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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to an ultrasound
diagnostic apparatus, a method of controlling the ultra-
sound diagnostic apparatus, and a computer program
product having stored therein program instructions for
performing the method of controlling the ultrasound di-
agnostic apparatus.

BACKGROUND ART

[0002] Recently, in the medical field, various types of
medical imaging apparatuses have been widely used to
visualize and acquire information about living tissue of a
human body for early diagnosis or surgery with regard
to various diseases. Representative examples of these
medical imaging apparatuses may include an ultrasound
diagnostic apparatus, a computed tomography (CT) ap-
paratus, and a magnetic resonance imaging (MRI) ap-
paratus.

[0003] Ultrasound diagnostic apparatuses transmit ul-
trasound signals generated by transducers of a probe to
an object and receive information of echo signals reflect-
ed from the object, thereby obtaining an image of an in-
ternal part of the object. In particular, ultrasound diag-
nostic apparatuses are used for medical purposes includ-
ing observing an internal area of an object, detecting for-
eign substances, and assessing injuries. Such ultra-
sound diagnostic apparatuses exhibit high stability, dis-
play images in real-time, and are safe due to lack of ra-
diation exposure compared to diagnostic X-ray appara-
tuses. Therefore, ultrasound diagnostic apparatuses
have been widely used together with other types of im-
aging diagnostic apparatuses.

[0004] In addition, an ultrasound diagnostic apparatus
may provide a brightness (B) mode image representing
a reflection coefficient of an ultrasound signal reflected
from an object as a two-dimensional (2D) image, a Dop-
pler (D) mode image showing an image of a moving ob-
ject (in particular, blood flow) by using a Doppler effect,
an elastic mode image visualizing a difference between
responses when compression is or is not applied to an
object, as an image, etc.

DESCRIPTION OF EMBODIMENTS
SOLUTION TO PROBLEM

[0005] Provided are an apparatus and method for gen-
erating an ultrasound elastography image by using a
shear wave and detecting the occurrence of reverbera-
tion in the ultrasound elastography image.

[0006] Also provided are an apparatus and method for
displaying information about a detected reverberation in
order to notify the occurrence of the reverberation.
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ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0007] According to the embodiments of the disclo-
sure, it is possible to detect the occurrence of a rever-
beration and display and notify information about the de-
tected reverberation to a user, thereby improving the ac-
curacy of measurement of elasticity.

[0008] Furthermore, when a reverberation occurs, it is
possible to allow the user to manipulate a probe such
that a severe reverberation may not occur or to move a
region of interest (ROI) to a region of mild reverberation,
thereby facilitating elasticity measurement and increas-
ing user convenience.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The disclosure will now be described more fully
through the detailed descriptions below with reference
to the accompanying drawings, in which reference nu-
merals denote structural elements.

FIG. 1 is a block diagram of a configuration of an
ultrasound diagnostic apparatus according to an em-
bodiment of the disclosure.

FIGS. 2A through 2C illustrate ultrasound diagnostic
apparatuses according to an embodiment.

FIG. 3 is a block diagram illustrating components of
an ultrasound diagnostic apparatus according to an
embodiment of the disclosure.

FIG. 4 is a flowchart of a method, performed by an
ultrasound diagnostic apparatus, of detecting the oc-
currence of a reverberation in a region of interest
(ROI) and displaying information about the reverber-
ation, according to an embodiment of the disclosure.
FIG. 5 is a diagram for explaining a method, per-
formed by an ultrasound diagnostic apparatus, of in-
ducing a displacement in a tissue of an ROl and cal-
culating the displacement, according to an embodi-
ment of the disclosure.

FIG. 6 is a flowchart of a method, performed by an
ultrasound diagnostic apparatus, of measuring a
shear wave arrival time from a tissue displacement
in an ROI, according to an embodiment of the dis-
closure.

FIG. 7A is a graphical representation of coordinates
for locations of a plurality of scan lines in an ROl and
a focusing direction of a focused ultrasound beam
applied to the ROI in a depth direction.

FIG. 7B is a diagram for explaining a method, per-
formed by an ultrasound diagnostic apparatus, of
calculating a shear wave propagation velocity at a
plurality of measurement points within an ROI, ac-
cording to an embodiment of the disclosure.

FIG. 7C is a graphiillustrating a relationship between
a shear wave arrival time and a tissue displacement
measured by an ultrasound diagnostic apparatus at
each of a plurality of measurement points, according
to an embodiment of the disclosure.
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FIG. 8 is a flowchart of a method, performed by an
ultrasound diagnostic apparatus, of detecting the oc-
currence of a reverberation based on shear wave
arrival times at a plurality of measurement points
within an ROI, according to an embodiment of the
disclosure.

FIG. 9is a graph illustrating shear wave arrival times
respectively measured by an ultrasound diagnostic
apparatus at a plurality of measurement points, ac-
cording to an embodiment of the disclosure.

FIG. 10 is a flowchart of a method, performed by an
ultrasound diagnostic apparatus, of detecting the oc-
currence of a reverberation based on a shear wave
velocity calculated at a plurality of measurement
points within an ROI, according to an embodiment
of the disclosure.

FIGS. 11Aand 11B are graphs for explaining a meth-
od, performed by an ultrasound diagnostic appara-
tus, of determining a value of a reliability measure-
ment index based on a shear wave velocity ratio,
according to an embodiment of the disclosure.
FIGS. 12A and 12B are diagrams for explaining a
method, performed by an ultrasound diagnostic ap-
paratus, of displaying information about a detected
reverberation, according to an embodiment of the
disclosure.

BEST MODE

[0010] According to an aspect of the present disclo-
sure, a method of processing shear wave elastography
data with respect to an object by using an ultrasound
diagnostic apparatus includes: inducing a shear wave in
a region of interest of the object by emitting a focused
ultrasound beam onto the region of interest of the object;
obtaining ultrasound images of the object in which the
shear wave is induced, respectively at a plurality of time
points; measuring, by using the ultrasound images, shear
wave arrival times respectively at a plurality of measure-
ment points that are separated by preset distances from
a focal point where the focused ultrasound beam is fo-
cused; detecting a reverberation in the region of interest
based on the measured shear wave arrival times; and
displaying information about the detected reverberation.
[0011] Before the emitting of the focused ultrasound
beam, the method may further include transmitting a first
ultrasound signal to the object and generating a refer-
ence ultrasound image by using an ultrasound echo sig-
nal reflected from the object, and the obtaining of the
ultrasound may include transmitting a second ultrasound
signal to the object in which the shear wave is induced
and respectively obtaining a plurality of shear wave im-
ages at the plurality of time points by using an ultrasound
echo signal reflected from the object.

[0012] The measuring of the shear wave arrival times
may include: calculating a plurality of time points when
displacements of tissues of the object respectively posi-
tioned at the plurality of measurement points respectively
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reach maximum values by comparing each of the plurality
of shear wave images with the reference ultrasound im-
age; and respectively determining the calculated plurality
of time points as the shear wave arrival times at the plu-
rality of measurement time points.

[0013] The detecting of the reverberation may include:
determining an average of the shear wave arrival times
respectively corresponding to the plurality of measure-
ment points as a first average shear wave arrival time;
determining an average of differences as a second av-
erage shear wave arrival time, each difference being be-
tween shear wave arrival times at two adjacent points
among the plurality of measurement points; and detect-
ing occurrence of the reverberation by comparing a value
obtained by dividing the first average shear wave arrival
time by the second average shear wave arrival time with
a preset threshold.

[0014] The detecting of the reverberation may further
include detecting the occurrence of the reverberation by
comparing the first average shear wave arrival time with
a preset reference time.

[0015] The detecting of the reverberation may include:
calculating a first shear wave velocity by dividing an av-
erage of distances of the plurality of measurement points
by an average of the shear wave arrival times respec-
tively measured at the plurality of measurement points;
calculating a second shear wave velocity by dividing a
distance between two adjacent points among the plurality
of measurement points by a difference between shear
wave arrival times respectively measured at the two ad-
jacent measurement points; and detecting occurrence of
the reverberation based on the first and second shear
wave velocities.

[0016] The detecting of the reverberation may further
include detecting the occurrence of the reverberation by
comparing a difference between the second and first
shear wave velocities with a preset threshold.

[0017] The detecting of the reverberation may further
include determining a value obtained by dividing the dif-
ference between the second and first shear wave veloc-
ities by the first shear wave velocity as a reliability meas-
urement index (RMI), and the displaying of the informa-
tion about the detected reverberation comprises display-
ing the RMI on a display of the ultrasound diagnostic
apparatus.

[0018] The displaying of the information about the de-
tected reverberation may include displaying the informa-
tion about the detected reverberation via a user interface
including at least one of a phrase, a sentence, a symbol,
and a color.

[0019] The displaying of the information of the detected
reverberation may further include outputting the informa-
tion about the detected reverberation in the form of a
sound including at least one of a beep sound, a melody,
and a voice.

[0020] According to another aspect of the present dis-
closure, an ultrasound diagnostic apparatus for process-
ing shear wave elastography data with respect to an ob-
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ject includes: an ultrasound probe configured to induce
a shear wave in a region of interest of the object by emit-
ting afocused ultrasound beam onto the region of interest
of the object; a processor configured to respectively ob-
tain ultrasound images of the object at a plurality of time
points, respectively measure shear wave arrival times at
a plurality of measurement points that are separated by
preset distances from a focal point where the focused
ultrasound beam is focused, and detect a reverberation
in the region of interest based on the measured shear
wave arrival times; and a display displaying information
about the detected reverberation.

[0021] The ultrasound probe may transmit a first ultra-
sound signal to the object before emitting the focused
ultrasound beam, and the processor may generate aref-
erence ultrasound image by using an ultrasound echo
signal reflected from the object, wherein the ultrasound
images are a plurality of shear wave images respectively
obtained by the processor at the plurality of time points.
[0022] The processor may calculate a plurality of time
points when displacements of tissues of the object re-
spectively positioned at the plurality of measurement
points respectively reach maximum values by comparing
each of the plurality of shear wave images with the ref-
erence ultrasound image and determine the calculated
plurality of time points as the shear wave arrival times at
the plurality of measurement time points.

[0023] The processor may determine an average of
the shear wave arrival times respectively corresponding
to the plurality of measurement points as a first average
shear wave arrival time, determine an average of differ-
ences as a second average shear wave arrival time, each
difference being between shear wave arrival times at two
adjacent points among the plurality of measurement
points, and detect occurrence of the reverberation by
comparing a value obtained by dividing the first average
shear wave arrival time by the second average shear
wave arrival time with a preset threshold.

[0024] The processor may detectthe occurrence ofthe
reverberation by comparing the firstaverage shear wave
arrival time with a preset reference time.

[0025] The processor may calculate a first shear wave
velocity by dividing an average of distances of the plu-
rality of measurement points by an average of the shear
wave arrival times respectively measured at the plurality
of measurement points, calculate a second shear wave
velocity by dividing a distance between two adjacent
points among the plurality of measurement points by a
difference between shear wave arrival times respectively
measured at the two adjacent measurement points, and
detect occurrence of the reverberation based on the first
and second shear wave velocities.

[0026] The processor may detectthe occurrence ofthe
reverberation by comparing a difference between the
second and first shear wave velocities with a preset
threshold.

[0027] The processor may determine a value obtained
by dividing the difference between the second and first
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shear wave velocities by the first shear wave velocity as
an RMI, and the display may display the RMI.

[0028] The display may display the information about
the detected reverberation via a user interface including
at least one of a phrase, a sentence, a symbol, and a
color.

[0029] According to another aspect of the present dis-
closure, a computer program product includes a compu-
ter-readable storage medium for performing the method
of processing shear wave elastography data.

MODE OF DISCLOSURE

[0030] The present specification describes principles
of the disclosure and sets forth embodiments thereof to
clarify the scope of the disclosure and to allow those of
ordinary skill in the art to implement the embodiments of
the disclosure. The embodiments of the disclosure may
have different forms.

[0031] Like reference numerals refer to like elements
throughout. The present specification does not describe
all components in the embodiments of the disclosure,
and common knowledge in the art or the same descrip-
tions of the embodiments will be omitted below. The term
"module" or "unit" used herein may be implemented as
software, hardware, firmware, or any combination of two
or more thereof, and according to embodiments, a plu-
rality of "modules" or "units" may be formed as a single
element, or one "module" or "unit" may include a plurality
of elements.

[0032] Hereinafter, the operating principles and em-
bodiments of the disclosure will be described in detail
with reference to the accompanying drawings.

[0033] In exemplary embodiments, an image may in-
clude any medical image acquired by various medical
imaging apparatuses such as a magnetic resonance im-
aging (MRI) apparatus, a computed tomography (CT) ap-
paratus, an ultrasound imaging apparatus, or an X-ray
apparatus.

[0034] Also, in the present specification, an "object",
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may
include a part of a human, that is, an organ or a tissue,
or a phantom.

[0035] Throughoutthe specification, an ultrasound im-
age refers to an image of an object processed based on
ultrasound signals transmitted to the object and reflected
therefrom.

[0036] FIG. 1 is a block diagram illustrating a configu-
ration of an ultrasound diagnosis apparatus 100, i.e., a
diagnostic apparatus, according to an exemplary embod-
iment.

[0037] Referring to FIG. 1, the ultrasound diagnosis
apparatus 100 may include a probe 20, an ultrasound
transceiver 110, a controller 120, an image processor
130, one or more displays 140, a storage 150, e.g., a
memory, a communicator 160, i.e., a communication de-
vice or an interface, and an input interface 170. The ul-
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trasound diagnosis apparatus 100 may be of a cart-type
or a portable-type ultrasound diagnosis apparatus, which
is portable, moveable, mobile, or hand-held.

[0038] Examples of the portable-type ultrasound diag-
nosis apparatus may include a smart phone, a laptop
computer, a personal digital assistant (PDA), and a tablet
personal computer (PC), each of which may include a
probe and a software application, but embodiments are
not limited thereto. The probe 20 may include a plurality
of transducers.

[0039] The plurality of transducers may transmit ultra-
sound signals to an object 10 in response to transmitting
signals received by the probe 20, from a transmitter 113.
The plurality of transducers may receive ultrasound sig-
nals reflected from the object 10 to generate reception
signals. In addition, the probe 20 and the ultrasound di-
agnosis apparatus 100 may be formed in one body (e.g.,
disposed in a single housing), or the probe 20 and the
ultrasound diagnosis apparatus 100 may be formed sep-
arately (e.g., disposed separately in separate housings)
but linked wirelessly or via wires. In addition, the ultra-
sound diagnosis apparatus 100 may include one or more
probes 20 according to embodiments. The controller 120
may control the transmitter 113 for the transmitter 113 to
generate transmitting signals to be applied to each of the
plurality of transducers based on a position and a focal
point of the plurality of transducers included in the probe
20.

[0040] The controller 120 may control the ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from ana-
logue to digital signals and summing the reception sig-
nals converted into digital form, based on a position and
a focal point of the plurality of transducers.

[0041] The image processor 130 may generate an ul-
trasound image by using ultrasound data generated from
the ultrasound receiver 115.

[0042] The display 140 may display a generated ultra-
sound image and various pieces of information proc-
essed by the ultrasound diagnosis apparatus 100.
[0043] The ultrasound diagnosis apparatus 100 may
include two or more displays 140 according to the present
exemplary embodiment. The display 140 may include a
touch screen in combination with a touch panel. The con-
troller 120 may control the operations of the ultrasound
diagnosis apparatus 100 and flow of signals between the
internal elements of the ultrasound diagnosis apparatus
100.

[0044] The controller 120 may include a memory for
storing a program or data to perform functions of the ul-
trasound diagnosis apparatus 100 and a processor
and/or a microprocessor (not shown) for processing the
program or data. For example, the controller 120 may
control the operation of the ultrasound diagnosis appa-
ratus 100 by receiving a control signal from the input in-
terface 170 or an external apparatus. The ultrasound di-
agnosis apparatus 100 may include the communicator
160 and may be connected to external apparatuses, for
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example, servers, medical apparatuses, and portable de-
vices such as smart phones, tablet personal computers
(PCs), wearable devices, etc., via the communicator 160.
[0045] The communicator 160 may include atleastone
element capable of communicating with the external ap-
paratuses.

[0046] For example, the communicator 160 may in-
clude at least one among a short-range communication
module, a wired communication module, and a wireless
communication module.

[0047] The communicator 160 may receive a control
signal and data from an external apparatus and transmit
the received control signal to the controller 120 so that
the controller 120 may control the ultrasound diagnosis
apparatus 100 in response to the received control signal.
[0048] The controller 120 may transmit a control signal
to the external apparatus via the communicator 160 so
thatthe externalapparatus may be controlled in response
to the control signal of the controller 120.

[0049] Forexample, the external apparatus connected
to the ultrasound diagnosis apparatus 100 may process
the data of the external apparatus in response to the con-
trol signal of the controller 120 received via the commu-
nicator 160. A program for controlling the ultrasound di-
agnosis apparatus 100 may be installed in the external
apparatus.

[0050] The program may include command languages
to perform part of operation of the controller 120 or the
entire operation of the controller 120.

[0051] The program may be pre-installed in the exter-
nal apparatus or may be installed by a user of the external
apparatus by downloading the program from a server
that provides applications.

[0052] The server that provides applications may in-
clude a recording medium where the program is stored.
The storage 150 may store various data or programs for
driving and controlling the ultrasound diagnosis appara-
tus 100, input and/or output ultrasound data, ultrasound
images, applications, etc. The input interface 170 may
receive a user’s input to control the ultrasound diagnosis
apparatus 100 and may include a keyboard, button, key-
pad, mouse, trackball, jog switch, knob, a touchpad, a
touch screen, a microphone, a motion input means, a
biometrics input means, etc. For example, the user’s in-
put may include inputs for manipulating buttons, key-
pads, mice, trackballs, jog switches, or knobs, inputs for
touching a touchpad or a touch screen, a voice input, a
motion input, and a bioinformation input, for example, iris
recognition or fingerprint recognition, but an exemplary
embodiment is not limited thereto. An example of the
ultrasound diagnosis apparatus 100 according to the
present exemplary embodiment is described below with
reference to FIGS. 2A, 2B, and 2C. FIGS. 2A, 2B, and
2C are diagrams illustrating ultrasound diagnosis appa-
ratus according to an exemplary embodiment. Referring
to FIGS. 2A and 2B, the ultrasound diagnosis appara-
tuses 200a and 200b may include a main display 221
and a sub-display 222. At least one among the main dis-
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play 221 and the sub-display 222 may include a touch
screen.

[0053] The main display 221 and the sub-display 222
may display ultrasound images and/or various informa-
tion processed by the ultrasound diagnosis apparatus
200a or 200b. The main display 221 and the sub-display
222 may provide graphical user interfaces (GUI), thereby
receiving user’s inputs of data to control the ultrasound
diagnosis apparatus 200a or 200b. For example, the
main display 221 may display an ultrasound image and
the sub-display 222 may display a control panel to control
display ofthe ultrasound image as a GUI. The sub-display
222 may receive an input of data to control the display
of animage through the control panel displayed as a GUI.
The ultrasound diagnosis apparatus 200a or 200b may
control the display of the ultrasound image on the main
display 221 by using the input control data.

[0054] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 200b may include a control panel 230. The
control panel 230 may include buttons, trackballs, jog
switches, or knobs, and may receive data to control the
ultrasound diagnosis apparatus 200b from the user.
[0055] Forexample, the control panel 230 may include
atime gain compensation (TGC) button 241 and afreeze
button 242. The TGC button 241 is to set a TGC value
for each depth of an ultrasound image. Also, when an
input of the freeze button 242 is detected during scanning
anultrasoundimage, the ultrasound diagnosis apparatus
200b may keep displaying a frame image at that time
point.

[0056] Thebuttons, trackballs, jog switches, and knobs
included in the control panel 230 may be provided as a
GUI to the main display 221 or the sub-display 222. Re-
ferring to FIG. 2C, the ultrasound diagnosis apparatus
200c may include a portable device. An example of the
portable ultrasound diagnosis apparatus 200c may in-
clude, for example, smart phones including probes and
applications, laptop computers, personal digital assist-
ants (PDAs), or tablet PCs, but an exemplary embodi-
ment is not limited thereto. The ultrasound diagnosis ap-
paratus 200c may include the probe 20 and a main body
223. The probe 20 may be connected to one side of the
main body 223 by wire or wirelessly. The main body 223
may include a touch screen 224. The touch screen 224
may display an ultrasound image, various pieces of in-
formation processed by the ultrasound diagnosis appa-
ratus 200c, and a GUI.

[0057] FIG. 3 is a block diagram illustrating compo-
nents of an ultrasound diagnostic apparatus 300 accord-
ing to an embodiment of the disclosure.

[0058] Referring to FIG. 3, the ultrasound diagnostic
apparatus 300 may include a probe 310, a processor
320, and a display 330. According to an embodiment,
the ultrasound diagnostic apparatus 300 may include the
probe 310 and the processor 320 except for the display
330. Furthermore, according to another embodiment, the
ultrasound diagnostic apparatus 300 may further include
components other than those shown in FIG. 1
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[0059] The probe 310 transmits an ultrasound wave to
a region of interest (ROI) of an object and detects an
echo signal. Furthermore, the probe 310 induces a dis-
placement in the ROI. In an embodiment of the disclo-
sure, the probe 310 may emit a focused beam onto the
object to induce a displacement in tissue of the object.
The probe 310 may control an ultrasound signal output
sequence from piezoelectric elements arranged in an ar-
ray to generate and output a focused ultrasound beam.
When a focused beam is emitted onto the object, the
focused beam causes a distortion according to move-
ment of tissue in an axial direction to induce a displace-
ment of the tissue. The probe 310 may propagate a shear
wave due to the displacement of tissue in the object. The
ultrasound diagnostic apparatus 300 may obtain an elas-
tic mode ultrasound image by scanning an ultrasound
image when the displacement is induced in the object.
[0060] The processor 320 controls all operations of the
ultrasound diagnostic apparatus 300 and processes data
and signals. The processor 320 may be composed of
one or more hardware units. In an embodiment, the proc-
essor 320 may be composed of a hardware unitincluding
a memory for storing at least one of a computer program,
an algorithm, and application data and a processor for
processing the program, algorithm, or application data
stored in the memory. For example, the processor 320
may be composed of a processor including at least one
of a central processing unit (CPU), a microprocessor,
and a graphic processing unit. In this case, the memory
and the processor may be formed as a single chip, but
are not limited thereto. According to another embodi-
ment, the processor 320 may be implemented as one or
more software modules generated by executing a pro-
gram code stored in the memory.

[0061] According to an embodiment, the processor
320 may include a separate hardware unit that functions
as both an image processor and a controller. In this case,
the processor 320 may correspond to at least one or a
combination of the controller 120 and the image proces-
sor 130 of FIG. 1.

[0062] The processor 320 calculates a movement dis-
placement of tissue in the ROI from an obtained ultra-
sound image. For example, a displacement may be cal-
culated by comparing a plurality of ultrasound images
obtained before and after applying compression to the
object. According to an embodiment, the probe 310 may
transmit a first ultrasound signal to an object, and the
processor 320 may obtain a reference ultrasound image
by using a first ultrasound echo signal reflected from the
object. After a focused ultrasound beam is emitted onto
the object, the probe 310 may transmit a second ultra-
sound signal to the object, and the processor 320 may
respectively obtain a plurality of shear wave images cap-
tured at a plurality of time points based on a second ul-
trasound echo signal reflected from the object. For ex-
ample, the second ultrasound signal may be a plane
wave.

[0063] The processor may calculate displacements of
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sub-tissues in the object, respectively corresponding to
a plurality of measurement points, by comparing each of
a plurality of shear wave images with a reference ultra-
sound image. In an embodiment, the processor 320 may
calculate a displacement of a sub-tissue in the object by
performing auto-correlation or cross-correlation between
the reference ultrasound image and each of the shear
wave images. According to another embodiment, a dis-
placement may be calculated by using a differential im-
age between ultrasound images obtained before and af-
ter movement of the object, i.e., between a shear wave
image and a reference ultrasound image or by differen-
tiating an obtained shear wave image with respect to
time. According to an embodiment, the processor 320
may include a module such as a displacement calculator.
[0064] The processor 320 may respectively measure
shear wave arrival times at a plurality of measurement
points that are respectively separated by preset distanc-
es from a focal point to which a focused beam is emitted.
In an embodiment, the processor 320 may measure
shear wave arrival times from displacements of a plurality
of sub-tissues in the ROI, and in particular, determine
the time when the magnitude of a change in a displace-
ment of a sub-tissue is maximum as a shear wave arrival
time. The processor 320 may calculate a time point when
adisplacementof atissue in the object positioned ateach
of a plurality of measurement points is maximum, the
measurement points being separated by preset distanc-
es from a focal point, and determine the calculated time
point as a shear wave arrival time for each of the plurality
of measurement points. In this case, the processor 320
may differentiate a plurality of detected tissue displace-
ments with respect to time, respectively calculates axial
velocities with respect to time for the differentiated tissue
displacements, and respectively determine time points
when the calculated axial velocities reach their maximum
values as shear wave arrival times at the plurality of
measurement points.

[0065] According to another embodiment, the proces-
sor 320 may measure a shear wave arrival time by cal-
culating, via cross-correlation, a time delay between a
displacement signal according to the changes over time
at one of the plurality of measurement points and a dis-
placement signal at another measurement point that is
adjacent thereto.

[0066] The processor 320 may detect a reverberation
in an ROI based on the detected tissue displacements
and the measured shear wave arrival time. According to
an embodiment, the processor 320 may determine an
average of shear wave arrival times respectively meas-
ured at the plurality of measurement points as a first av-
erage shear wave arrival time, determine an average of
differences as a second average shear wave arrival time,
each difference being between shear wave arrival times
at two adjacent points among the plurality of measure-
ment points, and detect the occurrence of areverberation
by comparing a preset threshold with a value obtained
by dividing the first average shear wave arrival time by
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the second average shear wave arrival time. In this case,
the processor 320 may detect the occurrence of a rever-
beration when the first average shear wave arrival time
is greater than a preset reference time.

[0067] According to an embodiment, the processor
320 may calculate a first shear wave velocity by dividing
an average of distances of the plurality of measurement
points by an average of shear wave arrival times respec-
tively measured at the plurality of measurement points,
calculate a second shear wave velocity by dividing a dis-
tance between two adjacent points among the plurality
of measurement points by a difference between shear
wave arrival times respectively measured at the two ad-
jacent measurement points , and detect the occurrence
of a reverberation based on the first and second shear
wave velocities. In this case, the processor 320 may cal-
culate a shear wave velocity ratio by dividing a difference
between the first and second shear wave velocities by
the first shear wave velocity and detect the occurrence
of a reverberation by comparing the calculated shear
wave velocity ratio with a preset threshold. For example,
when the shear wave velocity ratio is greater than or
equal to 0.5, the processor 320 may determine that the
reverberation has occurred.

[0068] According to an embodiment, the processor
320 may calculate a shear wave velocity ratio and obtain
a reliability measurement index based on the calculated
shear wave velocity ratio.

[0069] The display 330 may display an operating state
of the ultrasound diagnostic apparatus 300, an ultra-
sound image, a Ul, etc. For example, the display 330
may be constituted by a physical device including at least
one of a cathode ray tube (CRT) display, a liquid crystal
display (LCD), a plasma display panel (PDP) display, an
organic light-emitting display (OLED), a field emission
display (FED), a light-emitting diode (LED) display, a vac-
uum fluorescent display (VFD), a digital light processing
(DLP) display, a flat panel display (FPD), a three-dimen-
sional (3D) display, and a transparent display, but is not
limited thereto. According to an embodiment, the display
330 may be formed as a touch screen including a touch
interface. When the display 330 is formed as a touch
screen, the display 330 may be integrated with a user
input interface.

[0070] The display 330 may display information about
a reverberation detected by the processor 320. Accord-
ing to an embodiment, the display 330 may display infor-
mation about a detected reverberation via a Ul including
at least one of a phrase, a sentence, a symbol, and a
color.

[0071] According to an embodiment, the display 330
may display information about a detected reverberation,
together with an ultrasound image of an object. In this
case, the ultrasound diagnostic apparatus 300 may op-
erate in an elastic mode, and an ultrasound image may
be an elastic mode ultrasound image. For example, the
information about the detected reverberation may in-
clude a RMIL.
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[0072] Accordingtoan embodiment, the ultrasound di-
agnostic apparatus 300 may further include as its com-
ponent a speaker that outputs information about a de-
tected reverberation in the form of a sound including at
least one of a beep sound, a melody, and a voice.
[0073] Reference numeral 300 is hereinafter used to
collectively denote ultrasound diagnostic apparatuses
according to embodiments of the disclosure. However,
although reference numerals such as 100, 200a, 200b,
and 200c are used to represent the ultrasound diagnostic
apparatuses according to embodiments related to spe-
cific figures, other embodiments are not excluded, and it
will be understood by those of ordinary skill in the art that
features of an embodiment may also be applied to other
embodiments to which the features are applicable. A
method of operating the ultrasound diagnostic apparatus
300 will now be described with reference to FIG. 4.
[0074] FIG. 4 is a flowchart of a method, performed by
the ultrasound diagnostic apparatus 300, of detecting the
occurrence of a reverberation in an ROl and displaying
information about the reverberation, according to an em-
bodiment of the disclosure.

[0075] In operation S410, the ultrasound diagnostic
apparatus 300 induces a shear wave in an object by emit-
ting afocused ultrasound beam onto an ROI of the object.
Referring to FIGS. 3 and 4, the probe 310 may induce a
displacement in tissue of the object by emitting a focused
ultrasound beam onto the ROI of the object. In this case,
the focused ultrasound beam may include a pushing
pulse. A region of the ROl irradiated with a focused ul-
trasound beam is referred to as a focal point.

[0076] In operation S420, the ultrasound diagnostic
apparatus 300 obtains ultrasound images of the object
at a plurality of time points. When a focused ultrasound
beam is emitted onto the object via the probe 310, a dis-
placement of tissue of the object is induced at a focal
pointwhere the focused ultrasound beamis focused. The
focused ultrasound beam travels in a depth direction, and
the shear wave propagates in a direction that is perpen-
dicular to the displacement and in an axial direction, i.e.,
from a point where the displacement occurs to both sides
along an axis. Subsequently, the probe 310 transmits an
ultrasound signal such as a plane wave to the object, and
the processor 320 obtains shear wave images captured
at a plurality of time points by using an ultrasound echo
signal reflected from the object. For example, a shear
wave image may be obtained at a frame rate of several
thousand frames per second (fps) above 5,000 fps.
[0077] In operation S430, the ultrasound diagnostic
apparatus 300 respectively measures shear wave arrival
times at a plurality of measurement points within the ROI.
According to an embodiment, the ultrasound diagnostic
apparatus 300 may measure a time point when the mag-
nitude of a change in each of a plurality of tissue dis-
placements is maximum, the tissue displacements re-
spectively corresponding to the plurality of measurement
points that are at preset distances away from a focal
point, and determine the time point as a shear wave ar-
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rival time. Referring to the description with respect to FIG.
3, the processor 320 may calculate a displacement due
to movement of a sub-tissue in the object by comparing
each of a plurality of shear wave images with a reference
ultrasound image.

[0078] According to an embodiment, the ultrasound di-
agnostic apparatus 300 may differentiate tissue displace-
ments in a plurality of shear wave images with respect
to time, respectively calculates axial velocities with re-
spect to time for the differentiated tissue displacements,
and respectively determine time points when the calcu-
lated axial velocities are maximum as shear wave arrival
times at the plurality of measurement points.

[0079] In operation S440, the ultrasound diagnostic
apparatus 300 detects a reverberation based on the
measured shear wave arrival time. According to an em-
bodiment, the ultrasound diagnostic apparatus 300 may
determine an average of shear wave arrival times re-
spectively measured at the plurality of measurement
points as a first average shear wave arrival time, deter-
mine an average of differences as a second average
shear wave arrival time, each difference being between
shear wave arrival times at two adjacent points among
the plurality of measurement points, and detect the oc-
currence of a reverberation by comparing a preset
threshold with a value obtained by dividing the first av-
erage shear wave arrival time by the second average
shear wave arrival time. In this case, the ultrasound di-
agnostic apparatus 300 may detect the occurrence of a
reverberation when the first average shear wave arrival
time is greater than a preset reference time.

[0080] Accordingto anembodiment, the ultrasound di-
agnostic apparatus 300 may calculate a first shear wave
velocity by dividing an average of distances of the plu-
rality of measurement points by an average of shear wave
arrival times at the plurality of measurement points, cal-
culate a second shear wave velocity by dividing a dis-
tance between two adjacent points among the plurality
of measurement points by a difference between shear
wave arrival times respectively measured at the two ad-
jacent measurement points , and detect the occurrence
of a reverberation based on the first and second shear
wave velocities. In this case, the ultrasound diagnostic
apparatus 300 may divide a difference between the first
and second shear wave velocities by the first shear wave
velocity and detect the occurrence of a reverberation by
comparing the resulting ratio with a preset threshold. For
example, when the resulting ratio is greater than or equal
to 0.5, the ultrasound diagnostic apparatus 300 may de-
termine that the reverberation has occurred.

[0081] In operation S450, the ultrasound diagnostic
apparatus 300 may display information about the detect-
ed reverberation on the display 330. According to an em-
bodiment, the ultrasound diagnostic apparatus 300 may
display information about a detected reverberation via a
Ul including at least one of a phrase, a sentence, a sym-
bol, and a color. The ultrasound diagnostic apparatus
300 may display information about a detected reverber-
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ation, together with an ultrasound image of the object.
[0082] Although notillustrated as a separate operation
in FIG. 4, the ultrasound diagnostic apparatus 300 may
output information about the detected reverberation in
the form of a sound including atleast one of abeep sound,
a melody, and a voice.

[0083] In general, during ultrasound elastography im-
aging, a reverberation occurs when an ultrasound signal
transmitted to an object is reflected between surfaces of
the probe 310 and a tissue or between tissues. A rever-
beration may appear as a relatively bright blurry band in
an ultrasound image, e.g. a B-mode image. When elas-
ticity of an object having a thick fat layer, such as an
obese patient, is measured, a relatively severe reverber-
ation may occur due to reflections between a surface of
the probe and tissue or between tissues, or otherwise an
elasticity value may be accurately measured due to a
mild reverberation. When a reverberation occurs, the ac-
curacy of an RMI tends to be degraded, and thus, the
user is unable to obtain a reliable elasticity value.
[0084] According to the embodiments described with
reference to FIGS. 3 and 4, the ultrasound diagnostic
apparatus 300 may propagate a shear wave in an ROI
of the object, measure shear wave arrival times at a plu-
rality of measurement points, detect a reverberation
based on the shear wave arrival times, and display infor-
mation about the detected reverberation, thereby improv-
ing accuracy of elasticity measurement. Furthermore, the
ultrasound diagnostic apparatus 300 may display infor-
mation of reverberation together with an ultrasound im-
age, such that, when a reverberation occurs, the user
may manipulate the probe 310 to prevent a severe re-
verberation or may move an ROI to a region of mild re-
verberation, thereby facilitating elasticity measurement
and increasing user convenience.

[0085] FIG. 5 is a diagram for explaining a method,
performed by the ultrasound diagnostic apparatus 300,
of inducing a displacement in a tissue within an ROl and
calculating the displacement, according to an embodi-
ment of the disclosure. FIG. 6 is a flowchart of a method,
performed by the ultrasound diagnostic apparatus 300,
of measuring a shear wave arrival time from a tissue dis-
placement within an ROI, according to an embodiment
of the disclosure. A method of operating the ultrasound
diagnostic apparatus 300 will now be described in detail
with reference to FIGS. 5 and 6.

[0086] Referring to FIGS. 5 and 6, the ultrasound di-
agnostic apparatus 300 transmits a first ultrasound signal
512 to an ROI of the object as a reference pulse and
receives a first ultrasound echo signal 514 reflected in
response to the first ultrasound signal 512. Furthermore,
the ultrasound diagnostic apparatus 300 generates aref-
erence ultrasound image 510 of the ROI based on the
received first ultrasound echo signal 514 (operation
S610).

[0087] According to an embodiment, as the ultrasound
diagnostic apparatus 300 receives the first ultrasound
echo signal 514, the processor (320 of FIG. 3) may gen-
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erate the reference ultrasound image 510 of the ROI
based on the first ultrasound echo signal 514. The refer-
ence ultrasound image 510 may be an image showing a
position of tissue before a force is applied to the ROI.
The reference ultrasound image 510 may be a B-mode
or M-mode image of the ROI.

[0088] In operation S620, the ultrasound diagnostic
apparatus 300 transmits via the probe 310 a second ul-
trasound signal 530 to a focal point 520 within the ROI
as a pushing pulse and propagates a shear wave 532
due to a displacement generated in a tissue within the
ROI. The second ultrasound signal 530 may be a focused
ultrasound beam.

[0089] As the second ultrasound signal 530 is trans-
mitted to the focal point 520 within the ROI, the shear
wave 532 may be generated in the tissue located in the
ROI. For example, a focused ultrasound beam transmit-
ted to the ROI in a Z-axis direction may push a tissue in
adirection of an ultrasound pulse (an axial direction), i.e.,
in an X-axis direction. Movement of the tissue located at
the focal point 520 in the axial direction may cause an
adjacent tissue to move in the X-axis (axial) direction. As
the tissue adjacent to the focal point 520 moves in the
same direction, the movement may be propagated se-
quentially to a tissue adjacent to the moving tissue. In
this case, a force of an ultrasound pulse that moves the
tissue may be referred to an acoustic force.

[0090] As movement is propagated to an adjacent tis-
sue, an acoustic force applied to the focal point 520 may
create a wave that propagates away from the focal point
520 as apointofan origin in a direction (a lateral direction)
orthogonal to a direction of an ultrasound pulse. A wave
propagating in a direction orthogonal to the direction of
the ultrasound pulse may be referred to as the shear
wave 532.

[0091] A propagation velocity of the shear wave 532
may be determined according to stiffness, Young’s mod-
ulus, or shear modulus of tissue. For example, the prop-
agation velocity of the shear wave 532 may vary from 1
to 10 m/s depending on the stiffness of tissue. Further-
more, the greater the stiffness of tissue, the higher the
propagation velocity of the shear wave 532 in the tissue.
[0092] Furthermore, a relationship between the prop-
agation velocity of the shear wave 532 through the tissue
and the stiffness of tissue may be shown in an equation
below.

G=px C?

[0093] In this regard, G is tissue stiffness, p is tissue
density, and C is the propagation velocity of the shear
wave 532. Tissue density p may be considered as a con-
stant value in the ROl and may be usually a known value.
Accordingly, tissue stiffness indicating the rigidity of tis-
sue may be detected as a quantitative value by measur-
ing the propagation velocity of the shear wave 532
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through the tissue.

[0094] The shearwave 532 may be detected by meas-
uring a displacement of the tissue in the direction of an
ultrasound pulse (an axial direction). The displacement
ofthe tissue may be adistance by which the tissue moves
in the axial direction with respect to the reference ultra-
sound image 510. Furthermore, the propagation velocity
of the shear wave 532 through a sub-tissue in the ROI
may be calculated based on a time point when displace-
ments of the sub-tissue and tissue surrounding the sub-
tissue are maximum.

[0095] In operation S630, the ultrasound diagnostic
apparatus 300 transmits, as a tracking pulse, a third ul-
trasound signal 540 to the ROI in which the shear wave
532 propagates and receives a third ultrasound echo
pulse 562. Referring to FIG. 5, to detect a displacement
of tissue generated by an acoustic force, the processor
320 may transmit the third ultrasound signal 540 to the
ROIL. In this case, to more accurately measure the prop-
agation velocity of the shear wave 532, the processor
320 may transmit a plane wave to the ROI as the third
ultrasound signal 540. When the plane wave is transmit-
ted as the third ultrasound signal 540, the ultrasound di-
agnostic apparatus 300 may capture the shear wave 532
at a frame rate of several thousand fps.

[0096] After transmission to the tissue, the third ultra-
sound signal 540 may be scattered by a scatter 560 in a
tissue within the ROI. The third ultrasound signal 540
scattered by the scatter 560 may be reflected to the probe
310.Inthis case, the third ultrasound signal 540 scattered
by the scatter 560 may be referred to as the third ultra-
sound echo pulse 562.

[0097] In operation S640, the ultrasound diagnostic
apparatus 300 generates a shear wave image 550 of the
ROI based on the received third ultrasound echo pulse
562. As the third ultrasound echo pulse 562 is received,
the processor 320 may generate an ultrasound image of
the ROI. An image including a shear wave among ultra-
sound images generated based on the third ultrasound
echo pulse 562 may be referred to as the shear wave
image 550. When a plane wave is transmitted as the third
ultrasound signal 540, the processor 320 may generate
the shear wave image 550 at a frame rate of several
thousand fps.

[0098] In operation S650, the ultrasound diagnostic
apparatus 300 detects a tissue displacement in the ROI
by comparing the shear wave image 550 with the refer-
ence ultrasound image 510. According to an embodi-
ment, the processor 320 may respectively down shift the
reference ultrasound image 510 and the shear wave im-
age 550 to baseband and convert the result into demod-
ulated data. In this case, the processor 320 may include
a computation module for calculating a phase difference
between the reference ultrasound image 510 and the
shear wave image 550 based on the demodulated data
and determining a displacement of tissue by converting
the calculated phase difference into a distance by which
tissue moves in the ROI. According to another embodi-
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ment, the processor 320 may interpolate the reference
ultrasound image 510 and the shear wave image 550
and then detect a plurality of tissue displacements by
calculating via cross-correlation a time delay in a scan
line centered about a position of each axis.

[0099] In operation S660, the ultrasound diagnostic
apparatus 300 measures a shear wave arrival time from
the detected tissue displacement. According to an em-
bodiment, the processor 320 may measure shear wave
arrival times from displacements of a plurality of tissues
respectively positioned at a plurality of measurement
points that are at preset distances from the focal point
520 in the axial direction. In this case, the processor 320
may determine a time point when the magnitude of a
change in each of a plurality of tissue displacements is
maximum as a shear wave arrival time. To achieve this,
the processor 320 may differentiate a plurality of detected
tissue displacements with respect to time, respectively
calculate axial velocities with respect to time for the dif-
ferentiated tissue displacements, and respectively deter-
mine time points when the calculated axial velocities
reach their maximum values as shear wave arrival times.
However, a method of measuring a shear wave arrival
time is not limited to the above-described method.
[0100] According to another embodiment, the proces-
sor 320 measure ashear wave arrival time by calculating,
via cross-correlation, a time delay between a displace-
ment signal according to the changes over time at a
measurement point where the shear wave arrival time is
to be measured and a displacement signal at another
measurement point that is adjacent to the measurement
point or a position where a shear wave is initially gener-
ated.

[0101] FIG. 7Ais a graphical representation of coordi-
nates for locations of a plurality of scan lines in an ROI
and a focusing direction of a focused ultrasound beam
applied to the ROI in a depth direction.

[0102] Referring to FIG. 7A, the probe 310 may trans-
mit a focused ultrasound beam including a pushing pulse
to an ROI of an object in a depth (Z-axis) direction for a
preset time period. In this case, a shear wave may prop-
agate in an axial (X-axis) direction due to a displacement
caused by movement of tissue in the ROI. The shear
wave propagates away from a focal point where a fo-
cused ultrasound beam is transmitted in both X-axis di-
rections. However, for convenience of explanation, only
the positive X-axis direction (+X direction) is shown in
FIG. 7A while the negative X-axis direction (-X direction)
is not shown.

[0103] A plurality of scan lines x4, Xo, X3, X4, and Xs)
are arranged in the ROI such that they are respectively
spaced apart by preset distances from an ultrasound fo-
cal point O in an axial (X-axis) direction. The plurality of
scan lines x4, Xy, X3, X4, and x5 may each extend in the
depth (Z-axis) direction.

[0104] A first scan line x; may be spaced apart by a
first distance d4 from the ultrasound focal point O. For
example, thefirstdistance d; may be 5 mm. Thisis merely
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an example of a numerical value, and the first distance
d, is not limited thereto. The plurality of scan lines x4, X,,
X3, X4, and xg are spaced apart from one another by a
second distance d,. For example, the second distance
d, that is the distance between the first and second scan
lines x4 and x, may be 1.44 mm. This is merely an ex-
ample of a numerical value, and the second distance d,
is not limited thereto.

[0105] The plurality of scan lines x4, X5, X3, X4, and Xg
may respectively include a plurality of measurement
points arranged at a specific depth value in the axial (X-
axis) direction. According to an embodiment, the ultra-
sound diagnostic apparatus 300 may measure shear
wave arrival times from displacements of a plurality of
tissues respectively corresponding to the plurality of
measurement points in the ROI. Measurement of a shear
wave arrival time will now be described in detail with ref-
erence to FIG. 7B.

[0106] FIG. 7B is a diagram for explaining a method,
performed by the ultrasound diagnostic apparatus 300,
of calculating a shear wave propagation velocity at a plu-
rality of measurement points within an ROI, according to
an embodiment of the disclosure.

[0107] Referring to FIG. 7B, the processor 320 of the
ultrasound diagnostic apparatus 300 may detect a dis-
placement of an ROl based on a displacement of tissue
generated by an acoustic force and measure a shear
wave arrival time based on the detected displacement.
A shear wave 740 may propagate in an axial direction
based on a displacement of tissue. According to an em-
bodiment, the processor 320 may compare shear wave
images 730 with a reference ultrasound image 720 to
calculate displacements of a plurality of sub-tissues 711
through 715 of the tissue within an ROI, which are re-
spectively arranged at locations corresponding to a plu-
rality of scan lines x4, X, X3, X4, and Xs.

[0108] For example, the processor 320 may detect,
based on cross-correlation, a position to which a first sub-
tissue 711 in the reference ultrasound image 720 moves,
in a first shear wave image 731. The first sub-tissue 711
may be a sub-tissue located in a region of the tissue
within the ROl where the first scan line x, is arranged.
The processor 320 may calculate a displacement of the
first sub-tissue 711 in the axial direction via the first scan
line x4. The processor 320 may detect, based on the cal-
culated displacement, a time point when the displace-
ment of the first sub-tissue 711 is maximum. The proc-
essor 320 may determine the time point t; when the dis-
placement of the first sub-tissue 711 is maximum as a
time when the shear wave 740 arrives at the first sub-
tissue 711. Inthis case, the processor 320 may determine
the time point t; when the displacement of the first sub-
tissue 711 is maximum as a shear wave arrival time t,
for the first scan line x;.

[0109] In the same manner as in the above-described
method, the processor 320 may measure, in a plurality
of shear wave images 731 through 735, time points t;
through t5 when shear waves respectively arrive at the
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plurality of sub-tissues 711 through 715 and determine
the shear wave arrival times for the plurality of scan lines
x4 through x5 based on the time points t; through ts.
[0110] FIG. 7C is a graph illustrating a relationship be-
tween a shear wave arrival time and a tissue displace-
ment measured by the ultrasound diagnostic apparatus
300 at each of a plurality of measurement points, accord-
ing to an embodiment of the disclosure.

[0111] Referring to FIGS. 7B and 7C, a displacement
of the first sub-tissue 711 reaches a maximum value at
the time point t;, and thus the time point t, is determined
as a first shear wave arrival time that is a shear wave
arrival time point for the first scan line x;. Similarly, a
displacement of a second sub-tissue 712 reaches a max-
imum value at the time point t,, and thus the time point
t, is determined as a second shear wave arrival time that
is a shear wave arrival time point for the second scan
line x,.

[0112] Referring to FIGS. 7A through 7C, the proces-
sor 320 may calculate a velocity of the shear wave 740
based on the first distance d4 by which each of the plu-
rality of scan lines x4 through x5 is spaced apart from the
focal point O and the second distance d, that is the dis-
tance between adjacent ones of the plurality of scan lines
x4 through x5. This will be described in detail below with
reference to FIGS. 9 and 10.

[0113] FIG. 8is aflowchart of a method, performed by
the ultrasound diagnostic apparatus 300, of detecting the
occurrence of a reverberation based on shear wave ar-
rival times at a plurality of measurement points within an
ROI, according to an embodiment of the disclosure.
[0114] In operation S810, the ultrasound diagnostic
apparatus 300 determines an average of shear wave ar-
rival times respectively measured at a plurality of meas-
urement points as a firstaverage shearwave arrivalt,, 4.
According to an embodiment, the ultrasound diagnostic
apparatus 300 may calculate the first average shear
wave arrival time t,,4¢ by adding all time points when
displacements of sub-tissues respectively detected at a
plurality of measurement points are maximum and then
dividing the resulting sum by the number n of measure-
ment points, according to an equation below.

7
Ik
k=1
1

tavgl =

[0115] Referring to FIGS. 7A through 7C, the ultra-
sound diagnostic apparatus 300 may calculate the first
average shear wave arrival time t, 44 by adding all the
time points, i. e., the first through fifth shear wave arrival
times t4 through t5, when the displacements of sub-tis-
sues respectively detected at the plurality of measure-
ment points reach their maximum values, the measure-
ment points separated in the axial direction at the same
depth of the plurality of scan lines x; through x; along
the depth direction, and dividing the resulting sum by 5
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that is the number of measurement points.

[0116] In operation S820, the ultrasound diagnostic
apparatus 300 determines an average of differences as
a second average shear wave arrival time t,,4,, €ach
difference being between shear wave arrival times at two
adjacent points among the plurality of measurement
points. According to an embodiment, the ultrasound di-
agnostic apparatus 300 may calculate the second aver-
age shear wave arrival time t,,4» by adding all the differ-
ences between shear wave arrival times at two adjacent
points among the plurality of measurement points and
dividing the resulting sum by the number of pairs of two
adjacent measurement points, i.e., n-1, according to an
equation below.

n-1
I3

=1

n-1

k+1'tk

-

tang =

[0117] Referring to FIGS. 7A through 7C, the ultra-
sound diagnostic apparatus 300 may calculate the sec-
ond average shear wave arrival time t,, 4> by performing
an operation of adding all the differences between shear
wave arrival times at two adjacent points among the plu-
rality of measurement points, e.g., a difference t,- t; be-
tween the second and first shear wave arrival times t,
and t,, a difference t5- t, between the third and second
shear wave arrival times t; and t,, ..., and a difference
ts- t, between the fifth and fourth shear wave arrival times
t; and t, and then dividing the resulting sum by the
number of pairs of two adjacent measurement points,
i.e., 4 (5-1)

[0118] In operation S830, the ultrasound diagnostic
apparatus 300 calculates a shear wave arrival time ratio
t-atio DY dividing the first shear wave arrival time t, 4 by
the second shear wave arrival time t . In an embodi-
ment, the shear wave arrival time ratio t,;;, may be cal-
culated according to an equation below.

tavgl

ratio
tang

[0119] In operation S840, the ultrasound diagnostic
apparatus 300 compares the shear wave arrival time ratio
t.atic With a preset threshold o. In this case, a value of the
threshold a may be an arbitrary value set according to
the type, specification, etc., of the ultrasound diagnostic
apparatus 300. According to an embodiment, the value
of the threshold a. may be set based on a user input.
[0120] For example, the value of the threshold o may
be 20. However, the value of the threshold a. is not limited
to the above values.

[0121] When the shear wave arrival time ratio t,, is
greater than the value of the threshold o in operation
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S840, the ultrasound diagnostic apparatus 300 detects
a reverberation (operation S850). According to an em-
bodiment, when it is determined that the shear wave ar-
rival time ratio t,;, is greater than the value of the thresh-
old, the ultrasound diagnostic apparatus 300 may deter-
mine that a reverberation has occurred due to a fat layer,
etc., in an ROI.

[0122] When the shear wave arrival time ratio t.;, is
less than the threshold «, the ultrasound diagnostic ap-
paratus 300 does not detect a reverberation (operation
S860). According to an embodiment, in a case where the
shear wave arrival time ratio t,;, is less than the thresh-
old o, the ultrasound diagnostic apparatus 300 may de-
termine this case as an elastic environment in which a
reverberation does not occur.

[0123] Although FIG. 8 illustrates an embodiment in
which the ultrasound diagnostic apparatus 300 detects
a reverberation according to a ratio between an average
value t, 4 of the shear wave arrival times at the plurality
of measurement points and the average value t,,q, Of
the differences between two adjacent points among the
measurement points, embodiments of the disclosure are
not limited thereto. According to another embodiment,
when the first average shear wave arrival time t, 4 is
greater than a preset threshold 3, the ultrasound diag-
nostic apparatus 300 may detect a reverberation. In this
case, the threshold p may be an arbitrary value that varies
according to a frame rate of the shear wave images (730
of FIG. 7B).

[0124] Although not shown in FIG. 8, the ultrasound
diagnostic apparatus 300 may detect a reverberation by
comparing the first average shear wave arrival time t, 44
with @ minimum value of the differences between two
adjacent points among the measurement points. Accord-
ing to another embodiment, the ultrasound diagnostic ap-
paratus 300 may detect a reverberation by comparing
the first average shear wave arrival time t,, 41 with a max-
imum value of the differences between two adjacent
points among the measurement points. According to an-
other embodiment, the ultrasound diagnostic apparatus
300 may detect a reverberation by comparing the shear
wave arrivaltime t; ata measurement point thatis closest
to an ultrasound beam’s focal point (the first scan line x;
of FIG. 7A) with a preset threshold £.

[0125] FIG. 9 illustrates first and second wave front
graphs 910 and 920 of shear wave arrival times respec-
tively measured by the ultrasound diagnostic apparatus
at a plurality of measurement points, according to an em-
bodiment of the disclosure.

[0126] The firstand second wave front graphs 910 and
920 of FIG. 9 respectively show shear wave arrival times
with respect to a depth value of the scan lines x4 through
x5 extending in a depth (Z-axis) direction and being sep-
arated from one another in an axial direction. The first
and second wave front graphs 910 and 920 respectively
show shearwave arrival times when a reverberation does
not occur and when the reverberation occurs. The first
and second wave front graphs 910 and 920 illustrate a
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case in which a shear wave image is captured at 6,250
fps. However, values respectively indicated on the first
and second wave front graphs 910 and 920 are merely
examples, and embodiments of the disclosure are not
limited to the case in which a shear wave image is cap-
tured and obtained at 6,250 fps.

[0127] The first wave front graph 910 illustrates shear
wave arrival times at measurement points when a depth
value of the plurality of scan lines x, through x5 is 63 mm.
For example, first through fifth shear wave arrival times
t; through t; may be about 5.44 ms, 6.72 ms, 8.32 ms,
9.28 ms, and 10.88 ms, respectively. The above values
are all exemplary.

[0128] Referring to FIGS. 8 and 9, the ultrasound di-
agnostic apparatus 300 may calculate a first average
shear wave arrival t, 44 by adding all the first through fifth
shear wave arrival times t; through ts in the first wave
front graph 910 and dividing the resulting sum by 5 (op-
eration S810). In this case, a value of the first average
shear wave arrival time t, 41 may be calculated as
(5.44+6.72+8.32+9.28+10.88)/5 = 8.128 ms.

[0129] Furthermore, the ultrasound diagnostic appa-
ratus 300 may determine a second average shear wave
arrival time t,, 4, by calculating an average of differences
between shear wave arrival times at two adjacent points
among the measurement points (operation S820). The
sum of a difference between the second and first shear
wave arrival times t, and t4 through a difference between
the fifth and fourth shear wave arrival times t5 and t, is
5.44 ms in the first wave front graph 910, and the second
average shear wave arrival time t,,4, may be calculated
as 1. 36 ms by dividing 5.44 ms by 4.

[0130] In the first wave front graph 910, a shear wave
arrival time ratio t,,;, may be calculated as 5.976. The
ultrasound diagnostic apparatus 300 may compare the
shear wave arrival time ratio t,;;, with the preset thresh-
old o (operation S840). According to an embodiment,
because a value of the threshold « is 20, the ultrasound
diagnostic apparatus 300 does not detect a reverberation
by using values from the first wave front graph 910 (op-
eration S850).

[0131] The second wave front graph 920 illustrates
shear wave arrival times at measurement points when a
depth value of the plurality of scan lines x through x5 is
72 mm. It can be seen that shear wave arrival times in
the second wave front graph 920 are arranged at rela-
tively narrow intervals along the axial (X-axis) direction,
as compared to those in the first wave front graph 910.
For example, first through fifth shear wave arrival times
t4 through tg may be about 9.92 ms, 10.56 ms, 10.88 ms,
11.22 ms, and 11.84 ms, respectively. The above values
are all exemplary.

[0132] Similarly, referring to FIGS. 8 and 9, the ultra-
sound diagnostic apparatus 300 may calculate a first av-
erage shear wave arrival t;,41 by adding all the first
through fifth shear wave arrival times t, through tg in the
second wave front graph 920 and dividing the resulting
sum by 5 (operation S810). In the second wave front
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graph 920, a value of the first average shear wave arrival
time tavg1 may be calculated as
(9.92+10.56+10.88+11.22+11.84)/5 = 10.884 ms.
[0133] Furthermore, the ultrasound diagnostic appa-
ratus 300 may determine a second average shear wave
arrival time t,, 4, in the second wave front graph 920 (op-
eration S820). The sum of a difference between the sec-
ond and first shear wave arrival times t, and t; through
a difference between the fifth and fourth shear wave ar-
rival times t5 and t4 is 1.92 ms in the second wave front
graph 920, and the second average shear wave arrival
time t,, 5>, may be calculated as 0.48 ms by dividing 1.92
ms by 4.

[0134] In the second wave front graph 920, a shear
wave arrival time ratio t.;, may be calculated as 22.675.
The ultrasound diagnostic apparatus 300 may compare
the shear wave arrival time ratio t;, with the preset
threshold a (operation S840). According to an embodi-
ment, because a value of the threshold a is 20, the ul-
trasound diagnostic apparatus 300 detects a reverbera-
tion by using values from the second wave front graph
920 (operation S850).

[0135] FIG. 10 is a flowchart of a method, performed
by the ultrasound diagnostic apparatus 300, of detecting
the occurrence of areverberation based on a shear wave
velocity calculated at a plurality of measurement points
within an ROI, according to an embodiment of the dis-
closure.

[0136] In operation S1010, the ultrasound diagnostic
apparatus 300 calculates a first shear wave velocity swv,
by using an average of distances of a plurality of meas-
urement points from a focal point and an average of shear
wave arrival times respectively measured at the plurality
of measurement points. According to an embodiment,
the ultrasound diagnostic apparatus 300 may calculate
the first shear wave velocity swv, by using an equation
below.

b
2%,
k=

—

M= x
N‘H

k

Il
—_

Iz

[0137] Referring to FIGS. 7A and 10, a distance from
the focal point O to the first scan line x; may be 5 mm.
Furthermore, a distance between two adjacent scan lines
may be 1.44 mm. However, the above values are exem-
plary. In this case, an average distance of the plurality of
measurement points may be calculated as
(5+6.44+7.88+9.32+10.76)/5=7.88 mm.

[0138] Referring to FIGS. 9 and 10, the first average
shear wave arrival time is 8.128 ms in the first wave front
graph 910, and thus, the first shear wave velocity swv,
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may be calculated as 0.969 m/s. However, the above
values are exemplary. The second average shear wave
arrival time t,, > is 10.884 ms in the second wave front
graph 920, and thus, the first shear wave velocity swv,
may be calculated as 0.72 m/s.

[0139] In operation S1020, the ultrasound diagnostic
apparatus 300 calculates a second shear wave velocity
swv, by using a distance between two adjacent points
among the plurality of measurement points and a differ-
ence between shear wave arrival times respectively
measured at the two adjacent measurement points. Ac-
cording to an embodiment, the ultrasound diagnostic ap-
paratus 300 may calculate the second shear wave ve-
locity swv, by using a distance between two arbitrary
adjacent ones of the plurality of measurement points and
adifference between shear wave arrival times, according
to an equation below.

X -x
SWV2= 7 n-1
t -1

n “n-1
[0140] According to another embodiment, the ultra-
sound diagnostic apparatus 300 may calculate a plurality
of shear wave velocities by using a distance between two
adjacent points among the plurality of measurement
points and a difference between shear wave arrival times
and determine an average of the shear wave velocities
as the second shear wave velocity swv,.
[0141] Referring to FIGS. 9 and 10, a difference be-
tween the second and first shear wave arrival times t,
and t, is 1.28 ms as seen in the first wave front graph
910, and thus, the second shear wave velocity swv,.may
be calculated as 1.44mm/1.28ms=1.125m/s. Similarly, a
difference between the second and first shear wave ar-
rival times t, and t; is 0.64 ms as seen in the second
wave front graph 920, and thus, the second shear wave
velocity SWV, may be calculated as
1.44mm/0.64ms=2.25m/s. The above values are all ex-
emplary.
[0142] In operation S1030, the ultrasound diagnostic
apparatus 300 calculates a shear wave velocity ratio
swv and compares the shear wave velocity ratio
SWV 4o With a preset threshold y. According to an em-
bodiment, the ultrasound diagnostic apparatus 300 may
calculate a shear wave velocity ratio swv,;;, by dividing
a difference between the second and first shear wave
velocities swv, and swv, by the first shear wave velocity
swv,, according to an equation below.

ratio

SWV _ -SWV

2 1
Swvran’o:
SVVV1

[0143] A value of the threshold y may be an arbitrary
value set according to the type, specification, etc., of the
ultrasound diagnostic apparatus 300. According to an
embodiment, the value of the threshold y may be set
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based on a user input.

[0144] For example, the value of the threshold y may
be 0.5. However, the value of the threshold y is not limited
to the above values.

[0145] When the shear wave velocity ratio swv, 4, is
greater than the threshold y in operation S1030, the ul-
trasound diagnostic apparatus 300 detects a reverbera-
tion (operation S1040). According to an embodiment,
when the shear wave velocity ratio swv,;, calculated in
operation S1030 is greater than 0.5, the ultrasound di-
agnostic apparatus 300 may detect the occurrence of a
reverberation.

[0146] Referring to FIGS. 9 and 10, in the first wave
front graph 910, the shear wave velocity ratio swv, 4,
may be calculated as(1.125-0.969) / 0.969=0.16. Be-
cause the calculated shear wave velocity ratio swv ;. is
less than 0.5 in the first wave front graph 910, the ultra-
sound diagnostic apparatus 300 does not detect a rever-
beration.

[0147] In the second wave front graph 920, the shear
wave velocity ratio swv,g, may be calculated as
2.25-0.72)/0.72=2.125. Because the calculated shear
wave velocity ratio swv, ., is greater than 0.5 in the sec-
ond wave front graph 920, the ultrasound diagnostic ap-
paratus 300 detects a reverberation.

[0148] FIGS. 11A and 11B are graphs for explaining a
method, performed by the ultrasound diagnostic appa-
ratus 300, of determining a value of a RMI based on a
shear wave velocity ratio, according to an embodiment
of the disclosure.

[0149] ReferringtoFIG. 11A, the ultrasound diagnostic
apparatus 300 may calculate a shear wave velocity ratio
and determine a RMI based on the calculated shear wave
velocity ratio. A RMl is an index value indicating the qual-
ity of a shear wave elastography image and may be re-
placed with a reliability index (RI) or cost function.
[0150] According to an embodiment, when a shear
wave velocity ratio has a value that is greater than or
equal to 0 but less than 0.5, the ultrasound diagnostic
apparatus 300 may determine a value of RMIto be 1. In
this case, the reliability is 100% which means that a re-
verberation does not occur. When the shear wave veloc-
ity ratio has a value thatis greater than 0.5, the ultrasound
diagnostic apparatus 300 may determine a value of RMI
to be 0. In this case, the reliability is 0%, which means
that a reverberation has occurred.

[0151] Referring to FIG. 11B, when a shear wave ve-
locity ratio has a value that is greater than or equal to 0
but less than 0.5, the ultrasound diagnostic apparatus
300 may determine a value of RMI to be 1, like in FIG.
11A. However, when the shear wave velocity ratio has a
value that is greater than or equal to 0.5 but less than 1,
the ultrasound diagnostic apparatus 300 may determine
a value of RMI according to an equation below.

RMI = -2 X SWVpaiio + 2



27 EP 3 603 527 A1 28

[0152] Forexample, when acalculated shear wave ve-
locity ratio is 0.7, the ultrasound diagnostic apparatus
300 may determine a value of RMI to be 0.6. In this case,
the reliability of shear wave elastography imaging may
be expected to be 60%. Furthermore, the ultrasound di-
agnostic apparatus 300 may detect that a case in which
the shear wave velocity ratio is 0.5 or more is an envi-
ronment in which a reverberation has occurred.

[0153] When the shear wave velocity ratio is greater
than or equal to 1, the ultrasound diagnostic apparatus
300 may determine a value of RMI to be 0.

[0154] FIGS. 12A and 12B are diagrams for explaining
a method, performed by the ultrasound diagnostic appa-
ratus 300, of displaying information about a detected re-
verberation on the display 330, according to an embod-
iment of the disclosure.

[0155] Referringto FIG. 12A, the ultrasound diagnostic
apparatus 300 may display on the display 330 an ROI
interface 1220 and a reverberation information interface
1230, together with an ultrasound image 1210 of an ob-
ject. According to an embodiment, the ultrasound image
1210 may be a B-mode image of the object. The ROI
interface 1220 is displayed in the ultrasound image 1210
andis a Ulindicating a position of an ROl set in the object.
[0156] The reverberation information interface 1230
may be displayed together with an interface for displaying
an elasticity value and a depth value together with a RMI.
According to an embodiment, the reverberation informa-
tion interface 1230 may be displayed in a different color
according to a value of RMI. For example, the reverber-
ation information interface may be respectively shown in
red, green, and blue colors when the value of RMI is 0,
0.5, and 1, respectively.

[0157] Although not shown in FIGS. 12A and 12B, ac-
cording to an embodiment, the reverberation information
interface 1230 may display a value of RMI as a percent-
age (%). For example, when the value of RMI is 0.6, the
reverberation information interface 1230 may display the
value of RMI as 60% after conversion into a percentage.
[0158] Referringto FIG. 12B, the ultrasound diagnostic
apparatus 300 may display on the display 330 an ROI
interface 1220 and a reverberation information interface
1240 , together with an ultrasound image 1210 of an ob-
ject. The reverberation information interface 1240 may
display reverberation information as at least one of a
phrase, a sentence, a symbol. For example, when a re-
verberation is detected, the reverberation information in-
terface 1240 may display reverberation information as a
phrase or sentence such as "Reverb" or "Reverberation
detected". Furthermore, when the reverberation is de-
tected, the reverberation information interface 1240 may
display a symbol such as "@".

[0159] Accordingtoan embodiment, the ultrasound di-
agnostic apparatus 300 may provide reverberation infor-
mation via a Ul in the form of a sound including at least
one ofabeep sound, a melody, and a voice. Forexample,
the ultrasound diagnostic apparatus 300 may guide the
user through a voice saying "Reverberation Detected" or
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notify the user of reverberation by making a beeping
sound "beep-beep".

[0160] In the embodiments shown in FIGS. 12A and
12b, the ultrasound diagnostic apparatus 300 may dis-
play information about a detected reverberation together
with the ultrasound image 1210 of the object, thereby
allowing the user to more easily and conveniently detect
the occurrence of the reverberation and thus improving
user convenience.

[0161] The embodiments of the disclosure may be im-
plemented as a software program including instructions
stored in computer-readable storage media.

[0162] A computer may refer to a device capable of
retrieving instructions stored in the computer-readable
storage media and performing operations according to
embodiments in response to the retrieved instructions,
and may include ultrasound diagnostic apparatuses 300
according to the embodiments.

[0163] The computer-readable storage media may be
provided in the form of non-transitory storage media. In
this case, the term ’'non-transitory’ only means that the
storage media do not include signals and are tangible,
and the term does not distinguish between data that is
semi-permanently stored and data that is temporarily
stored in the storage media.

[0164] In addition, the ultrasound diagnostic appara-
tuses 300 or methods according to embodiments may
be included in a computer program product when provid-
ed. The computer program product may be traded, as a
commodity, between a seller and a buyer.

[0165] The computer program product may include a
software program and a computer-readable storage me-
dium having stored thereon the software program. For
example, the computer program product may include a
product (e.g. a downloadable application) in the form of
a software program electronically distributed by a man-
ufacturer of an ultrasound diagnostic apparatus or
through an electronic market (e.g., Google Play Store™,
and App Store™). For such electronic distribution, at
least a part of the software program may be stored on
the storage medium or may be temporarily generated. In
this case, the storage medium may be a storage medium
of a server of the manufacturer, a server of the electronic
market, or a relay server for temporarily storing the soft-
ware program.

[0166] Inasystem consisting of a server and aterminal
(e.g., an ultrasound diagnostic apparatus), the computer
program product may include a storage medium of the
server or a storage medium of the terminal. Alternatively,
in a case where a third device (e.g., a smartphone) is
connected to the server or terminal through a communi-
cation network, the computer program product may in-
clude a storage medium of the third device. Alternatively,
the computer program product may include a software
program itself that is transmitted from the server to the
terminal or the third device or that is transmitted from the
third device to the terminal.

[0167] Inthis case, one of the server, the terminal, and
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the third device may execute the computer program prod-
uct to perform methods according to embodiments of the
disclosure. Alternatively, two or more of the server, the
terminal, and the third device may execute the computer
program product to perform the methods according to
the embodiments in a distributed manner.

[0168] For example, the server (e.g., a cloud server,
an artificial intelligence server, or the like) may run the
computer program product stored therein to control the
terminal communicating with the server to perform the
methods according to the embodiments of the disclosure.
[0169] As another example, the third device may exe-
cute the computer program productto control the terminal
communicating with the third device to perform the meth-
ods according to the embodiments. As a specific exam-
ple, the third device may remotely control the ultrasound
diagnostic apparatus 300 to transmit ultrasound signals
to the object and generate an image of an inner area of
the object based on information about signals reflected
from the object.

[0170] As another example, the third device may exe-
cute the computer program product to directly perform
the methods according to the embodiments based on a
value received from an auxiliary device (e.g., a probe of
amedical apparatus). As a specific example, the auxiliary
device may transmit an ultrasound signal to an object
and acquire an ultrasound signal reflected from the ob-
ject. The third device may receive information about the
reflected signal from the auxiliary device and generate
an image of an inner area of the object based on the
received information.

[0171] In a case where the third device executes the
computer program product, the third device may down-
load the computer program product from the server and
execute the downloaded computer program product. Al-
ternatively, the third device may execute the computer
program product that is pre-loaded therein to perform the
methods according to the embodiments of the disclosure.
[0172] Furthermore, while the embodiments of the dis-
closure have been illustrated and described above, the
disclosure is not limited to the above-described specific
embodiments, various modifications may be made there-
in by those of ordinary skill in the technical field to which
the present disclosure pertains without departing from
the gist of the disclosure that are claimed in the claims,
and these modifications should not be understood indi-
vidually from the technical spirit or perspective of the dis-
closure.

Claims
1. A method of processing shear wave elastography
data with respect to an object by using an ultrasound

diagnostic apparatus, the method comprising:

inducing a shear wave in a region of interest of
the object by emitting a focused ultrasound
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beam onto the region of interest of the object;
obtaining ultrasound images of the object in
which the shear wave is induced, respectively
at a plurality of time points;

measuring, by using the ultrasound images,
shear wave arrival times respectively at a plu-
rality of measurement points that are separated
by preset distances from a focal point where the
focused ultrasound beam is focused;

detecting a reverberationin the region of interest
based on the measured shear wave arrival
times; and

displaying information about the detected rever-
beration.

2. The method of claim 1,
before the emitting of the focused ultrasound beam,
further comprising transmitting a first ultrasound sig-
nal to the object and generating a reference ultra-
sound image by using an ultrasound echo signal re-
flected from the object,
wherein the obtaining of the ultrasound images com-
prises transmitting a second ultrasound signal to the
object in which the shear wave is induced and re-
spectively obtaining a plurality of shear wave images
at the plurality of time points by using an ultrasound
echo signal reflected from the object.

3. The method of claim 1, wherein
the measuring of the shear wave arrival times com-
prises:

calculating a plurality of time points when dis-
placements of tissues of the object respectively
positioned at the plurality of measurement
points respectively reach maximum values by
comparing each of the plurality of shear wave
images with the reference ultrasound image;
and

respectively determining the calculated plurality
of time points as the shear wave arrival times at
the plurality of measurement time points.

4. The method of claim 1, wherein
the detecting of the reverberation comprises:

determining an average of the shear wave ar-
rival times respectively corresponding to the plu-
rality of measurement points as a first average
shear wave arrival time;

determining an average of differences as a sec-
ond average shear wave arrival time, each dif-
ference being between shear wave arrival times
at two adjacent points among the plurality of
measurement points; and

detecting occurrence of the reverberation by
comparing a value obtained by dividing the first
average shear wave arrival time by the second
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average shear wave arrival time with a preset
threshold.

The method of claim 1, wherein
the detecting of the reverberation comprises:

calculating a first shear wave velocity by dividing
an average of distances of the plurality of meas-
urement points by an average of the shear wave
arrival times respectively measured at the plu-
rality of measurement points;

calculating a second shear wave velocity by di-
viding a distance between two adjacent points
among the plurality of measurement points by a
difference between shear wave arrival times re-
spectively measured at the two adjacent meas-
urement points; and

detecting occurrence of the reverberation based
on the first and second shear wave velocities.

An ultrasound diagnostic apparatus for processing
shear wave elastography data with respect to an ob-
ject, the ultrasound diagnostic apparatus compris-

ing:

an ultrasound probe configured to induce a
shear wave in a region of interest of the object
by emitting a focused ultrasound beam onto the
region of interest of the object;

aprocessor configured to respectively obtain ul-
trasound images of the object at a plurality of
time points, respectively measure shear wave
arrival times at a plurality of measurement points
that are separated by preset distances from a
focal point where the focused ultrasound beam
is focused, and detect a reverberation in the re-
gion of interest based on the measured shear
wave arrival times; and

a display displaying information about the de-
tected reverberation.

The ultrasound diagnostic apparatus of claim 6,
wherein

the ultrasound probe is further configured to transmit
a first ultrasound signal to the object before emitting
the focused ultrasound beam, and the processor is
further configured to generate a reference ultra-
sound image by using an ultrasound echo signal re-
flected from the object, and

wherein the ultrasound images are a plurality of
shear wave images respectively obtained by the
processor at the plurality of time points.

The ultrasound diagnostic apparatus of claim 7,
wherein

the processor is further configured to calculate a plu-
rality of time points when displacements of tissues
of the object respectively positioned at the plurality
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10.

1.

12.

13.

of measurement points respectively reach maximum
values by comparing each of the plurality of shear
wave images with the reference ultrasound image
and to determine the calculated plurality of time
points as the shear wave arrival times at the plurality
of measurement time points.

The ultrasound diagnostic apparatus of claim 6,
wherein

the processor is further configured to determine an
average of the shear wave arrival times respectively
corresponding to the plurality of measurement points
as afirst average shear wave arrival time, determine
an average of differences as a second average shear
wave arrival time, each difference being between
shear wave arrival times at two adjacent points
among the plurality of measurement points, and de-
tect occurrence of the reverberation by comparing a
value obtained by dividing the first average shear
wave arrival time by the second average shear wave
arrival time with a preset threshold.

The ultrasound diagnostic apparatus of claim 9,
wherein

the processor is further configured to detect the oc-
currence of the reverberation by comparing the first
average shear wave arrival time with a preset refer-
ence time.

The ultrasound diagnostic apparatus of claim 6,
wherein

the processor is further configured to calculate a first
shear wave velocity by dividing an average of dis-
tances of the plurality of measurement points by an
average of the shear wave arrival times respectively
measured at the plurality of measurement points,
calculate a second shear wave velocity by dividing
a distance between two adjacent points among the
plurality of measurement points by a difference be-
tween shear wave arrival times respectively meas-
ured at the two adjacent measurement points, and
detect occurrence of the reverberation based on the
first and second shear wave velocities.

The ultrasound diagnostic apparatus of claim 11,
wherein

the processor is further configured to detect the oc-
currence of the reverberation by comparing a differ-
ence between the second and first shear wave ve-
locities with a preset threshold.

The ultrasound diagnostic apparatus of claim 12,
wherein

the processor is further configured to determine a
value obtained by dividing the difference between
the second and first shear wave velocities by the first
shear wave velocity as a reliability measurement in-
dex (RMI), and
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wherein the display further displays the RMI.

The method of claim 6, wherein

the display further displays the information about the
detected reverberation via a user interface including
at least one of a phrase, a sentence, a symbol, and
a color.

A computer program product comprising a compu-
ter-readable storage medium including instructions
for performing the method of any one of claims 1
through 5, the method comprising:

inducing a shear wave in a region of interest of
an objectby emitting a focused ultrasound beam
onto the region of interest of the object;
obtaining ultrasound images of the object in
which the shear wave is induced, respectively
at a plurality of time points;

measuring, by using the ultrasound images,
shear wave arrival times respectively at a plu-
rality of measurement points that are separated
by preset distances from a focal point where the
focused ultrasound beam is focused;

detecting areverberation in the region of interest
based on the measured shear wave arrival
times; and

displaying information about the detected rever-
beration.
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