living tissue by color,
from the stiffness distribution information generated by the
signal processor 130. For example, the image generator 140
generates, as stiffness image data, shear wave speed image
data in which a pixel value corresponding to the shear wave
speed at each point (each sample point) in the scan area is
assigned to the point.

[0054] FIG. 2 is a diagram illustrating an example of the
stiffness image data according to the first embodiment. As
illustrated in FIG. 2, the image generator 140 generates a
color-coded image of the stiffness of living tissue. FIG. 2
illustrates a case where the entire scan area is designated as a
target to be imaged by elastography, for convenience of expla-
nation. However, the embodiments are not limited to this
case. For example, when a region of interest (ROI) that is part
ofthe scan area is designated as a target to be imaged, stiffness
image data corresponding to the ROl is generated. In the first
embodiment, the ROI corresponds to a target area to be
imaged by elastography.

[0055] Here, theimage generator 140, in general, generates
display ultrasonic image data by scan-converting a scan line
signal sequence of ultrasonic scan into a scan line signal
sequence in a video format typically of televisions. Specifi-
cally, the image generator 140 generates display ultrasonic
image data by performing coordinate transformation in
accordance with the mode of ultrasonic scan with the ultra-
sonic probe 101. The image generator 140 also performs a
variety of image processing other than scan conversion, for
example, such as image processing (smoothing processing)
of reproducing a brightness mean value image using a plural-
ity of image frames after scan conversion and image process-
ing (edge enhancement) using a differential filter in an image.
The image generator 140 also combines supplemental infor-
mation (such as character information of various parameters,
scales, and body marks) with ultrasonic image data.
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[0056] That is, B mode data, Doppler data, and stiffness
distribution information are ultrasonic image data before the
scan conversion processing, and the data generated by the
image generator 140 is display ultrasonic image data after the
scan conversion processing. When the signal processor 130
generates three-dimensional data (three-dimensional B mode
data, three-dimensional Doppler data, and three-dimensional
stiffness distribution information), the image generator 140
generates volume data by performing coordinate transforma-
tion in accordance with the mode of ultrasonic scan with the
ultrasonic probe 101. The image generator 140 then generates
two-dimensional image data for display by performing a vari-
ety of rendering processing on the volume data.

[0057] The image memory 150 is a memory for storing
display image data generated by the image generator 140. The
image memory 150 may also store data generated by the
signal processor 130. The B mode data, the Doppler data, or
the stiffness distribution information stored in the image
memory 150 can be invoked by the operator, for example,
after diagnosis, and is turned into display ultrasonic image
data through the image generator 140.

[0058] The internal storage unit 160 stores a variety of data
such as control programs for ultrasound transmission and
reception, image processing and display processing, diagno-
sis information (for example, such as patient ID and doctor’s
opinion), diagnosis protocols, and a variety of body marks.
The internal storage unit 160 is also used for retaining image
data stored by the image memory 150, as necessary. The data
stored in the internal storage unit 160 can be transferred to an
external device through an interface (not illustrated).

[0059] Theinternal storage unit 160 also stores information
about the already captured shear wave speed image data. For
example, the internal storage unit 160 stores the arrival time
of the shear wave at each sample point, for the captured shear
wave speed image data.

[0060] The controller 170 controls the entire processing in
the ultrasonic diagnosis apparatus 10. Specifically, the con-
troller 170 controls the processes in the transmission unit 110,
the reception unit 120, the signal processor 130, and the
image generator 140, based on a variety of setting requests
input from the operator through the input device 102, and a
variety of control programs and a variety of data read from the
internal storage unit 160. The controller 170 performs control
such that the display ultrasonic image data stored in the image
memory 150 appears on the monitor 103.

[0061] The transmission unit 110, the reception unit 120,
the controller 170, and others contained in the apparatus body
100 may be configured with hardware of a processor (such as
a central processing unit (CPU), a micro-processing unit
(MPU), or an integrated circuit) or may be configured with
computer programs organized into modules in a software
product.

[0062] The stiffness of living tissue may not be accurately
measured, for example, when displacement is produced by
the subject’s body movement or when the shear wave is
reflected and refracted in tissue. In such a case, the stiffness
image visualized by elastography is less reliable.

[0063] The ultrasonic diagnosis apparatus 10 according to
the first embodiment can represent the reliability of the stiff-
ness image on the stiffness image. The configuration of the
ultrasonic diagnosis apparatus 10 for implementing this func-
tion is described below.
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[0064] In the ultrasonic diagnosis apparatus 10 according
to the first embodiment, the controller 170 includes a trans-
mission controller 171, a linear image generator 172, and a
display controller 173.

[0065] The transmission controller 171 controls transmis-
sion of a push pulse and transmission and reception of an
observation pulse by the transmission unit 110. For example,
the transmission controller 171 accepts an instruction to
determine an ROI from the operator. The transmission con-
troller 171 then sets, for example, the transmission position of
a push pulse, the number of transmission positions, the posi-
tion of the ROI, the range of the ROI, and the number of ROIs
for generating stiffness image data corresponding to the ROI,
based on the accepted instruction. The transmission unit 110
causes the ultrasonic probe 101 to transmit a push pulse under
the control of the transmission controller 171. The transmis-
sion unit 110 also causes the ultrasonic probe 101 to transmit
an observation pulse for observing displacement produced by
the transmitted push pulse, multiple times for each of a plu-
rality of scan lines in the scan area, under the control of the
transmission controller 171.

[0066] The linear image generator 172 generates linear
image data representing a line on which the arrival times
when the shear wave reaches individual points in the scan area
are substantially the same as each other. This linear image
data is information, for example, for displaying a contour line
that connects the positions where the arrival times are sub-
stantially the same as each other. For example, the linear
image generator 172 extracts a plurality of points having a
predetermined arrival time from the points (sample points) in
the scan area. The linear image generator 172 then generates
linear image data by connecting the extracted points. The
predetermined arrival time is a value designated beforehand
by the operator or the designer of the ultrasonic diagnosis
apparatus 10, and a plurality of values are usually designated.
The linear image generator 172 is an example of the arrival
time image generator or the image generator.

[0067] In other words, the linear image generator 172 cal-
culates displacement at each of a plurality of positions in the
scan area over a plurality of time phases, based on the
reflected-wave data, determines the time phase when the cal-
culated displacement is substantially maximum, for each of
the positions, and generates image data representing posi-
tions where the determined time phases are substantially the
same as each other, among the positions. Specifically, the
linear image generator 172 generates the image data corre-
sponding to a plurality of discrete time phases.

[0068] FIG. 3 and FIG. 4 are diagrams for explaining a
process performed by the linear image generator 172 accord-
ing to the first embodiment. FIG. 3 illustrates an example of
the arrival time image data in which a pixel value correspond-
ing to the arrival time at each point is assigned to the point in
the scan area. FIG. 4 illustrates a case where linear image data
20a, 205, 20c¢, 204 generated by the linear image generator
172 is displayed on the arrival time image data in FIG. 3. The
linear image data 20a represents positions where the arrival
time is 10 [msec], the linear image data 205 represents posi-
tions where the arrival time is 20 [msec], the linear image data
20c¢ represents positions where the arrival time is 30 [msec],
and the linear image data 20d represents positions where the
arrival time is 40 [msec]. The linear image data 20a, 205, 20c,
20d s collectively denoted as “linear image data 20” unless it
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is necessary to distinguish them from each other. The linear
image data 20 is an example of the arrival time position image
data.

[0069] First, the arrival time image data in FIG. 3 is
described. The arrival time image data is generated, for
example, by the image generator 140. Specifically, the image
generator 140 generates arrival time image data by assigning
apixel value corresponding to the arrival time at each point as
determined by the signal processor 130 to the point in the scan
area.

[0070] The linear image generator 172 then acquires the
arrival time image data generated by the image generator 140.
The linear image generator 172 then extracts a plurality of
points where the arrival time is 10 [msec] from the acquired
arrival time image data. The linear image generator 172 then
generates linear image data 20a by connecting the extracted
points. The linear image generator 172 generates linear image
data 205 by connecting the points of 20 [msec], generates
linear image data 20c by connecting the points of 30 [msec],
and generates linear image data 204 by connecting the points
of 40 [msec], in the same manner as in the linear image data
20a.

[0071] The linear image generator 172, for example,
assigns a different pixel value corresponding to the arrival
time to each piece of the linear image data 20. In the example
illustrated in F1G. 4, the linear image generator 172 assigns a
different pixel value corresponding to the arrival time to each
piece of the linear image data 20a, 205, 20c, 20d. As an
example, the linear image generator 172 assigns, to the
respective pieces of the linear image data 20a, 205, 20¢, 204,
different colors assigned corresponding to the arrival times at
the respective points in the arrival time image data in FIG. 3.
Specifically, the linear image generator 172 assigns blue to
the linear image data 20a, assigns green to the linear image
data 204, assigns yellow to the linear image data 20¢, and
assigns red to the linear image data 20d.

[0072] As described above, the linear image generator 172
generates the linear image data 20a, 206, 20c¢, and 204 rep-
resenting the positions where the arrival times are 10, 20, 30,
and 40 [msec], respectively.

[0073] It is noted that FIG. 4 is only an example. For
example, in the example in FIG. 4, the linear image data 20 is
generated at the positions where the arrival times are 10, 20,
30, and 40 [msec]. However, the embodiments are not limited
to this example. For example, the linear image generator 172
may generate linear image data 20 at the position of any
arrival time or may generate any number of pieces of linear
image data 20.

[0074] In the example in FIG. 4, a pixel value correspond-
ing to the arrival time is assigned to each piece of the linear
image data 20. However, the embodiments are not limited to
this example. For example, the linear image generator 172
may assign different kinds of lines (solid line, dashed line,
dotted line, dashed and single-dotted line, and other lines) to
pieces of linear image data 20 with different arrival times.

[0075] Forconvenience of explanation, the description here
provides the example in which the linear image data 20 is
generated after the arrival time image data (F1G. 3) is gener-
ated. However, the embodiments are not limited to this
example. That is, the linear image generator 172 can generate
linear image data 20 even when the arrival time image data is
not generated. For example, the linear image generator 172
can generate linear image data 20 by extracting a plurality of
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points having a predetermined arrival time among the arrival
times at individual points as determined by the signal proces-
sor 130.

[0076] Although not described here, the linear image gen-
erator 172 may perform, for example, smoothing processing
for smoothing the linear image data 20 or may perform pro-
cessing for making the thickness of the linear image data 20
uniform when generating linear image data 20. When extract-
ing points having a predetermined arrival time, the linear
image generator 172 may perform the extraction, for
example, allowing a margin of error to such an extent that the
extracted points form a linear shape, rather than extracting
only the points that exactly match the predetermined arrival
time. That is, the “line on which the arrival times are substan-
tially the same as each other” refers to a line that is based on
a plurality of points having the same arrival time within a
margin of error to such an extent that the extracted points form
a linear shape and that has been subjected to the smoothing
processing or the processing for making the thickness uni-
form.

[0077] The display controller 173 superimposes the linear
image data on ultrasonic image data. For example, the display
controller 173 superimposes the linear image data 20 gener-
ated by the linear image generator 172 on stiffness image
data.

[0078] In other words, the display controller 173 superim-
poses an image based on the image data generated by the
linear image generator 172 on a medical image corresponding
to an area including the scan area.

[0079] FIG. 5 is a diagram illustrating an example of a
display image displayed by the display controller 173 accord-
ing to the first embodiment. As illustrated in FIG. 5, the
display controller 173 displays the linear image data 20a,
205, 20¢, 20d generated as illustrated in FIG. 4 on the stiffness
image data illustrated in FIG. 2.

[0080] It is noted that FIG. 5 is merely an example. For
example, FIG. 5 illustrates a case where the linear image data
20 is superimposed on the stiffness image data used as a
background image. However, the background image is not
limited to this image data. For example, B mode image data,
the arrival time image data in FIG. 3, displacement image data
described later, or variance image data described later may be
used as a background image.

[0081] FIG. 6 is a flowchart illustrating an example of the
process procedure performed by the ultrasonic diagnosis
apparatus 10 according to the first embodiment. In the
example illustrated in FIG. 6, the ultrasonic diagnosis appa-
ratus 10 is initially set in the B mode and displays B mode
image data.

[0082] As illustrated in FIG. 6, the transmission controller
171 in the ultrasonic diagnosis apparatus 10 according to the
first embodiment determines whether a start instruction to
start a stiffness image generation mode for generating a stiff-
ness image has been accepted from the operator (step S101).
The stiffness image generation mode is, for example, a state
for setting an ROI for generating a stiffness image, and trans-
mitting a push pulse after setting the ROI to generate a stiff-
ness image. If a start instruction has not been accepted (No at
step S101), the transmission controller 171 waits until a start
instruction is accepted.

[0083] Ifa start instruction has been accepted (Yes at step
S101), the monitor 103 displays a GUI for setting an ROI
under the control of the transmission controller 171 (step
S102). As the GUI for setting an ROI, for example, an ROI
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that specifies a target area to be imaged by elastography is
displayed on B mode image data. The position and size of the
RO are preset. The transmission controller 171 then accepts
an instruction to change the position and size of the ROI from
the operator and changes the position and size of the ROI in
accordance with the accepted instruction (step S103).

[0084] The transmission controller 171 then determines
whether the ROI has been determined (step S104). For
example, the transmission controller 171 determines whether
the ROI has been determined, depending on whether an
instruction to determine the position and size of the ROI has
been accepted from the operator. Here, if the ROI has not been
determined (No at step S104), the transmission controller 171
executes the processing at step S103 until the ROI is deter-
mined.

[0085] On the other hand, if the ROI has been determined
(Yes at step S104), the transmission controller 171 deter-
mines the transmission position of a push pulse based on the
determined ROI (step S105). For example, the transmission
controller 171 determines one or more transmission positions
of a push pulse based on the position and size of the ROI. This
processing is performed because a shear wave produced by a
push pulse is known to attenuate during the course of propa-
gation, and the purpose thereof is to prevent a situation in
which complete scanning of the entire ROl is hindered due to
the attenuation.

[0086] The transmission controller 171 then determines
whether a request to start capturing stiffness image data has
been accepted from the operator (step S106). Here, if a
request to start capturing has not been accepted (No at step
S106), the transmission controller 171 waits until a request to
start capturing is accepted.

[0087] On the other hand, if a request to start capturing has
been accepted (Yes at step S106), the transmission controller
171 causes the ultrasonic probe 101 to transmit a push pulse
at the determined transmission position (step S107). The
ultrasonic probe 101 then transmits and receives an observa-
tion pulse within the ROI, under the control of the transmis-
sion unit 110 and the reception unit 120 (step S108). For
example, the observation pulse is transmitted and received
multiple times (about a hundred times) on a certain scan line
in the ROIL. The change of displacement over time at each
point is thus calculated. With a system capable of receiving
multiple signals with a single pulse, the change of displace-
ment over time throughout the entire area in the ROI can be
known by transmitting a push pulse once. When the number
of signals that are simultaneously received is limited, an
observation pulse is transmitted and received multiple times
with the raster position changed. In doing so, a push pulse is
transmitted every time an observation pulse is transmitted
with the raster position changed.

[0088] Subsequently. the signal processor 130 calculates
displacement at each point in the ROI over a plurality of time
phases (step S109). The signal processor 130 then determines
the arrival time of the shear wave at each point in the ROI (step
S110). For example, the signal processor 130 determines that
the time when the maximum displacement is reached at each
point is the arrival time of the shear wave at the point. The
signal processor 130 then calculates the propagation speed of
the shear wave (shear wave speed) at each point by perform-
ing spatial differentiation of the arrival time of the shear wave
at each point (step S111). The signal processor 130 then
generates stiffness distribution information by color-coding
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the shear wave speeds corresponding to the ROI and mapping
the color-coded shear wave speeds to corresponding points
(step S112).

[0089] Subsequently, the image generator 140 generates
stiffness image data representing the stiffness of living tissue
by color from the stiffness distribution information generated
by the signal processor 130 (step S113). For example, the
image generator 140 generates, as the stiffness image data,
shear wave speed image data in which a pixel value corre-
sponding to the shear wave speed at each point (each sample
point) in the scan area is assigned to the point. The display
controller 173 then causes the monitor 103 to display the
stiffness image data generated by the image generator 140
(step S114).

[0090] The linear image generator 172 determines whether
a reliability display request to display reliability has been
accepted (step S115). If a reliability display request has been
accepted (Yes at step S115), the linear image generator 172
generates linear image data 20 using a plurality of points
having a predetermined arrival time among the points in the
ROI (step S116). For example, the linear image generator 172
generates linear image data 20 by extracting a plurality of
points having a predetermined arrival time from the points in
the ROI and connecting the extracted points. The display
controller 173 then superimposes the linear image data 20
generated by the linear image generator 172 on the stiffness
image data (step S117). If a reliability display request has not
been accepted (No at step S115), the process proceeds to step
S118.

[0091] The transmission controller 171 then determines
whether an end instruction to terminate the stiffness image
generation mode has been accepted from the operator (step
S118). If an end instruction has not been accepted (No at step
S118), the transmission controller 171 waits to accept a reli-
ability display request, with the stiffness image data kept
displayed, until an end instruction is accepted.

[0092] On the other hand, if the transmission controller 171
has accepted an end instruction (Yes at step S118), the stiff-
ness image generation mode ends. For example, the transmis-
sion controller 171 hides the stiffness image data, and the
process returns to the B mode.

[0093] It is noted that the above process procedure is
merely an example, and the embodiments are not limited to
the process procedure in FIG. 6. For example, the process of
changing the position and size of the ROI (step S103) may not
necessarily be executed. For example, if the preset ROI is
used as it is, the processing at step S103 may not be executed.
For example, in the processing at step S103, only one of the
position and the size of the ROI may be changed.

[0094] In the process procedure described above, the pro-
cess of generating linear image data 20 (step S116) is
executed after a reliability display request has been accepted
(Yes at step S115). However, the embodiments are not limited
to this processing. For example, the process of generating
linear image data 20 may be executed as a background pro-
cess, and linear image data 20 may be displayed if a reliability
display request is accepted. That is, the process of generating
linear image data 20 may be performed at any timing as long
as the process of determining the arrival time (step S110) has
been executed.

[0095] In the process procedure described above, the pro-
cess of displaying linear image data 20 (step S117) is
executed after a reliability display request has been accepted
(Yes at step S115). However, the embodiments are not limited
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to this process procedure. For example, linear image data 20
may be automatically displayed without a reliability display
request having been accepted. That is, the processing at step
S115 may not be executed.

[0096] As described above, the ultrasonic diagnosis appa-
ratus 10 according to the first embodiment generates linear
image data representing a line on which the arrival times, i.e.,
when the shear wave reaches individual points in the scan
area, are substantially the same as each other. The ultrasonic
diagnosis apparatus 10 then superimposes the linear image
data on ultrasonic image data.

[0097] For example, the ultrasonic diagnosis apparatus 10
generates linear image data 20 by extracting a plurality of
points having a predetermined arrival time from the points in
the ROT and connecting the extracted points. In this manner,
the ultrasonic diagnosis apparatus 10 can display linearimage
data 20 serving as scale marks of the arrival time on the arrival
time image data as if contour lines are drawn on a map.
[0098] Here, linear image data 20 is displayed using the
arrival time because the arrival time serves as an index of
reliability of the stiffness of living tissue. For example, under
an environment in which the stiffness of living tissue can be
accurately measured due to the absence of displacement by
the subject’s body movement or reflection and refraction of
the shear wave, the shear wave should propagate generally
uniformly from the transmission position of a push pulse. As
a result, the linear image data 20 of the arrival time is gener-
ally parallel to the transmission direction of the push pulse
and forms a curved line in accordance with the stiffness of
living tissue. By contrast, under an environment in which the
stiffness of living tissue cannot be accurately measured, the
propagation of the shear wave is observed extremely early or
observed extremely late. As a result, the linear image data 20
of the arrival time becomes widely curved.

[0099] The operator thus can judge the reliability of stiff-
ness of living tissue in an area in the vicinity of linear image
data 20 by viewing the degree of the curve of linear image
data 20 superimposed on ultrasonic image data.

[0100] In addition, for example, the ultrasonic diagnosis
apparatus 10 assigns a pixel value corresponding to the arrival
time to each linear image data 20. The operator thus can know
the value of the arrival time in the neighborhood of each linear
image data 20 by viewing the pixel value (color) of that linear
image data 20.

Second Embodiment

[0101] In the first embodiment described above, the pixel
value corresponding to the arrival time is assigned to linear
image data 20. However, the embodiments are not limited
thereto. For example, the ultrasonic diagnosis apparatus 10
may assign a pixel value corresponding to another parameter
to linear image data 20. In a second embodiment described
below, the ultrasonic diagnosis apparatus 10 assigns a pixel
value corresponding to another parameter to linear image data
20.

[0102] FIG. 7isablock diagram illustrating a configuration
example of the ultrasonic diagnosis apparatus 10 according to
the second embodiment. The ultrasonic diagnosis apparatus
10 according to the second embodiment, while having the
same configuration as the ultrasonic diagnosis apparatus 10
illustrated in FIG. 1, differs in that it further includes a cal-
culator 174 and in part of the process to be performed by the
linear image generator 172. In the second embodiment, the
differences from the first embodiment are mainly described,
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and the same functions as those in the configuration described
in the first embodiment are denoted with the same reference
signs as in FIG. 1 and a description thereof is omitted.
[0103] Thecalculator 174 according to the second embodi-
ment calculates, for each point included in linear image data
20, a variance of the arrival times at individual points in a
predetermined area including the foregoing point.

[0104] FIG. 8 and FIG. 9 are diagrams for explaining a
process to be performed by the calculator 174 according to the
second embodiment. FIG. 8 illustrates a case where a vari-
ance calculation area21 is arranged on arrival time image data
and linear image data 20 similar to those in FIG. 3. Here, the
variance calculation area 21 is an area having a predetermined
size, with each point included in linear image data 20 at the
center, for calculating a variance. Although this size is preset,
the preset value may be changed as desired. FIG. 9 illustrates
an enlarged view of the neighborhood of the variance calcu-
lation area 21 in FIG. 8. In FIG. 9, each black rectangle
represents a point (pixel) included in the linear image data
20¢. The shaded rectangle represents the center point (center
pixel) of the variance calculation area 21.

[0105] As illustrated in FIG. 8, the calculator 174 arranges
the variance calculation area 21, for example, with a point
included in the linear image data 20c¢ at the center. As illus-
trated in FIG. 9, the calculator 174 calculates the variance of
the arrival times at individual points included in the arranged
variance calculation area 21, as the variance at the center
point. The calculator 174 then arranges the variance calcula-
tion area 21 for other points included in the linear image data
20¢ in the same manner, with each point at the center, and
calculates the variance for each point included therein. The
calculator 174 thus calculates the variance for each point
included in the linear image data 20c.

[0106] For the linear image data 20a, 205, 204, the calcu-
lator 174 also calculates the variance for each point included
in each of the linear image data 20a, 205, 204 in the same
manner. Each point of linear image data 20 thus has the
variance of the arrival times as a parameter corresponding to
the variation in arrival times at the surrounding points.
[0107] FIG. 8 and FIG. 9 merely illustrate an example. For
example, although the description here provides the example
in which the variance for each point is calculated on the
arrival time image data (F1G. 3) for convenience of explana-
tion, the embodiments are not limited thereto. That is, the
calculator 174 can calculate the variance for each point
included in linear image data 20 even without performing the
process on the arrival time image data.

[0108] The linear image generator 172 according to the
second embodiment has the same functions as those
described in the first embodiment and further assigns, to each
point included in linear image data 20, a pixel value corre-
sponding to the variance at the point. For example, the linear
image generator 172 assigns, to each point included in linear
image data 20, the pixel value corresponding to the variance
of that point as calculated by the calculator 174.

[0109] FIG. 10 is a diagram for explaining a process to be
performed by the linear image generator 172 according to the
second embodiment. FIG. 10 illustrates an example in which
the pixel value corresponding to the variance at each point
included in the linear image data 20¢ in FIG. 9 is assigned to
that point.

[0110] As illustrated in FIG. 10, the linear image generator
172 assigns, to each point included in the linear image data
20¢in FIG. 9, the pixel value corresponding to the variance at
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that point as calculated by the calculator 174. As an example,
the linear image generator 172 assigns blue, blue green, yel-
low green, yellow, orange, and red in the increasing order of
the variance for each point.

[0111] Tt is noted that FIG. 10 merely illustrates an
example. For example, in the example in FIG. 10, the pixel
value corresponding to the variance at each point included in
linear image data 20 is assigned to that point. However, the
embodiments are not limited to this example. For example,
the linear image generator 172 may assign a hatching pattern
different by variance at each point, to each point included in
linear image data 20.

[0112] For the linear image data 20a, 2056, 204, the linear
image generator 172 also assigns the pixel value correspond-
ing to the variance at each point included in each of the linear
image data 20a, 205, 204, in the same manner. Each point of
linear image data 20 appearing on the monitor 103 thus has
the color corresponding to a variation in arrival times at the
surrounding points.

[0113] As described above, the ultrasonic diagnosis appa-
ratus 10 according to the second embodiment calculates, for
each point included in linear image data 20, the variance of
the arrival times at the respective points in a predetermined
area including the foregoing point. The ultrasonic diagnosis
apparatus 10 then assigns, to each point included in linear
image data 20, the pixel value corresponding to the variance
at that point.

[0114] Here, the pixel value (color) is assigned (color-
coded) to each point included in linear image data 20 using
the variance, because the variance serves an index of reliabil-
ity of the stiffness of living tissue. For example, in the second
embodiment, each point of linear image data 20 appearing on
the monitor 103 has the color corresponding to the variation
in arrival times at the surrounding points. Here, under an
environment in which the stiffness of living tissue can be
accurately measured, the variance is not high since the shear
wave propagates generally uniformly. By contrast, if the
propagation of the shear wave is disrupted in living tissue, the
variance is high. It can be judged that the reliability of stiff-
ness is low in the area having high variances.

[0115] The operator thus can judge the reliability of the
stiffness of living tissue in the area in the vicinity of linear
image data 20 by viewing the pixel value (color) assigned to
each point included in the linear image data 20.

[0116] Inthe second embodiment described above, to each
point in linear image data 20, the pixel value corresponding to
the variance at the point is assigned. However, the embodi-
ments are not limited thereto. For example, the ultrasonic
diagnosis apparatus 10 may assign, to each point in linear
image data 20, the pixel value corresponding to a parameter
such as the index value (shear wave speed, Young’s modulus,
or shear modulus) of the stiffness of living tissue at each point
or the magnitude of displacement at each point. The operator
thus can easily recognize information suggested by a variety
of parameters by viewing the color of each point of linear
image data 20.

Third Embodiment

[0117] The first and the second embodiments described
above illustrated a case in which linear image data 20 is
displayed using the arrival time. However, the embodiments
are not limited thereto. For example, the ultrasonic diagnosis
apparatus 10 may display an image serving as such a scale
mark as linear image data 20 using another parameter. In a
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third embodiment, the ultrasonic diagnosis apparatus 10 dis-
plays an image serving as such a scale mark as linear image
data 20 using another parameter.

[0118] The ultrasonic diagnosis apparatus 10 according to
the third embodiment has the same configuration as the ultra-
sonic diagnosis apparatus 10 illustrated FI1G. 1 and differs in
part of the process to be performed by the linear image gen-
erator 172 and the display controller 173. In the third embodi-
ment, the differences from the first embodiment are mainly
described, and the same functions as those in the configura-
tion illustrated in the first embodiment are denoted with the
same reference signs as in FIG. 1 and a description thereof is
omitted.

[0119] The linear image generator 172 according to the
third embodiment has the same functions as those described
in the first embodiment and further generates stiffness linear
image data representing a line on which the index values of
the stiffness of living tissue based on the shear wave at indi-
vidual points in the scan area are substantially the same as
each other. For example, the linear image generator 172
extracts a plurality of points having an index value with a
predetermined magnitude from the points in the scan area.
The linear image generator 172 then generates stiffness linear
image data by connecting the extracted points. The index
value with a predetermined magnitude is a value designated
beforehand by the operator or the designer of the ultrasonic
diagnosis apparatus 10, and a plurality of values are usually
designated.

[0120] FIG. 11 is a diagram for explaining the process to be
performed by the linear image generator 172 according to the
third embodiment. FIG. 11 illustrates a case where linear
image data 22a and 225 generated by the linear image gen-
erator 172 are displayed on the stiffness image data in FIG. 2.
The linear image data 22a represents positions where the
Young’s modulus is 30 [kPa], and the linear image data 225
represents positions where the Young’s modulus is 60 [kPa].
The linear image data 22a and 2256 are collectively denoted as
“linear image data 22” unless it is necessary to distinguish
them from each other. This linear image data 22 is an example
of the stiffness position image data.

[0121] Asillustrated in FIG. 11, the linear image generator
172 acquires the stiffness image data generated by the image
generator 140. The linear image generator 172 then extracts a
plurality of points where the Young’s modulus is 30 [kPa]
from the acquired stiffness image data. The linear image
generator 172 then generates linear image data 22a by con-
necting the extracted points. The linear image generator 172
also generates linear image data 224 by connecting the points
corresponding to 60 [kPa] in the same manner as in the linear
image data 22a.

[0122] The linear image generator 172 assigns, for
example, to each piece of the linear image data 22, a pixel
value corresponding to the index value of stiffness (here, the
Young’s modulus) thereof. In the example illustrated in FIG.
11, the linear image generator 172 assigns, to each piece of
the linear image data 22a and 225, the pixel value correspond-
ing to the Young’s modulus. Specifically, the linear image
generator 172 assigns yellow green to the linear image data
22a and assigns orange to the linear image data 225.

[0123] As described above, the linear image generator 172
generates linear image data 22a¢ and 22b representing the
positions where the Young’'s moduli are 30 and 60 [kPa],
respectively.
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[0124] Tt is noted that FIG. 11 merely illustrates an
example. For example, in the example in FIG. 11 described
above, linear image data 22 are generated at the positions
where the Young’s moduli are 30 and 60 [kPa]. However, the
embodiments are not limited thereto. For example, the linear
image generator 172 may generate linear image data 22 at
positions corresponding to any desired Young’s modulus or
may generate any desired number of pieces of linear image
data 22.

[0125] In the example in FIG. 11 described above, a pixel
value corresponding to the Young’s modulus is assigned to
each piece of linear image data 22. However, the embodi-
ments are not limited to this example. For example, the linear
image generator 172 may assign different kinds oflines (solid
line, dashed line, dotted line, dashed and single-dotted line,
and other lines) to pieces of linear image data 22 with differ-
ent Young’s modulus values.

[0126] In the description here, linear image data 22 is gen-
erated after stiffness image data (FIG. 2) is generated, for
convenience of explanation. However, the embodiments are
not limited thereto. That is, the linear image generator 172 can
generate stiffness linear image data 22 even when stiffness
image data is not generated. For example, the linear image
generator 172 may generate linear image data 22 by extract-
ing a plurality of points having a predetermined Young’s
modulus among the Young’s moduli at individual points as
determined by the signal processor 130.

[0127] Although not described here, the linear image gen-
erator 172 may perform, for example, smoothing processing
for smoothing linear image data 22 or may perform process-
ing for making the thickness of linear image data 22 uniform,
when generating linear image data 22. When extracting the
points having a predetermined Young’s modulus, the linear
image generator 172 may perform the extraction, for
example, allowing a margin of error to such an extent that the
extracted points form a linear shape, rather than extracting
only the points that exactly match the predetermined Young’s
modulus. That is, the “line on which the index values of
stiffhess are substantially the same as each other” refers to a
line that is based on a plurality of points having the same
index value of stiffness within a margin of error to such an
extent that the extracted points form a linear shape and that
has been subjected to the smoothing processing or the pro-
cessing for making the thickness uniform.

[0128] The display controller 173 according to the third
embodiment has the same functions as those described in the
first embodiment and further superimposes linear image data
22 on ultrasonic image data. For example, the display con-
troller 173 superimposes the linear image data 22 generated
by the linear image generator 172 on the arrival time image
data.

[0129] FIG. 12 is a diagram illustrating an example of a
display image displayed by the display controller 173 accord-
ing to the third embodiment. As illustrated in FIG. 12, the
display controller 173 displays linear image data 224 and 225
generated in FIG. 11 on the arrival time image data illustrated
in FIG. 3.

[0130] It is noted that FIG. 12 merely illustrates an
example. For example, in FIG. 12, linear image data 22 is
superimposed on the arrival time image data used as a back-
ground image. However, the background image is not limited
to this image data. For example, B mode image data, the
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stiffness image data in FIG. 2, displacement image data
described later, or variance image data described later may be
used as a background image.

[0131] As described above, the ultrasonic diagnosis appa-
ratus 10 according to the third embodiment generates linear
image data 22 using an index value of stiffness. The ultrasonic
diagnosis apparatus 10 then superimposes the generated lin-
ear image data 22 on ultrasonic image data. The operator thus
can visually grasp, for example, the relevance between the
index value of stiffness and the parameter in the background
image.

[0132] Inthe third embodiment described above, the index
value of stiffness is used as a parameter other than the arrival
time to generate scale marks (contour lines). However, the
embodiments are not limited thereto. For example, the linear
image generator 172 may generate a scale mark using the
magnitude of displacement at each point. Specifically, the
linear image generator 172 may generate image data (dis-
placement position image data) representing a line on which
the magnitudes of displacement at individual points in the
scan area are substantially the same as each other. The display
controller 173 then displays the generated displacement posi-
tion image data on ultrasonic image data. The ultrasonic
diagnosis apparatus 10 thus displays such a scale mark as
linear image data 20 using the parameter different from thatin
the background image, so that the operator can visually grasp
the relevance between those different parameters.

[0133] The ultrasonic diagnosis apparatus 10 according to
the third embodiment may select image data of any desired
kinds from the linear image data 20 based on the arrival times,
the linear image data 22, and the displacement position image
data and superimpose all of image data of the selected kinds
on ultrasonic image data. That is, the ultrasonic diagnosis
apparatus 10 may superimpose, for example, the linear image
data 20 based on the arrival times and the linear image data 22
on ultrasonic image data of one kind.

[0134] The process in which the ultrasonic diagnosis appa-
ratus 10 according to the third embodiment uses another
parameter to display an image serving such a scale mark as
linear image data 20 may be executed independently of the
process of generating and displaying the linear image data 20
based on the arrival times.

Fourth Embodiment

[0135] For example, the ultrasonic diagnosis apparatus 10
may display an image serving as such a scale mark as linear
image data 20 based on the arrival times in a case where the
shear wave propagates throughout the entire scan area with a
shear wave speed in a predetermined area. In a fourth embodi-
ment described below, the ultrasonic diagnosis apparatus 10
displays animage serving as such a scale mark as linear image
data 20 based on the arrival times in a case where the shear
wave propagates throughout the entire scan area with a shear
wave speed in a predetermined area.

[0136] The ultrasonic diagnosis apparatus 10 according to
the fourth embodiment has the same configuration as the
ultrasonic diagnosis apparatus 10 illustrated in FIG. 1 and
differs in part of the process to be performed by the linear
image generator 172 and the display controller 173. In the
fourth embodiment, the differences from the first embodi-
ment are mainly described, and the same functions as those in
the configuration described in the first embodiment are
denoted with the same reference signs as in FIG. 1 and a
description thereof is omitted.

Jun. 18,2015

[0137] The linear image generator 172 according to the
fourth embodiment has the same functions as those described
in the first embodiment. The linear image generator 172 fur-
ther calculates the arrival time when the shear wave reaches
each point in the scan area with the propagation speed of the
shear wave in a predetermined area and generates predeter-
mined area position image data representing a line on which
the calculated arrival times are substantially the same as each
other.

[0138] FIG. 13 is a diagram for explaining a process to be
performed by the linear image generator 172 according to the
fourth embodiment. FIG. 13 illustrates a case where an ROI
23 designated by the operator and linear image data 24a to 24f
are displayed on the stiffness image data in F1G. 2. In FIG. 13,
the linear image data 24a represents positions where the
arrival time is 5 [msec], the linear image data 245 represents
positions where the arrival time is 10 [msec], the linear image
data 24¢ represents positions where the arrival time is 15
[msec], the linear image data 244 represents positions where
the arrival time is 20 [msec], the linear image data 24e rep-
resents positions where the arrival time is 25 [msec], and the
linear image data 24/ represents positions where the arrival
time is 30 [msec]. The linear image data 24a to 24f are
collectively referred to as “linear image data 24” unless it is
necessary to distinguish them from each other. This linear
image data 24 is an example of the predetermined area posi-
tion image data.

[0139] Asillustrated in FIG. 13, the linear image generator
172 accepts, for example, an operation to designate the ROI
23 from the operator. The linear image generator 172 then
calculates a mean value of the shear wave speeds at individual
points included in the accepted ROI 23. The linear image
generator 172 then calculates the arrival time when the shear
wave reaches each point in the scan area with the calculated
mean value of the shear wave speeds. In other words, the
linear image generator 172 calculates the arrival time at each
point in the scan area, assuming that all the points in the scan
area have uniform stiffness (average stiffness in the ROI123)
and the shear wave propagates throughout the entire scan area
with a constant speed (the calculated mean value of the shear
wave speeds). For example, the linear image generator 172
calculates the arrival time at each point using the calculated
mean value of the shear wave speeds and the distance from the
transmission position of a push pulse to each point. The linear
image generator 172 then generates linear image data 24a to
24f each representing a line on which the calculated arrival
times are substantially the same as each other. Here, the linear
image data 24a to 24f are parallel lines to the transmission
position of a push pulse because they are generated assuming
that all the points in the scan area have average stiffness in the
ROI 23. In FIG. 13, it is assumed that the transmission posi-
tion of a push pulse is at the left end of the scan area. The
process in which the linear image generator 172 generates
linear image data 24a to 24f each representing positions
where the calculated arrival times are substantially the same
as each other is the same as described in the first embodiment
and a detailed description thereof is omitted.

[0140] It is noted that FIG. 13 merely illustrates an
example. For example, the linear image generator 172 may
generate linear image data 24 at positions corresponding to
any desired arrival time or may generate any desired number
of individual lines of linear image data 24.

[0141] For example, the linear image generator 172 may
assign a pixel value corresponding to the calculated arrival
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time to each piece of linear image data 24. For example, the
linearimage generator 172 may assign different kinds of lines
(solid line, dashed line, dotted line, dashed and single-dotted
line, and other lines) to lines of linear image data 24 that
correspond to different calculated arrival times.

[0142] For example, if the position and size of the ROI 23
are preset, the designation of the ROI 23 by the operator may
not necessarily be required. For example, if the ROI 23 preset
is used as it is, the designation of the ROI 23 by the operator
may not be accepted.

[0143] InFIG. 13 described above, the stiffness image data
is used as a background image. However, the embodiments
are not limited thereto. For example, the linear image genera-
tor 172 may execute the processing described above, irrespec-
tive of the presence or absence of a background image and the
kind of ultrasonic image data serving as a background image.
[0144] In FIG. 13 described above, the mean value of the
shear wave speeds at individual points included in the ROI 23
is used. However, the embodiments are not limited thereto.
For example, the shear wave speed at the center point of the
ROI 23 may be used.

[0145] The display controller 173 according to the fourth
embodiment has the same functions as those described in the
first embodiment and further displays linear image data 24 on
ultrasonic image data.

[0146] For example, the display controller 173 superim-
poses the linear image data 24 generated by the linear image
generator 172 on the arrival time image data.

[0147] FIG. 14 is a diagram illustrating an example of a
display image displayed by the display controller 173 accord-
ing to the fourth embodiment. As illustrated in FIG. 14, the
display controller 173 displays the linear image data 24 gen-
erated in FIG. 13 on the arrival time image data illustrated in
FIG. 3.

[0148] It is noted that FIG. 14 merely illustrates an
example. For example, in FIG. 14 described above, the linear
image data 24 is superimposed on the arrival time image data
used as abackground image. However, the background image
is not limited to this image data. For example, B mode image
data, the stiffness image data in FIG. 2, displacement image
data described later, or variance image data described later
may be used as a background image.

[0149] As described above, the ultrasonic diagnosis appa-
ratus 10 according to the fourth embodiment displays an
image serving as such a scale mark as linear image data 20
based on the arrival times in a case where the shear wave
propagates throughout the entire scan area with the shear
wave speed in the ROI 23. The operator thus can easily
compare the arrival time in a case where the shear wave
propagates throughout the entire scan area with the shear
wave speed in the ROI 23, with another parameter.

[0150] The ultrasonic diagnosis apparatus 10 according to
the fourth embodiment may superimpose the linear image
data 24 displayed here, together with image data of any
desired kind or kinds out of the linear image data 20 based on
the arrival times, the linear image data 22, and the displace-
ment position image data, on ultrasonic image data. The
operator thereby can compare a plurality of parameters on the
same ultrasonic image data.

[0151] The process to be performed by the ultrasonic diag-
nosis apparatus 10 according to the fourth embodiment to
display an image serving as such a scale mark as linear image
data 20 based on the arrival times in a case where the shear
wave propagates throughout the entire scan area with the
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shear wave speed in a predetermined area may be executed
independently of the process of generating and displaying the
linear image data 20 based on the arrival times.

Other Embodiments

[0152] The first to the fourth embodiments have been
described so far. Other than those embodiments, a variety of
modifications thereof may be carried out. It is noted that each
process described below can be executed independently of
the process of generating and displaying the linear image data
20 of the arrival time.

[0153] Generation of Displacement Image Data

[0154] For example, the ultrasonic diagnosis apparatus 10
may generate displacement image data in which the pixel
value corresponding to the magnitude of displacement at each
point is assigned to each point in the scan area.

[0155] For example, the image generator 140 generates
displacement image data by assigning the pixel value corre-
sponding to the magnitude of displacement at each point to
each point in the scan area. Specifically, the image generator
140 acquires displacement at each point in the scan area that
is calculated by the signal processor 130 over a plurality of
time phases. The image generator 140 then specifies the
amount of displacement (maximum amount of displacement)
that is the greatest among the displacements calculated over a
plurality of time phases, for each point. The image generator
140 then generates displacement image data by assigning the
pixel value corresponding to the specified maximum amount
of displacement at each point to each point.

[0156] FIG. 15 is a diagram for explaining displacement
image data. As illustrated in FIG. 15, the image generator 140
generates displacement image data in which the points in the
scan area are color-coded based on the maximum amounts of
displacement.

[0157] As described above, the image generator 140 gen-
erates displacement image data by assigning the pixel value
corresponding to the magnitude of displacement at each point
to each point in the scan area. Here, displacement image data
is generated because the magnitude of displacement serves as
an index of the reliability of the stiffness of living tissue. For
example, if displacement large enough to be observed with
the observation pulse occurs at each point in the scan area, the
reliability of the stiffness of living tissue observed is high. By
contrast, if displacement large enough does not occur at each
point in the scan area, the observation with the observation
pulse is difficult. The reliability of the stiffness of living tissue
observed is therefore low. The operator thus can easily grasp
the reliability of the stiffness of living tissue observed, by
viewing the displacement image data.

[0158] Intheexampleillustratedin FIG. 15, itis understood
that the displacement is larger at a point in the upper position
in the scan area, and the reliability is high. On the other hand,
it is understood that the displacement is smaller at a point in
the lower position in the scan area, and the reliability is low.
[0159] In the example in FIG. 15 described above, the
maximum amount of displacement is used as the magnitude
of displacement at each point. However, the embodiments are
not limited to this example. For example, displacement image
data may be generated by assigning the pixel value corre-
sponding to the integral value (the sum of amounts of dis-
placement in a certain time period) in a time-displacement
curve to each point. Alternatively, displacement image data
may be generated, for example, by assigning the pixel value
corresponding to the differential value (the magnitude of the
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slope) in a time-displacement curve to each point. That is,
displacement image data may be generated by assigning the
pixel value corresponding to the time when the propagation
speed of the shear wave is maximum, to each point.

[0160] Generation of Variance Image Data

[0161] For example, the ultrasonic diagnosis apparatus 10
may gererate variance image data in which the pixel value
corresponding to the variance at each point is assigned to the
point in the scan area.

[0162] For example, the calculator 174 calculates, for each
point in the scan area, the variance of the arrival times at
individual points in a predetermined area including the fore-
going point. As an example, the calculator 174 calculates the
variance for each point in the scan area using the variance
calculation area 21 in FIG. 8. The process of calculating the
variance using the variance calculation area 21 is the same as
described in the second embodiment and a detailed descrip-
tion thereof is omitted.

[0163] The image generator 140 then generates variance
image data by assigning the pixel value corresponding to the
variance at each point to each point in the scan area. Specifi-
cally, the image generator 140 acquires the variance at each
point in the scan area as calculated by the calculator 174. The
image generator 140 then generates variance image data by
assigning the pixel value corresponding to the acquired vari-
ance to each point.

[0164] As described above, the image generator 140 gen-
erates variance image data by assigning the pixel value cor-
responding to the variance at each point to each point in the
scan area. The operator thereby can easily grasp the reliability
of the stiffness of living tissue observed, by viewing the
variance image data.

[0165] Change of Image Data with Various Parameters
[0166] For example, the ultrasonic diagnosis apparatus 10
may change the pixel value at each point included in ultra-
sonic image data, using any one of parameters including the
index value of stiffness, the arrival time of the shear wave, the
magnitude of displacement, and the variance at each point.
[0167] The image generator 140 changes the pixel value at
each point included in ultrasonic image data, using any one of
parameters including the index value of stiffness, the arrival
time of the shear wave, the magnitude of displacement, and
the variance for each point.

[0168] For example, the image generator 140 performs the
process of changing the brightness of ultrasonic image data.
FIG. 16 is a diagram for explaining the process of changing
brightness. In FI1G. 16, the process of changing the brightness
of stiffness image data using the magnitude of displacement is
described. In the example illustrated in FIG. 16, an area 25a
in stiffness image data is dark and an area 255 is solid black.
The upper area (the area above the area 254) in the stiffness
image data is displayed with the brightness of the original
stiffness image data being kept.

[0169] For example, the image generator 140 evaluates the
reliability on threelevels, based on the magnitude of displace-
ment at each point in the scan area. Specifically speaking, the
image generator 140 determines that the reliability at the
point at which the maximum amount of displacement is equal
to or greater than a first threshold is “high”. The image gen-
erator 140 determines that the point at which the maximum
displacement is less than the first threshold and equal to or
greater than a second threshold is “medium”. Here, the sec-
ond threshold is a value smaller than the first threshold. The
image generator 140 determines that the reliability at the
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point at which the maximum displacement is less than the
second threshold is “low”. In the example illustrated in FIG.
16, the image generator 140 determines that the upper area in
the stiffness image data is “high”, the area 254 is “medium”,
and the area 255 is “low”.

[0170] Theimage generator 140 keeps the brightness of the
original image unchanged in the area determined to have
“high” reliability. The image generator 140 darkens the origi-
nal image in the area 254 determined to have “medium”
reliability. For example, the image generator 140 darkens the
image by subtracting a predetermined number from the RGB
value at the points included in the area 25a. The image gen-
erator 140 fills the original image with solid black in the area
25b determined to have “low™ reliability. For example, the
image generator 140 fills the image with solid black by setting
the RGB value at the points included in the area 255 to zero.
As described above, the image generator 140 changes the
brightness of the stiffness image data in FIG. 2 based on the
magnitude of displacement at each point.

[0171] For example, the image generator 140 performs the
process of partially hiding ultrasonic image data. FIG. 171s a
diagram for explaining the hiding process. In FIG. 17, the
process of partially hiding stiffness image data using the
magnitude of displacement is described. In the example illus-
trated in FIG. 17, an area 26 in stiffness image data is white
and displays nothing.

[0172] For example, the image generator 140 evaluates the
reliability in three levels based on the magnitude of displace-
ment at each point in the scan area. This evaluation may be
made, for example, in the same manner as described in FIG.
16. For example, the image generator 140 determines that the
upper area in the stiffness image data is “high”, the area 25a
1s “medium”, and the area 255 is “low”.

[0173] The image generator 140 then generates stiffness
image data only in the area determined to have “high” reli-
ability and does not generate stiffness image data in the area
26 determined to have “medium” and “low” reliability. As
described above, the image generator 140 does not generate
stiffness image data corresponding to the area 26 thereby
hiding the area 26.

[0174] As described above, the image generator 140
changes, for example, the pixel value of each point included
in the stiffness image data using the magnitude of displace-
ment at each point. Although the reliability is evaluated in
three levels in the example above, the embodiments are not
limited to this example. For example, the image generator 140
may evaluate the reliability in two levels by using a single
threshold or may evaluate the reliability in multiple levels by
using a plurality of thresholds.

[0175] Although the stiffness image data is modified using
the magnitude of displacement in the description here, the
embodiments are not limited thereto. That is, the pixel value
at each point included in a variety of ultrasonic image data
described above can be changed by using any one of param-
eters including the index value of stiffness, the arrival time of
the shear wave, the magnitude of displacement, and the vari-
ance at each point.

[0176] The ultrasonic diagnosis apparatus 10 thereby can
visualize information represented by a variety of parameters,
such as the stiffness of living tissue and the reliability thereof,
on another ultrasonic image data.
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[0177] Evaluation of Various Parameters

[0178] For example, the ultrasonic diagnosis apparatus 10
may evaluate a variety of parameters at each point in the
region of interest and display the evaluation result.

[0179] Forexample, the display controller 173 evaluates at
least one of parameters including the index value of the stiff-
ness of living tissue based on the shear wave, the arrival time,
the magnitude of displacement, and the variance of the arrival
times at each point in the region of interest and displays the
evaluation result.

[0180] FIG. 18 is a diagram for explaining evaluation of a
variety of parameters. FIG. 18 illustrates the stiffness image
data in FIG. 2 and an ROI 27 designated on that image for
reliability evaluation.

[0181] For example, the display controller 173 accepts the
designation of the ROI 27 by the operator. The display con-
troller 173 then evaluates a variety of parameters at each point
in the accepted ROI 27.

[0182] As an example, the display controller 173 evaluates
the reliability by comparing the variance at each point in the
ROI 27 with a threshold. Specifically, the display controller
173 calculates the mean value of the variance at each point in
the ROI 27. The display controller 173 then compares the
calculated mean value with a threshold, determines that the
reliability is “high” if the mean value is less than the thresh-
old, and determines that the reliability is “low” if the mean
value is equal to or greater than the threshold. For example,
the display controller 173 causes the monitor 103 to display
the evaluation result “reliability: high” as illustrated in FIG.
18.

[0183] Itis noted that the example in FIG. 18 is given only
by way of illustration. Forexample, the display controller 173
may make an evaluation by comparing not the mean value of
the variance at each point in the ROI 27 but the maximum
value of the variances in the ROI 27 with a threshold. Not only
the evaluation result but also the parameter may be displayed
per se on the monitor 103. For example, the display controller
173 calculates the mean value of the arrival time at each point
in the ROI 27. The display controller 173 may display the
calculated mean value “8.0 msec” on the monitor 103.
[0184] Display of Transmission Position of Push Pulse and
Observation Direction

[0185] For example, the ultrasonic diagnosis apparatus 10
may display the transmission position of a push pulse and the
observation direction.

[0186] FIG. 19 is a diagram for explaining display of the
transmission position of a push pulse and the observation
direction. FIG. 19 illustrates flags 28a, 285, 28¢ and lines 29q,
295, 29¢ on the stiffness image data in FIG. 2. In the example
illustrated in FI1G. 19 described below, a push pulse is trans-
mitted on the lines 294, 295, 29¢, and a shear wave propagat-
ing rightward from each transmission position is observed.
[0187] As illustrated in FIG. 19, the image generator 140
acquires information indicating the transmission position of a
push pulse and the observation direction thereof from the
transmission controller 171. The image generator 140 then
generates the line 294 as image data corresponding to the
transmission position of a push pulse at the left end. This line
29ais arranged at the transmission position of a push pulse at
the left end. The image generator 140 also generates the flag
28a in order to indicate the observation direction of the push
pulse at the left end. In this case, since the observation direc-
tion is on the right side of the transmission position of a push
pulse, the image generator 140 arranges the flag 28a on the
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right side of the line 29a. Here, the image generator 140 lays
the short side of the flag 284 on the line 29a. The flag 28a
extending from the line 29¢ in the right direction explicitly
shows that the shear wave propagating from the transmission
position on the line 294 in the right direction is observed.
[0188] Parallel Display

[0189] For example, the ultrasonic diagnosis apparatus 10
may display a variety of ultrasonic image data described
above together with scale marks (such as linear image data
20) superimposed thereon in parallel.

[0190] For example, the display controller 173 displays at
least two pieces of image data in parallel, among the stiffness
image data, the arrival time image data, the displacement
image data, and the variance image data. The display control-
ler 173 then superimposes at least one of the linear image data
20 based on the arrival times, the linear image data 22, the
displacement position image data, and the linear image data
24, on at least one of the pieces of image data displayed in
parallel.

[0191] FIG. 20 is a diagram for explaining parallel display.
FIG. 20 illustrates an image on the left side in which the linear
image data 20 based on the arrival times is superimposed on
the stiffness image data and illustrates an image on the right
side in which the linear image data 24 is superimposed on the
arrival time image data. It is noted that the image data illus-
trated here is merely an example and the display controller
173 may display a variety of ultrasonic image data and image
data (forexample, inFIGS. 16 and 17) modified with a variety
of parameters, in parallel. The display controller 173 may
superimpose any desired image data of the linear image data
20 of the arrival time, the linear image data 22, the displace-
ment position image data, and the linear image data 24
described above. A variety of image data thus can be dis-
played in parallel.

[0192] Display of Linear Image Data 20 as Moving Image
[0193] For example, the ultrasonic diagnosis apparatus 10
may display linear image data 20 as a moving image.

[0194] For example, the image generator 140 generates a
plurality of pieces of linear image data 20 based on the arrival
times, for each of a plurality of different arrival times. The
display controller 173 then displays the pieces of linear image
data 20 in order from the earlier arrival time. The ultrasonic
diagnosis apparatus 10 thus displays linear image data 20 as
a moving image.

[0195] The ultrasonic diagnosis apparatus 10 can display
the linear image data 22, the displacement position image
data, and the linear image data 24 described above as a mov-
ing image in the same manner.

[0196] Calculation of Unique Parameter as Index of Reli-
ability
[0197] Inthe embodiments described above, at least one of

the arrival time, the magnitude of displacement (maximum
amount of displacement), and the variance of the arrival times
is imaged and displayed as an index of the reliability of
stiffness. However, the embodiments are not limited thereto.
For example, a unique parameter serving as an index of reli-
ability can be calculated by combining a plurality of param-
eters out of the above parameters serving as indices of reli-
ability of stiffhess.

[0198] For example, the calculator 174 calculates a value
based on the magnitude of displacement and the variance, as
an index of reliability of stiffness. Here, the magnitude of
displacement is, for example, the maximum amount of dis-
placement, and the greater is this value, the higher is the



US 2015/0164480 Al

reliability. On the other hand, the greater is the variance, the
lower is the reliability. For example, the calculator 174 cal-
culates a unique parameter serving as an index of reliability
by scoring the maximum amount of displacement and the
reciprocal of the variance.

[0199] The linear image generator 172 and the image gen-
erator 140 then execute the process explained in the foregoing
embodiments using the calculated unique parameter in place
of the arrival time, the magnitude of displacement, or the
variance of the arrival times. For example, the linear image
generator 172 assigns a pixel value corresponding to the
unique parameter to each position included in the linear
image data 20. For example, the image generator 140 gener-
ates, as a background image, image data in which the pixel
value corresponding to the unique parameter is assigned to
each position in the scan area. For example, the image gen-
erator 140 changes a pixel value at each position included in
the background image in accordance with the unique param-
eter at each position in the scan area.

[0200] The embodiments are not limited to the example
above. The calculator 174 may calculate a unique parameter
serving as an index of reliability by combining any number of
any of the parameters including the arrival time, the magni-
tude of displacement (maximum amount of displacement),
and the variance of the arrival times.

[0201] Linked Reliability Display in Parallel Display
[0202] In the parallel display described above, the reliabil-
ity display in images to be displayed in parallel may be linked
with each other. That is, in parallel display, if the parameter
(forexample, the arrival time, the magnitude of displacement,
the variance, and the unique parameter) serving as an index of
reliability at each position included in stiffness image data
does not satisfy a predetermined condition, the display con-
troller 173 hides the image at that position and hides the
image corresponding to that position in the linear image data
20 to be displayed in parallel.

[0203] FIG. 21 is a diagram illustrating an example of a
display image 30 appearing on the monitor during parallel
display. The display image 30 includes a superimposed image
31 and a superimposed image 32. The superimposed image
31 and the superimposed image 32 are an image in which a
stiffnessimage 34 ora linear image group 35 is superimposed
on a B mode image 33 generated based on the reflected-wave
data in a certain scan area. That is, the stiffness image 34
represents the stiffness in the corresponding area in the B
mode image 33. The linear image group 35 includes a plural-
ity of linear images such as linear images 35a, 356, 35¢ . . .
and is generated based on the arrival times in the correspond-
ing area in the B mode image 33.

[0204] Here, in the stiffness image 34, an area 36 with low
reliability is hidden. In the example in FIG. 21, the area 36 is
shown as a white area surrounded by a black line. For
example, the display controller 173 hides the area 36 by
changing the pixel value at a point at which the variance is
equal to or greater than a predetermined threshold, among the
points included in the stiffness image 34. Although the area 36
is shown as a white area surrounded by a black line, the
embodiments are not limited thereto. Forexample, the area 36
may be shown as a black area or may be shown as a colorless
area. When the area 36 is shown as a colorless area, the B
mode image 33 as a background is displayed as it is.

[0205] InFIG. 21, in the linear image group 35, an area 37
corresponding to the area 36 is displayed in a color different
from other areas. In the example in FIG. 21, the area 37 is
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shown as a white area surrounded by a black line. For
example, the display controller 173 displays the area 37 in a
color different from other areas by changing the pixel value at
a point at which the variance is equal to or greater than a
predetermined threshold, among the points included in the
linear image group 35.

[0206] As described above, when performing parallel dis-
play, the display controller 173 changes each of a plurality of
images to be displayed in parallel, using the same threshold
for the index value of reliability. The display controller 173
thereby can hide a plurality of images to be displayed in
parallel in such a manner that they are linked to each other.

[0207] Although FIG. 21 illustrates an example in which
the area 36 is shown as a white area surrounded by a black
line, the embodiments are not limited to this example. For
example, the area 36 may be shown as a black area or may be
shown as a colorless area. When the area 36 is shown as a
colorless area, the B mode image 33 used as a background is
displayed as it is. In FIG. 21 described above, the variance is
used as an index value of reliability. However, the embodi-
ments are not limited thereto. For example, any of the param-
eters including the arrival time, the magnitude of displace-
ment, the variance, and the unique parameter may be used as
a parameter serving as an index of reliability.

[0208] Itisnoted that the components of each device illus-
trated in the description of the foregoing embodiments are
functional concepts and may not necessarily be physically
configured as illustrated in the drawings. That is, specific
manners of distribution and integration of the devices are not
limited to those illustrated in the drawings and the whole or
part thereof may be distributed or integrated functionally or
physically in any units depending on various loads and use
conditions. The whole or any part of the processing functions
in each device may be implemented by a CPU and a computer
program that is analyzed and executed by the CPU, or may be
implemented by hardware with wired logic.

[0209] Each process to be performed by the ultrasonic diag-
nosis apparatus 10 described in the foregoing embodiments
can be implemented by executing an image processing pro-
gram prepared in advance. The image processing program
can be distributed over networks such as the Internet. Other-
wise, the image processing program may be recorded on a
non-transitory computer-readable recording medium such as
a hard disk, a flexible disk (FD), a compact disc read only
memory (CD-ROM), a magnetooptical disc (MO), and a digi-
tal versatile disc (DVD) and read out from the non-transitory
recording medium by a computer for execution.

[0210] At least one of the embodiments described above
can represent the reliability of the stiffness of living tissue on
an ultrasonic image.

[0211] 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.
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What is claimed is:
1. An ultrasonic diagnosis apparatus comprising:
atransmission unit that causes an ultrasonic probe to trans-
mit a displacement-producing ultrasonic wave for pro-
ducing displacement in living tissue based on acoustic
radiation force and to cause the ultrasonic probe to trans-
mit an observation ultrasonic wave for observing dis-
placement, in living tissue in a predetermined scan area,
that is produced based on the displacement-producing
ultrasonic wave;
areception unit that generates reflected-wave data based on
a reflected wave received by the ultrasonic probe:

an image generator that calculates displacement at each of
aplurality of positions in the scan area over a plurality of
time phases, based on the reflected-wave data, determine
a time phase when the calculated displacement is sub-
stantially maximum, for each of the positions, and gen-
erate image data representing positions where the detet-
mined time phases are substantially the same as each
other, among the positions; and

a display controller that superimposes an image based on

the image data on a medical image corresponding to an
area including the scan area.

2. The ultrasonic diagnosis apparatus according to claim 1,
wherein the image generator generates the image data corre-
sponding to a plurality of discrete time phases.

3. The ultrasonic diagnosis apparatus according to claim 1,
further comprising a calculator that calculates, for each posi-
tionincluded in the image data, atleast one of a variance of the
determined time phases at individual positions in a predeter-
mined area including the foregoing position and a value based
on the variance and the magnitude of the displacement,
wherein

the image generator further assigns, to each position

included in the image data, a pixel value corresponding
to the variance or the value at the position.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein the image generator further assigns, to each position
included in the image data, a pixel value corresponding to one
of an index value of stiffness of living tissue based on a shear
wave at the position and the magnitude of the displacement at
the position.

5. The ultrasonic diagnosis apparatus according to claim 1,
wherein the image generator generates a plurality of pieces of
image data corresponding to a plurality of different time
phases out of the determined time phases and assigns, to the
respective pieces of image data, pixel values corresponding to
the different determined time phases.

6. The ultrasonic diagnosis apparatus according to claim 5,
wherein if a plurality of pieces of image data are generated
corresponding to the different determined time phases, the
display controller displays the pieces of image data in order
from the earlier determined time phase.

7. The ultrasonic diagnosis apparatus according to claim 1,
wherein

the image generator further generates second image data

representing positions where index values of stiffness of
living tissue based on a shear wave at individual posi-
tions in the scan area are substantially the same as each
other, and

the display controller further displays an image based on

the second image data on the medical image.

8. The ultrasonic diagnosis apparatus according to claim 1,
wherein
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the image generator further generates third image data
representing positions where the magnitudes of the dis-
placement at individual positions in the scan area are
substantially the same as each other, and

the display controller further displays an image based on

the third image data on the medical image.

9. The ultrasonic diagnosis apparatus according to claim 1,
wherein

the image generator further calculates an arrival time when

a shear wave reaches each position in the scan area with
a propagation speed of the shear wave in a predeter-
mined area and generates fourth image data representing
positions where the calculated arrival times are substan-
tially the same as each other, and

the display controller further displays an image based on

the fourth image data on the medical image.

10. The ultrasonic diagnosis apparatus according to claim
1, further comprising a second image generator that gener-
ates, as the medical image, an image based on at least one of:

fifth image data in which a pixel value corresponding to a

signal intensity in B mode is assigned to each position in
the scan area;
sixth image data in which a pixel value corresponding to an
index value of stiffness of living tissue based on a shear
wave is assigned to each position in the scan area;

seventh image data in which, to each position in the scan
area, a pixel value corresponding to the determined time
phase at the position is assigned,

eighth image data in which, to each position in the scan

area, a pixel value corresponding to the magnitude of the
displacement at the position is assigned;

ninth image data in which a pixel value corresponding to a

variance of the determined time phases is assigned to
each position in the scan area; and

tenth image data in which a pixel value corresponding to a

value based on a variance of the determined phase and
the magnitude of the displacement is assigned to each
position in the scan area.

11. The ultrasonic diagnosis apparatus according to claim
10, wherein the second image generator changes a pixel value
at each position included in the medical image, using any one
of parameters including the index value, the determined time
phase, the magnitude of the displacement, the variance, and
the value at each position in the scan area.

12. The ultrasonic diagnosis apparatus according to claim
10, wherein the display controller displays images based on at
least two pieces of image data in parallel, among the fifth
image data, the sixth image data, the seventh image data, the
eighth image data, the ninth image data, and the tenth image
data, and superimposes an image based on image data genet-
ated by the image generator on an image based on at least one
of the image data displayed in parallel.

13. The ultrasonic diagnosis apparatus according to claim
12, wherein, in the displaying in parallel. if any one of param-
eters including the determined time phase, the magnitude of
the displacement, the variance, and the value at each position
included in the sixth image data does not satisfy a predeter-
mined condition, the display controller hides an image at the
position and hides an image corresponding to the position in
the image data generated by the image generator to be dis-
played in parallel.

14. The ultrasonic diagnosis apparatus according to claim
1, wherein the display controller evaluates at least one of
parameters including an index value of stiffness of living
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tissue based on a shear wave, the determined time phase, the
magnitude of the displacement, the variance of the deter-
mined time phases, and a value based on the variance and the
magnitude of the displacement at each position in a region of
interest and displays an evaluation result.
15. An image processing apparatus comprising:
an image generator that calculates displacement at each of
a plurality of positions in a scan area over a plurality of
time phases, based on reflected-wave data, determine a
time phase when the calculated displacement is substan-
tially maximum, for each of the positions, and generate
image data representing positions where the determined
time phases are substantially the same as each other,
among the positions; and
a display controller that superimposes an image based on
the image data on a medical image corresponding to an
area including the scan area.

16. An image processing method comprising:

calculating displacement at each of a plurality of positions
in a scan area over a plurality of time phases, based on
reflected-wave data, determining a time phase when the
calculated displacement is substantially maximum, for
each of the positions, and generating image data repre-
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senting positions where the determined time phases are
substantially the same as each other, among the posi-
tions; and

superimposing an image based on the image data on a
medical image corresponding to an area including the
scan area.

17. An ultrasonic diagnosis apparatus comprising:

a transmission unit that causes an ultrasonic probe to trans-
mit a displacement-producing ultrasonic wave for pro-
ducing displacement in living tissue based on acoustic
radiation force and to cause the ultrasonic probe to trans-
mit an observation ultrasonic wave for observing dis-
placement, in living tissue in a predetermined scan area,
that is produced based on the displacement-producing
ultrasonic wave;

areception unit that generates reflected-wave data based on
a reflected wave received by the ultrasonic probe;

an image generator that generates image data representing
positions where index values of stiffness of living tissue
based on a shear wave at individual positions in the scan
area are substantially the same as each other; and

a display controller that superimposes an image based on
the image data on a medical image corresponding to an
area including the scan area.
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