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ULTRASONIC DIAGNOSTIC DEVICE AND
CONTROL METHOD THEREFOR

TECHNICAL FIELD

[0001] Disclosed embodiments relate to an ultrasound
diagnostic apparatus, an ultrasound diagnostic apparatus
control method, and a computer-readable recording medium
storing program codes for performing the ultrasound diag-
nostic apparatus control method.

BACKGROUND ART

[0002] Recently, in the medical field, various types of
medical imaging apparatuses for imaging and obtaining
information about biological tissue of the human body have
been widely used for early diagnosis or surgical treatment of
diseases. Representative examples of medical imaging appa-
ratuses may include an ultrasound diagnostic apparatus, a
computed tomography (CT) apparatus, and a magnetic reso-
nance imaging (MRI) apparatus.

[0003] Ultrasound diagnostic apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining an image of an internal part of the object.
In particular, ultrasound diagnostic apparatuses are used for
medical purposes including observation of the interior of an
object, detection of foreign substances, and diagnosis of
damage to the object. Such ultrasound diagnostic appara-
tuses provide high stability, display images in real time, and
are safe due to the lack of radioactive exposure, compared
to diagnostic apparatuses using X-rays. Therefore, ultra-
sound diagnostic apparatuses are widely used together with
other diagnostic imaging apparatuses.

[0004] In addition, an ultrasound diagnostic apparatus
may support a brightness (B) mode, a Doppler mode, an
elastic mode, and the like. In the B mode, a reflection
coeflicient of an ultrasound signal is visualized as a two-
dimensional (2D) image. In the Doppler mode, a velocity of
a moving object (in particular, blood flow) is shown as an
image by using the Doppler effect. In the elastic mode, a
difference between responses when compression is applied
or is not applied to an object is visualized as an image.

DESCRIPTION OF EMBODIMENTS

Technical Problem

[0005] Disclosed embodiments provide an apparatus and
method for applying appropriate compression to an object so
as to obtain an image of an elastic mode.

[0006] Also, disclosed embodiments are provided for
without additional costs, receiving feedback on compression
applied to an object and for applying appropriate compres-
sion to the object.

Solution to Problem

[0007] According to an aspect of the present disclosure, an
ultrasound diagnostic apparatus includes a probe configured
to induce displacement in tissue of an object by irradiating
a first focused beam of a first frequency to the object; and a
processor configured to obtain a first ultrasound image of the
object in which displacement has been induced; to determine
whether the induced displacement is appropriate based on
the obtained first ultrasound image; when the induced dis-
placement is not appropriate, to control the probe to irradiate
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a second focused beam of a second frequency different from
the first frequency to the object, so as to induce displacement
in the tissue of the object; and to process a second ultrasound
image of the object in which displacement has been induced
by the second focused beam.

[0008] When the displacement induced by the first focused
beam is not appropriate, the processor may be further
configured to adjust at least one of a voltage and a number
of cycles of the second focused beam.

[0009] The probe may be further configured to induce
displacement in the tissue by irradiating a third focused
beam of a third frequency different from the first frequency
to the object after the first focused beam is irradiated, and the
processor may be further configured to determine the second
frequency based on the first ultrasound image and the third
ultrasound image, and to control the probe to irradiate the
second focused beam of the determined second frequency to
the object.

[0010] When an obstacle interfering movement of a shear
wave induced by the displacement is detected in the second
ultrasound image, the processor may be further configured
to control the probe to change a horizontal focusing position
of the second focused beam.

[0011] The ultrasound diagnostic apparatus may further
include a display configured to display information about a
focusing position of the focused beam, and information
about variation in the focusing position.

[0012] The processor may be further configured to deter-
mine whether the induced displacement is appropriate based
on at least one of a magnitude of the induced displacement,
a quality index of an elastic image, and strain of the object,
or a combination thereof.

[0013] The ultrasound diagnostic apparatus may further
include an actuator configured to induce displacement by
applying a mechanical force to the object.

[0014] The ultrasound diagnostic apparatus may further
include a display configured to display at least one of an
intensity for inducing displacement, a magnitude of an
induced displacement, and strain, or information about a
combination thereof.

[0015] According to another aspect of the present disclo-
sure, an ultrasound diagnostic apparatus control method
includes inducing displacement in tissue of an object by
irradiating a first focused beam of a first frequency to the
object; obtaining a first ultrasound image of the object in
which displacement has been induced; determining whether
the induced displacement is appropriate based on the
obtained first ultrasound image; when the induced displace-
ment is not appropriate, irradiating a second focused beam
of a second frequency different from the first frequency to
the object, so as to induce displacement in the tissue of the
object; and obtaining a second ultrasound image of the
object in which displacement has been induced by the
second focused beam.

[0016] According to another aspect of the present disclo-
sure, an ultrasound diagnostic apparatus includes a probe
configured to induce displacement in tissue of an object by
irradiating a first focused beam to the object; and a processor
configured to obtain a first ultrasound image of the object in
which displacement has been induced, to determine whether
the induced displacement is appropriate based on the
obtained first ultrasound image, when the induced displace-
ment is not appropriate, to control the probe to irradiate a
second focused beam having a focusing position different
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from the first focused beam to the object, so as to induce
displacement in the tissue of the object, and to process a
second ultrasound image of the object in which displace-
ment has been induced by the second focused beam.

[0017] According to another aspect of the present disclo-
sure, an ultrasound diagnostic apparatus control method
includes inducing displacement in tissue of an object by
irradiating a first focused beam to the object; obtaining a first
ultrasound image of the object in which displacement has
been induced; determining whether the induced displace-
ment is appropriate based on the obtained first ultrasound
image; when the induced displacement is not appropriate,
irradiating a second focused beam having a focusing posi-
tion different from the first focused beam to the object, so as
to induce displacement in the tissue of the object; and
obtaining a second ultrasound image of the object in which
displacement has been induced by the second focused beam.
[0018] According to another aspect of the present disclo-
sure, a computer-readable recording medium stores com-
puter program codes for performing an ultrasound diagnos-
tic apparatus control method according to the embodiments.

Advantageous Effects of Disclosure

[0019] According to disclosed embodiments, it is possible
to apply appropriate compression to an object when an
image of an elastic mode is obtained.

[0020] Also, according to disclosed embodiments, it is
possible to without additional costs, receive feedback on
compression applied to an object and to apply appropriate
compression to the object

BRIEF DESCRIPTION OF DRAWINGS

[0021] The present disclosure will now be described more
fully through the detailed descriptions below with reference
to the accompanying drawings, in which reference numerals
denote structural elements.

[0022] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus 100a according to
an embodiment.

[0023] FIG. 2 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus 1005 according to
an embodiment.

[0024] FIG. 3 is a diagram for describing a process of
inducing displacement in an object 310.

[0025] FIG. 4 is a diagram for describing a process of
inducing displacement in an object, according to an embodi-
ment.

[0026] FIG. 5 illustrates a view displayed on a display
130, according to an embodiment.

[0027] FIG. 6 illustrates a view displayed on the display
130, according to an embodiment.

[0028] FIG. 7 is a diagram for describing a process of
adjusting a frequency of a focused beam, according to an
embodiment.

[0029] FIG. 8 is a diagram illustrating induction of dis-
placement in an object, according to an embodiment.
[0030] FIG. 9 is a diagram for describing a process of
adjusting displacement induced by an actuator 810, accord-
ing to an embodiment.

[0031] FIG. 10 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment.
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[0032] FIG. 11 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment.

[0033] FIG. 12 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment.

[0034] FIG. 13 is a flowchart illustrating an ultrasound
diagnostic apparatus control method according to an
embodiment.

BEST MODE

[0035] According to an aspect of the present disclosure, an
ultrasound diagnostic apparatus includes a probe configured
to induce displacement in tissue of an object by irradiating
a first focused beam of a first frequency to the object; and a
processor configured to obtain a first ultrasound image of the
object in which displacement has been induced; to determine
whether the induced displacement is appropriate based on
the obtained first ultrasound image; when the induced dis-
placement is not appropriate, to control the probe to irradiate
a second focused beam of a second frequency different from
the first frequency to the object, so as to induce displacement
in the tissue of the object; and to process a second ultrasound
image of the object in which displacement has been induced
by the second focused beam.

MODE OF DISCLOSURE

[0036] All terms including descriptive or technical terms
which are used herein should be construed as having mean-
ings that are obvious to one of ordinary skill in the art.
However, the terms may have different meanings according
to an intention of one of ordinary skill in the art, precedent
cases, or the appearance of new technologies. Also, some
terms may be arbitrarily selected by the applicant, and in this
case, the meaning of the selected terms will be described in
detail in the detailed description of the disclosure. Thus, the
terms used herein have to be defined based on the meaning
of the terms together with the description throughout the
specification.

[0037] Also, when a part “includes” or “comprises” an
element, unless there is a particular description contrary
thereto, the part can further include other elements, not
excluding the other elements. In the following description,
terms such as “unit” and “module” indicate a unit for
processing at least one function or operation, wherein the
unit and the module may be embodied as hardware or
software or embodied by combining hardware and software.
[0038] Throughout the specification, an “image” may refer
to multi-dimensional data composed of discrete image ele-
ments. Examples of an image may include, but are not
limited to, medical images, i.e., an ultrasound image, a
computed tomography (CT) image, a magnetic resonance
(MR) image respectively obtained by an ultrasound appa-
ratus, a CT apparatus, and an MR imaging (MRI) apparatus.
[0039] Furthermore, an “object” may be a human, an
animal, or a part of a human or animal. For example, the
object may be an organ (e.g., the liver, the heart, the womb,
the brain, a breast, or the abdomen), or a blood vessel. Also,
the object may be a phantom. The phantom may refer to a
material having a density, an effective atomic number, and a
volume that are approximately the same as those of an
organism. For example, the phantom may be a spherical
phantom having properties similar to a human body.
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[0040] An ultrasound image may be an image obtained by
transmitting ultrasound signals generated by transducers of
a probe to an object and receiving information about echo
signals reflected from the object. Furthermore, an ultrasound
image may be variously realized. For example, the ultra-
sound image may be at least one of an amplitude (A) mode
image, a brightness (B) mode image, a color (C) mode
image, and a Doppler (D) mode image. In addition, accord-
ing to an embodiment of the present disclosure, an ultra-
sound image may be a two-dimensional (2D) or three-
dimensional (3D) image. Also, an ultrasound image includes
radio frequency (RF) data and in-phase quadrature (IQ) data.
The RF data may include channel RF data output from an
analog-to-digital converter, and beam-formed RF data
obtained by performing beamforming processing on the
channel RF data. The IQ data is obtained by performing
mixing processing on beam-formed RF data by transforming
a center frequency to 0 Hz.

[0041] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0042] The present disclosure will now be described more
fully with reference to the accompanying drawings for one
of ordinary skill in the art to be able to perform the present
disclosure without any difficulty. The present disclosure
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein.

[0043] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus 100a according to
an embodiment.

[0044] Referring to FIG. 1, the ultrasound diagnostic
apparatus 100a according to an embodiment may include a
probe 20, an ultrasound transceiver 215, an image processor
250, a communicator 270, a display 260, a memory 280, an
input device 290, and a controller 295, and the aforemen-
tioned elements may be connected to each other via a bus
285.

[0045] The ultrasound diagnostic apparatus 100a accord-
ing to an embodiment may be implemented as a cart-type
apparatus or a portable-type apparatus. Examples of a por-
table-type ultrasound diagnostic apparatus may include, but
are not limited to, a picture archiving and communication
system (PACS) viewer, a smartphone, a laptop computer, a
personal digital assistant (PDA), a tablet PC, or the like.
[0046] The probe 20 transmits an ultrasound signal to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 215, and receives an echo signal
reflected from the object 10. The probe 20 includes a
plurality of transducers, and the plurality of transducers
oscillate in response to transferred electric signals and
generate acoustic energy, that is, ultrasound waves. Also, the
probe 20 may be connected to a main body of the ultrasound
diagnostic apparatus 100« in a wired or wireless manner, and
according to embodiments, the ultrasound diagnostic appa-
ratus 100a may include a plurality of probes 20.

[0047] A transmitter 210 supplies a driving signal to the
probe 20, and includes a pulse generator 212, a transmission
delaying unit 214, and a pulser 216. The pulse generator 212
generates pulses for forming transmission ultrasound waves
based on a certain pulse repetition frequency (PRF), and the
transmission delaying unit 214 applies delay times to the
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pulses, the delay times being necessary for determining
transmission directionality. The pulses to which the delay
times have been applied respectively correspond to a plu-
rality of piezoelectric vibrators included in the probe 20. The
pulser 216 applies a driving signal (or a driving pulse) to the
probe 20 based on timing corresponding to each of the
pulses to which the delay times have been applied.

[0048] A receiver 220 generates ultrasound data by pro-
cessing the echo signals received from the probe 20, and
may include an amplifier 222, an analog-to-digital converter
(ADC) 224, a reception delaying unit 226, and a summing
unit 228. The amplifier 222 amplifies the echo signals in
each channel, and the ADC 224 performs analog-to-digital
conversion on the amplified echo signals. The reception
delaying unit 226 applies delay times to digitized echo
signals, the delay times being necessary for determining
reception directionality, and the summing unit 228 generates
ultrasound data by summing the echo signals processed by
the reception delaying unit 226. In some embodiments, the
receiver 220 may not include the amplifier 222. That is,
when sensitivity of the probe 20 or the number of process-
able bits by the ADC 224 is increased, the amplifier 222 may
be omitted. Also, the receiver 220 converts an ultrasound
signal received from the probe 20 into a beamformed RF
signal or an 1Q signal by using a beamformer or the like.
[0049] The image processor 250 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 215, and displays the ultrasound
image.

[0050] The ultrasound image may be not only a grayscale
ultrasound image obtained by scanning an object in an
amplitude (A) mode, a brightness (B) mode, and a motion
(M) mode, but may also be a Doppler image showing a
movement of the object by using a Doppler effect. The
Doppler image may include a blood flow Doppler image
showing flow of blood (also referred to as a color flow
image), a tissue Doppler image showing a movement of
tissue, and a spectral Doppler image showing a moving
speed of an object as a waveform.

[0051] A B mode processor 241 extracts B mode compo-
nents from ultrasound data and processes the B mode
components. An image generator 255 may generate an
ultrasound image indicating signal intensities as brightness
based on the B mode components extracted by the B mode
processor 241.

[0052] Equally, a Doppler processor 242 may extract
Doppler components from ultrasound data, and the image
generator 255 may generate a Doppler image (e.g., a color
flow image) indicating a movement of an object as colors or
waveforms based on the extracted Doppler components.
[0053] The image generator 255 may generate a 3D ultra-
sound image via a volume rendering process with respect to
volume data and may also generate an elastic image by
imaging deformation of the object 10 due to compression.
[0054] Furthermore, the image generator 255 may display
various pieces of additional information on an ultrasound
image by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 280.
[0055] Thedisplay 260 may include at least one of a liquid
crystal display (LCD), a thin film transistor-LCD (TFT-
LCD), an organic light-emitting diode (OLED) display, a
flexible display, a 3D display, and an electrophoretic display.
[0056] Furthermore, when the display 260 and a user
interface form a layer structure to form a touchscreen, the
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display 260 may be used not only as an output device but
may also be used as an input device via which a user inputs
information via a touch.

[0057] The touchscreen may be configured to detect a
position of a touch input, a touched area, and pressure of a
touch. Also, the touchscreen may be configured to detect not
only a real touch but also a proximity touch.

[0058] The communicator 270 is connected to a network
30 in a wired or wireless manner to communicate with an
external device or a server. The communicator 270 may
exchange data with a hospital server or another medical
apparatus in a hospital, which is connected thereto via a
PACS. Furthermore, the communicator 170 may perform
data communication according to the digital imaging and
communications in medicine (DICOM) standard.

[0059] The communicator 270 may transmit and receive
data related to diagnosis of an object, e.g., an ultrasound
image, ultrasound data, and Doppler data of the object, via
the network 30 and may also transmit and receive medical
images captured by another medical apparatus, e.g., a com-
puted tomography (CT) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Further-
more, the communicator 270 may receive information about
a diagnosis history or medical treatment schedule of a
patient from a server and may use the received information
to diagnose an object. Furthermore, the communicator 270
may perform data communication with not only a server or
a medical apparatus in a hospital, but also with a portable
terminal of a medical doctor or the patient.

[0060] The communicator 270 may be connected to the
network 30 in a wired or wireless manner to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communicator 270 may include one or
more components for communication with external devices.
For example, the communicator 270 may include a short
range communication module 271, a wired communication
module 272, and a mobile communication module 273.
[0061] The short range communication module 271 refers
to a module for short range communication within a certain
distance. Examples of short range communication tech-
niques according to an embodiment of the present disclosure
may include, but are not limited to, wireless local area
network (LAN), Wi-Fi, Bluetooth, Zigbee, Wi-Fi Direct
(WFD), ultra-wideband (UWB), Infrared Data Association
(IrDA), Bluetooth Low Energy (BLE), near field commu-
nication (NFC), or the like.

[0062] The wired communication module 272 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment may include communication
via a pair cable, a coaxial cable, an optical fiber cable, an
Ethernet cable, or the like.

[0063] The mobile communication module 273 transmits
and receives wireless signals to and from at least one of a
base station, an external terminal, and a server on a mobile
communication network. In this regard, the wireless signals
may be voice call signals, video call signals, or various types
of data for transmission and reception of text/multimedia
messages.

[0064] The memory 280 stores various information pro-
cessed by the ultrasound diagnostic apparatus 100a. For
example, the memory 180 may store medical data related to
diagnosis of an object, such as ultrasound data and an
ultrasound image that are input or output, and may also store
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algorithms or programs which are to be executed in the
ultrasound diagnostic apparatus 100a.

[0065] The memory 280 may be implemented as one of
various storage media including a flash memory, a hard disk
drive, an electrically erasable programmable read-only
memory (EEPROM), or the like. Furthermore, the ultra-
sound diagnostic apparatus 100a may run web storage or a
cloud server that performs the storage function of the
memory 280 on the Internet.

[0066] The input device 290 refers to a means via which
a user inputs data for controlling the ultrasound diagnostic
apparatus 100a. The input device 290 may include, but is not
limited to, hardware components such as a keypad, a mouse,
a touch pad, a track ball, a jog switch, or the like. Further-
more, the input device 290 may include a fingerprint rec-
ognition sensor to detect a user’s fingerprint. In addition, the
input device 290 may further include various other compo-
nents including an electrocardiogram (ECG) measuring
module, a respiration measuring module, a voice recognition
sensor, a gesture recognition sensor, an iris recognition
sensor, a depth sensor, a distance sensor, or the like. In
particular, the input device 290 may also include a touch-
screen in which a touch pad forms a layer structure with the
display 260.

[0067] The ultrasound diagnostic apparatus 100a accord-
ing to an embodiment may display an ultrasound image in a
certain mode and a control panel for the ultrasound image on
the touchscreen. The ultrasound diagnostic apparatus 100a
may also detect a user’s touch gesture with respect to the
ultrasound image via the touchscreen.

[0068] According to an embodiment, the ultrasound diag-
nostic apparatus 100a may include some physical buttons
that are frequently used by a user among buttons that are
included in a control panel of a general ultrasound apparatus,
and may provide other buttons in the form of a graphical
user interface (GUI) via the touchscreen.

[0069] The controller 295 may control all operations of the
ultrasound diagnostic apparatus 100a. The controller 295
may control operations among the probe 20, the ultrasound
transceiver 215, the image processor 250, the communicator
270, the memory 280, and the input device 290.

[0070] The probe 20, the ultrasound transceiver 215, the
image processor 250, the display 240, the communicator
270, the memory 280, the input device 290, and the con-
troller 295 may be implemented as various combinations of
one or more software modules and one or more hardware
components. For example, the image processor 250 may
include a plurality of software modules and a processor, the
plurality of software modules operating due to program
codes stored in the memory 280 and the processor process-
ing the program codes. Also, at least some of the ultrasound
transceiver 215, the image processor 250, and the commu-
nicator 270 may be included in the controller 295, but the
present disclosure is not limited thereto.

[0071] FIG. 2 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus 1005 according to
an embodiment.

[0072] The ultrasound diagnostic apparatus 1005 accord-
ing to an embodiment includes the probe 20, a processor
120, and a display 130. According to some embodiments, the
ultrasound diagnostic apparatus 1006 may include the probe
20 and the processor 120 and may not include the display
130.
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[0073] The processor 120 of FIG. 2 may correspond to at
least one or a combination of the image processor 250 and
the controller 295 of FIG. 1. The display 130 may corre-
spond to the display 260 of FIG. 1. According to some
embodiments, some of elements of the ultrasound diagnostic
apparatus 100a shown in FIG. 1 may be included in the
ultrasound diagnostic apparatus 1004 shown in FIG. 2.
[0074] The probe 20 irradiates ultrasound waves to an
object and detects an echo signal. Also, the probe 20 induces
displacement with respect to the object. According to an
embodiment, the probe 20 may induce displacement in the
object by irradiating a focused beam to the object. The probe
20 may generate and output an ultrasound focused beam by
controlling an ultrasound signal output sequence from piezo-
electric devices arranged in an array structure. When the
focused beam is irradiated to the object, deformation of the
object occurs due to the focused beam such that displace-
ment in tissue is induced. When the displacement in the
object is induced, the ultrasound diagnostic apparatus 1004
may image an ultrasound image and may obtain an ultra-
sound image of an elastic mode.

[0075] The processor 120 controls all operations of the
ultrasound diagnostic apparatus 1005 and processes data and
signals. The processor 120 may be configured of one or more
hardware units. According to an embodiment, the processor
120 may include individual hardware units configured to
function as an image processor and a controller. The pro-
cessor 120 may operate due to one or more software
modules generated by executing program codes stored in the
memory 280.

[0076] The processor 120 calculates displacement in
movement of tissue from the obtained ultrasound image. For
example, the displacement is calculated by comparing a
plurality of ultrasound images obtained before and after
compression is applied. The displacement may be calculated
by performing auto-correlation or cross-correlation on ultra-
sound images obtained before and after movement of an
object. As another example, the displacement may be cal-
culated by using a difference image with respect to an
ultrasound image or by differentiating the obtained ultra-
sound image with respect to time. Also, the processor 120
calculates strain by differentiating the calculated displace-
ment in a depth direction. According to an embodiment, the
processor 120 may include a module such as a displacement
calculator, a strain calculator, or the like.

[0077] The processor 120 obtains a first ultrasound image
of the object in which displacement has been induced, and
determines whether the induced displacement is appropriate,
based on the obtained ultrasound image. In a case where the
probe 20 induces displacement by using a first setting value
and the induced displacement is not appropriate, the pro-
cessor 120 may control the probe 20 to induce displacement
by using a second setting value different from the first setting
value. The probe 20 repeats a process of including displace-
ment by using the second setting value determined by the
processor 120. After the probe 20 induces the displacement
by using the second setting value, when the induced dis-
placement is not appropriate, the processor 120 may set a
third setting value different from the first setting value and
the second setting value, and the probe 20 may induce
displacement in an object 310 by using the third setting
value.

[0078] A process of inducing displacement while chang-
ing a setting value may be repeatedly performed a plurality
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of times according to some embodiments, and a maximum
number of repeating induction of displacement may be
limited to some embodiments. For example, a maximum
number of an operation of repeating induction of displace-
ment may be preset in the ultrasound diagnostic apparatus
1005, the operation of repeating induction of displacement
may be performed until a stop command is input by a user,
or the maximum number may be set by a user.

[0079] The first setting value and the second setting value
may be values about one or more parameters for controlling
an operation, performed by the probe 20, of inducing
displacement. Combinations of different values with respect
to the one or more parameters may be defined as the first
setting value and the second setting value. In a case where
the operation, performed by the probe 20, of inducing
displacement is controlled by combinations of a first param-
eter, a second parameter, and a third parameter, the processor
120 may define the second setting value by changing at least
one value among values of the first parameter, the second
parameter, and the third parameter which are defined for the
first setting value.

[0080] According to some embodiments, whether an
induced displacement is appropriate may be determined
based on at least one of a magnitude of the induced dis-
placement, strain, and a quality index, or a combination
thereof. According to an embodiment, when a magnitude of
displacement is less than a reference value, the processor
120 determines the displacement is not appropriate, and
when a magnitude of displacement is equal to or greater than
the reference value, the processor 120 determines the dis-
placement is appropriate. According to another embodiment,
the processor 120 may compare strain or a quality index with
the reference value and then may determine whether a
displacement is appropriate.

[0081] According to an embodiment, the ultrasound diag-
nostic apparatus 1005 may operate in an elastic mode, and
the ultrasound image may be an ultrasound image of the
elastic mode.

[0082] The display 130 displays an operating state of the
ultrasound diagnostic apparatus 1002, an ultrasound image,
a user interface screen image, or the like. According to some
embodiments, the display 130 may have one or more display
panels. According to an embodiment, the display 130 may
be embodied in the form of a touchscreen.

[0083] Hereinafter, an ultrasound diagnostic apparatus
including embodiments disclosed in the present specifica-
tion will now be referenced using reference numeral 100.
However, even when reference numerals such as 100a and
1005 are used for the ultrasound diagnostic apparatus
according to embodiments of particular drawings, other
embodiments are not excluded and it will be understood by
one of ordinary skill in the art that features according to an
embodiment may be applied to other embodiments to which
the features are applicable.

[0084] FIG. 3 is a diagram for describing a process of
inducing displacement in the object 310.

[0085] To obtain an elastic image, displacement in the
object 310 is induced by applying compression to the object
310. For example, as illustrated in S302 of FIG. 3, com-
pression may be applied to the object 310 by pressing the
object 310 by using the probe 20, and displacement 61 may
be induced (S304). When the displacement 61 of the object
310 is induced, a length of the object 310 may be decreased
in a compression direction. For example, as illustrated in
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S304 of FIG. 3, the length of the object 310 may be
decreased from L1 to (L1-31) by being decreased by d1.
When the compression is applied to the object 310 and thus
the displacement occurs, the displacement varies according
to conditions of tissue in the object 310, and therefore a
condition of the tissue may be diagnosed. Thus, a medical
expert may examine the condition of the tissue by using an
elastic image imaged when the displacement in the object
310 is induced.

[0086] The medical expert may measure an elastic feature
of the tissue by using the elastic image. The elastic feature
may be expressed as strain. The strain may be defined a ratio
of displacement to an entire length of certain tissue of an
object before the displacement occurs. For example, when
the object 310 is deformed from a state of S302 to a state of
S304 of FIG. 3, the strain may be defined as (81/L1). The
strain may vary depending on objects. For example, at S306,
a ratio of displacement 82 to an entire length L2 of the
certain tissue is greater than a case of S304, thus, a case of
S306 has large strain.

[0087] As described above, to obtain an elastic image by
inducing displacement in an object, the displacement in the
object has to be induced by applying appropriate compres-
sion thereto. In a simple manner, a user of the ultrasound
diagnostic apparatus 100 may apply compression to the
object 310 by using the probe 20. However, when the user
of the ultrasound diagnostic apparatus 100 applies compres-
sion to the object 310 by pressing the object 310 by using the
probe 20, deviation occurs depending on users, thus, the
elastic image may not be obtained. When compression
applied to the object 310 is insufficient, a magnitude of
induced displacement is small, thus, it is difficult to examine
elasticity of the object, and when compression applied to the
object 310 is excessive, a relation with respect to elasticity
over compression enters a non-linear period, thus, it is
difficult to clearly recognize an elastic feature of the object.
[0088] According to the embodiments, a setting value
used in induction of displacement is adjusted based on an
ultrasound image obtained after the ultrasound diagnostic
apparatus 100 induces the displacement, and by doing so,
deviation among users may be removed, and an inexperi-
enced user may obtain a high quality elastic image.

[0089] FIG. 4 is a diagram for describing a process of
inducing displacement in an object, according to an embodi-
ment.

[0090] According to an embodiment, the probe 20 may
induce displacement in the object 310 by irradiating an
ultrasound focused beam 405 to the object 310. When the
ultrasound focused beam 405 is irradiated to the object 310,
displacement 410 in the object 310 is induced at a focusing
position 408 at which the ultrasound focused beam 405 is
focused. Due to the displacement 410 in the object 310,
shear waves 420a and 4205 are generated, the shear waves
420a and 4205 moving from a generation point of the
displacement 410 in a vertical direction of the displacement
410.

[0091] A mode of imaging shear waves of the object 310
1s referred to as a shear wave elastic mode, and an ultrasound
image captured in the shear wave elastic mode is referred to
as a shear wave elastic image. To obtain a high-quality shear
wave elastic image, it is required to induce the displacement
410 with an appropriate magnitude and the shear waves
420a and 4205 from the object 310. Features of the induced
displacement 410 and shear waves 420a and 42056 vary
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according to the focusing position 408 of the focused beam
405, an amplitude or intensity of the focused beam 405, a
frequency of the focused beam 405, the number of cycles, a
transducer voltage, or the like. According to an embodiment,
the processor 120 determines whether in induced displace-
ment in the object 310 is appropriate, by using the obtained
shear wave elastic image. When displacement induced based
on a first setting value is not appropriate, the processor 120
defines a second setting value by changing at least one of a
focusing position, a frequency, the number of cycles, and a
transducer voltage, and the probe 20 induces displacement
in tissue of an object by using the second setting value.
[0092] According to an embodiment, the first setting value
and the second setting value are defined by frequencies. That
is, the first setting value may be a first frequency, and the
second setting value may be a second frequency different
from the first frequency. The probe 20 irradiates an ultra-
sound focused beam of the first frequency to the object, and
obtains a first ultrasound image of the object in which
displacement has been induced. The processor 120 deter-
mines whether the induced displacement is appropriate,
based on the first ultrasound image. When the induced
displacement is not appropriate, the processor 120 control
the probe 20 to irradiate an ultrasound focused beam of the
second frequency to the object and to obtain a second
ultrasound image of the object in which displacement has
been induced.

[0093] The ultrasound diagnostic apparatus 1005 accord-
ing to an embodiment may determine a final setting value
based on a plurality of ultrasound images obtained by
inducing displacements by using focused beams of different
setting values, may induce displacement by irradiating a
focused beam of the final setting value to an object, and then
may obtain an ultrasound image. According to an embodi-
ment, the probe 20 induces displacement in an object by
generating a first focused beam of a first setting value and
irradiating the first focused beam to the object, and obtains
a first ultrasound image of the object in which displacement
has been induced. Next, the probe 20 induces displacement
in the object by generating a third focused beam of a third
setting value and irradiating the third focused beam to the
object, and obtains a third ultrasound image of the object in
which displacement has been induced. The processor 120
determines a second setting value based on the first ultra-
sound image and the third ultrasound image, generates a
second focused beam of the second setting value, induces
displacement in the object by irradiating the second focused
beam to the object, and obtains a second ultrasound image
of the object in which displacement has been induced.
[0094] According to an embodiment, the first setting value
and the second setting value are defined by a combination of
frequencies and voltage. The probe 20 irradiates an ultra-
sound focused beam of a first frequency and a first voltage
to an object, and obtains a first ultrasound image of the
object in which displacement has been induced. The pro-
cessor 120 determines whether the induced displacement is
appropriate, based on the first ultrasound image. When the
induced displacement is not appropriate, the processor 120
controls the probe 20 to irradiate an ultrasound focused
beam of a second frequency and to obtain a second ultra-
sound image of the object in which displacement has been
induced.

[0095] In a case where an obstacle such as a cyst, blood
vessels, or the like is present at the focusing position 408 of
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the focused beam 405, a shear wave is not induced such that
a quality of a shear wave elastic image deteriorates. This is
because the shear wave is not well induced in liquid. In this
case, the processor 120 may set the second setting value to
change the focusing position 408 of the focused beam 405,
and the probe 20 may induce displacement in the tissue of
the object by using the second setting value. According to an
embodiment, the processor 120 may determine whether the
induced displacement is appropriate, by using a quality
index of shear wave elasticity. The quality index may also be
referred to as a reliability index (RI), a reliability measure-
ment index (RMI), or a cost function. The processor 120
obtains an ultrasound image by inducing a shear wave in the
object, and calculates a shear wave speed by using the
ultrasound image. Also, the processor 120 calculates a
residual value by comparing an observed shear wave with a
wave equation. When the shear wave speed is small, the
processor 120 determines a first reliability score to be low,
and when the residual value is large, the processor 120
determines a second reliability score to be low. The proces-
sor 120 calculates the quality index by using the first
reliability score and the second reliability score.

[0096] A first reliability score score,, to be determined by
the shear wave speed may be defined by using Equation 1.

0.2 ] ( 0.2 Xty [Equation 1]
Xu—

Umax — Umin

score, = (
Uinaxe — Unmin /

[0097] In this regard, u,,,, and u,,, are preset values, and
u refers to observed displacement.

[0098] A shear wave satisfies the wave equation of Equa-
tion 2, but when an error included in an observed shear wave
is increased, a residual value res of Equation 3 is increased.

PFu » [Equation 2]
Frin EVou=0

Pu - 2 [Equation 3]
res = e -V

[0099] In this regard, t refers to time, ¢ refers to an
ultrasound speed, and V2 is Laplacian.

[0100] A residual value may be standardized using Equa-
tion 4, and a standardized residual value res, may be
calculated, such that a value corresponding to a signal-to-
noise ratio (SNR) may be achieved.

Pu T [Equation 4]
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[0101] A second reliability score score,  may be calcu-
lated by using Equation 5 using the standardized residual
value.

[Equation 5]
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[0102] In this regard, res,,. and res,,, are predefined
parameters.
[0103] A final reliability score R may be defined by using

Equation 6. According to some embodiments, the final
reliability score RI may be calculated by applying a weight
to the first reliability score score,, and the second reliability
score score,,, and summing the weighted first reliability

score score,, and the weighted second reliability score scor-
e

res®

RI=score +score,
0<score,<0.2

D<score,,<0.8

[0104] The processor 120 may compare the final reliability
score RI with a reference value and then may determine
whether induced displacement is appropriate. For example,
when the final reliability score RI is less than the reference
value, the processor 120 may determine that the induced
displacement is not appropriate.

[0105] FIG. 5 illustrates a view displayed on the display
130, according to an embodiment.

[0106] According to an embodiment, the display 130 may
display an obtained ultrasound image 510 and information
about a displacement inducing operation. According to an
embodiment, the display 130 displays a first focusing posi-
tion 520 of a focused beam on the ultrasound image 510.
When displacement induced by a first focused beam at the
first focusing position 520 is not appropriate, the processor
120 changes a focusing position of the focused beam to a
second focusing position 522 by changing the focusing
position, and the probe 20 induces displacement in an object
by positioning a focus of a second focused beam at the
second focusing position 522. In this case, the display 130
displays information about the second focusing position 522
on the ultrasound image 510. According to an embodiment,
both information about the first focusing position 520 and
information about the second focusing position 522 may be
displayed to provide a user with information about variation
in focusing positions.

[0107] According to an embodiment, the processor 120
adjusts a vertical focusing position of the focused beam 405,
and when the focused beam 405 reaches a desired vertical
focusing position, the processor 120 may adjust a horizontal
focusing position. Even when the focused beam 405 is
equally irradiated, a focusing position varies according to
objects. This is because a condition of tissue, a feature, or the
like are different in the objects. The processor 120 adjusts a
frequency and then adjusts the vertical focusing position to
correspond to a target vertical position at which displace-
ment is to be induced. In this regard, the vertical focusing
position refers to a depth from the probe 20 in a direction
toward the object. When the vertical focusing position is
adjusted to correspond to the target vertical position, the
processor 120 adjusts the horizontal focusing position, based
on an obtained shear wave elastic image. The horizontal
focusing position refers to adjusting the focusing position
while a height of the focusing position of the focused beam
is maintained as illustrated in FIG. 5.

[0108] According to an embodiment, the display 130 may
display at least one of a magnitude of displacement, a quality
index of shear wave elasticity, and intensity of a focused
beam, or a combination thereof. For example, as illustrated
in FIG. 5, a graphical user interface view may include an

[Equation 6]
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indicator 532 in a box 530 indicating an entire range of
quality indexes of shear wave elasticity, the box 530 indi-
cating a value of a quality index of shear wave elasticity
which is calculated from an ultrasound image.

[0109] The processor 120 may adjust the focusing position
by adjusting an ultrasound signal output sequence of a
transducer array of the probe 20.

[0110] FIG. 6 illustrates a view displayed on the display
130, according to an embodiment.

[0111] According to an embodiment, when induced dis-
placement in an object is not appropriate, the processor 120
may provide a graphical user interface for selecting a
focusing position of a focused beam to be used in re-
inducing displacement. When the induced displacement in
the object is not appropriate, the display 130 may display an
indicator 634 indicating that the induced displacement is not
appropriate.

[0112] According to an embodiment, as illustrated in FIG.
6, an indicator indicating the focusing position 520 accord-
ing to a first setting value is displayed on the ultrasound
image 510, and as candidates of a focusing position accord-
ing to a second setting value, indicators indicating a first
candidate position 620a and a second candidate position
62056 are displayed on the display 130. A user may set the
second setting value by selecting one of the first candidate
position 620a and the second candidate position 6205 by
using a cursor 610.

[0113] FIG. 7 is a diagram for describing a process of
adjusting a frequency of a focused beam, according to an
embodiment. FIG. 7 illustrates a relation between a distance
DEPTH from a focused beam source and intensity INTEN-
SITY of a focused beam with respect to a high frequency
focused beam and a low frequency focused beam. In a graph
of FIG. 7, a horizontal axis is defined as the distance DEPTH
from the focused beam source, and a vertical axis is defined
as the intensity INTENSITY of the focused beam.

[0114] According to an embodiment, when the probe 20
induces displacement in an object by using a focused beam,
intensity of the focused beam may be adjusted by a fre-
quency. An acoustic radiation force that involves causing
displacement is proportional to the intensity. Equation 7
refers to an acoustic radiation force (F).

2al [Equation 7]

[0115] In this regard, F refers to an acoustic radiation
force, 1 refers to intensity of a focused beam, c refers to a
speed of ultrasound waves, and o refers to an attenuation
coefficient.

[0116] Intensity I(x) of the focused beam at a position x is
defined by using Equation 8.

I(x)=Iyxe™F

[0117] In this regard, I, refers to intensity of a focused
beam output from the probe 20, e refers to a natural constant,
o refers to an attenuation coeflicient, f refers to a frequency,
and x refers to a depth.

[0118] When the depth is small and the focused beam has
a center frequency, the intensity is at its peak. When the
depth is large and attenuation is large, the intensity is large
at a low frequency. In a case of a patient with high attenu-
ation, it is preferable to further decrease a frequency than a

[Equation 8]
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normal case so as to induce large displacement. Thus, when
displacement is less than a reference value, the processor
120 may increase intensity of a focused beam at a certain
position by decreasing a frequency, and may increase dis-
placement.

[0119] According to an embodiment, the processor 120
may adjust intensity of a focused beam by adjusting a
voltage to be applied to transducers. Also, the processor 120
may adjust the intensity of the focused beam by adjusting the
number of cycles of the focused beam.

[0120] FIG. 8 is a diagram where displacement in an
object is induced, according to an embodiment.

[0121] According to an embodiment, the ultrasound diag-
nostic apparatus 1004 includes an actuator 810 to induce
displacement by applying a mechanical force to an object.
The actuator 810 may be embodied in the form of a motor,
a water balloon, an air bag, or the like, which converts
electric energy into a mechanical force. The actuator 810
may be positioned adjacent to the probe 20 and may apply
the mechanical force to the probe 20. The probe 20 is moved
by the actuator 810 and applies compression to the object
310, and displacement 63 of the object 310 is induced due
to the compression from the probe 20.

[0122] FIG. 9 is a diagram for describing a process of
adjusting displacement induced by the actuator 810, accord-
ing to an embodiment. FIG. 9 illustrates four graphs of
displacement according to time of the actuator 810. In the
graphs of FIG. 9, a horizontal axis refers to time, and a
vertical axis refers to displacement.

[0123] According to the present embodiment, a first set-
ting value and a second setting value are determined by a
frequency and amplitude of the actuator 810.

[0124] When displacement is not appropriate, the proces-
sor 120 may re-induce displacement by adjusting at least one
of a frequency and amplitude of an actuator, or a combina-
tion thereof. For example, in a case where the actuator
induces displacement in an object by operating with a
frequency and time of the graph of S902, and the induced
displacement is small and thus is determined not to be
appropriate, the processor 120 may increase compression
applied to the object 310 by increasing the amplitude of the
actuator 810 (S904) or may increase compression applied to
the object 310 by increasing the frequency of the actuator
810 (S906). As another example, the processor 120 may
increase compression applied to the object 310 by increasing
all of the frequency and the amplitude of the actuator 810
(5908). Which one of the frequency and the amplitude of the
actuator 810 is first increased may vary according to
embodiments.

[0125] FIG. 10 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment.

[0126] According to an embodiment, whether induced
displacement is appropriate may be determined by using
strain. When the strain is equal to or greater than a reference
value S, the processor 120 may determine that the induced
displacement is appropriate, and when the strain is less than
the reference value S, the processor 120 may determine
that the induced displacement is insufficient and thus is not
appropriate.

[0127] According to an embodiment, a value of a quality
index is determined by the strain, and when the quality index
has a value equal to or greater than a reference valve RI,,
the processor 120 may determine that displacement has been
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appropriately induced, and when the quality index has a
value less than the reference value RI,,, the processor 120
may determine that induced displacement is not appropriate.
[0128] According to an embodiment, the strain may use an
average value in a space. For example, the strain may be an
average value of a preset area in an elastic image. According
to another embodiment, the strain may be an average in one
period of a strain average obtained in one frame or may be
a maximum value in one period.

[0129] FIG. 11 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment. In a graph of
FIG. 11, a horizontal axis of the graph indicates strain, and
a vertical axis indicates a quality index.

[0130] According to an embodiment, when the strain is
equal to or greater than a first reference value S, and is
equal to or less than a second reference value S, ,, the
processor 120 may determine that induced displacement is
appropriate, and when the strain is less than the first refer-
ence value S, , or is greater than the second reference value
S,eps the processor 120 may determine that the induced
displacement is not appropriate.

[0131] According to an embodiment, a value of the quality
index is determined by the strain, and when the quality index
has a value equal to or greater than a reference valve RI,
the processor 120 may determine that displacement has been
appropriately induced, and when the quality index has a
value less than the reference value Rl , the processor 120
may determine that induced displacement is not appropriate.
[0132] FIG. 12 is a diagram illustrating a determination
reference for determining whether an induced displacement
is appropriate, according to an embodiment. In a graph of
FIG. 12, a horizontal axis of the graph indicates strain, and
a vertical axis indicates a quality index.

[0133] According to an embodiment, a graph of the qual-
ity index with respect to the strain may have a Gaussian
curve 1210 having a peak at a target reference value S,
The processor 120 may calculate the strain from an ultra-
sound image, applies the calculated strain to the Gaussian
curve 1210, and thus calculates the quality index. When the
quality index has a value equal to or greater than a reference
value RI,, the processor 120 may determine that displace-
ment has been appropriately induced, and when the quality
index has a value less than the reference value R, , the
processor 120 may determine that induced displacement is
not appropriate.

[0134] When a strain average is too small, an SNR of a
strain image may be insufficient, and when the strain average
is too large, a strain may be distorted. According to the
present embodiment, strain may be maintained in an appro-
priate range.

[0135] FIG. 13 is a flowchart illustrating an ultrasound
diagnostic apparatus control method according to an
embodiment.

[0136] Operations of the ultrasound diagnostic apparatus
control method may be performed by an ultrasound diag-
nostic apparatus including a processor enabled to perform
image processing, and a storage medium. In the present
specification, an embodiment in which the ultrasound diag-
nostic apparatus 100z or 1005 according to the embodiments
performs the ultrasound diagnostic apparatus control
method will now be described.

[0137] Thus, the embodiments described with reference to
the ultrasound diagnostic apparatus 100a or 1005 may be
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applied to the ultrasound diagnostic apparatus control
method, and on the other hand, embodiments described with
reference to the ultrasound diagnostic apparatus control
method may be applied to the embodiments described with
reference to the ultrasound diagnostic apparatus 100a or
1005. The ultrasound diagnostic apparatus control method
according to the embodiments is performed by the ultra-
sound diagnostic apparatus 100a or 1005 disclosed in the
present specification but is not limited thereto, thus, the
ultrasound diagnostic apparatus control method may be
performed by various ultrasound diagnostic apparatuses.
Descriptions that have been provided with reference to the
ultrasound diagnostic apparatus 100a or 1005 are not pro-
vided here.

[0138] The ultrasound diagnostic apparatus 100 induces
displacement in an object by using a first setting value
(51302). According to some embodiments, the ultrasound
diagnostic apparatus 100 may induce displacement in the
object by using an ultrasound focused beam, or may induce
displacement in the object by using an actuator.

[0139] Next, the ultrasound diagnostic apparatus 100
obtains an ultrasound image after the displacement in the
object is induced (S1304). The ultrasound diagnostic appa-
ratus 100 may obtain the ultrasound image from an eco
signal obtained by the probe 20.

[0140] The ultrasound diagnostic apparatus 100 deter-
mines, from the obtained ultrasound image, whether the
induced displacement is appropriate (S1306). The ultra-
sound diagnostic apparatus 100 determines whether the
induced displacement is appropriate, by using a value such
as a magnitude of the displacement, strain, a quality index,
or the like.

[0141] When the induced displacement is not appropriate,
the ultrasound diagnostic apparatus 100 induces displace-
ment in the object by using a second setting value different
form the first setting value (S1308). When the displacement
in the object is induced by using the second setting value, the
ultrasound diagnostic apparatus 100 repeats an operation of
obtaining an ultrasound image (S1304). According to some
embodiments, until induced displacement is determined to
be appropriate, the operation of obtaining an ultrasound
image may be repeated while a setting value for inducing
displacement is changed.

[0142] According to the present embodiment, strain may
be maintained in an appropriate range.

[0143] The ultrasound diagnostic apparatus and the con-
trol method therefor of the present disclosure may be
embodied as computer-readable codes on a computer-read-
able recording medium. The computer-readable recording
medium is any data storage device that can store data which
can be thereafter read by a computer system. Examples of
the computer-readable recording medium include read-only
memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, optical data stor-
age devices, etc. and may also include implementation as
carrier waves such as data transmission through the Internet.
The computer-readable recording medium may be distrib-
uted over network-connected computer systems so that the
computer-readable codes are stored and executed in a dis-
tributed fashion.

[0144] While the present disclosure has been particularly
shown and described with reference to embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
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therein without departing from the spirit and scope of the
present disclosure as defined by the following claims.

1. An ultrasound diagnostic apparatus comprising:

a probe configured to induce displacement in tissue of an
object by irradiating a first focused beam of a first
frequency to the object; and

a processor configured to obtain a first ultrasound image
of the object in which displacement has been induced;
to determine whether the induced displacement is
appropriate based on the obtained first ultrasound
image; when the induced displacement is not appropri-
ate, to control the probe to irradiate a second focused
beam of a second frequency different from the first
frequency to the object, so as to induce displacement in
the tissue of the object; and to process a second
ultrasound image of the object in which displacement
has been induced by the second focused beam.

2. The ultrasound diagnostic apparatus of claim 1,
wherein, when the displacement induced by the first focused
beam is not appropriate, the processor is further configured
to adjust at least one of a voltage and a number of cycles of
the second focused beam.

3. The ultrasound diagnostic apparatus of claim 1,
wherein

the probe is further configured to induce displacement in
the tissue by irradiating a third focused beam of a third
frequency different from the first frequency to the
object after the first focused beam is irradiated, and

the processor is further configured to determine the sec-
ond frequency based on the first ultrasound image and
the third ultrasound image, and to control the probe to
irradiate the second focused beam of the determined
second frequency to the object.

4. The ultrasound diagnostic apparatus of claim 1,
wherein, when an obstacle interfering movement of a shear
wave induced by the displacement is detected in the second
ultrasound image, the processor is further configured to
control the probe to change a horizontal focusing position of
the second focused beam.

5. The ultrasound diagnostic apparatus of claim 1, further
comprising a display configured to display information
about a focusing position of the focused beam, and infor-
mation about variation in the focusing position.

6. The ultrasound diagnostic apparatus of claim 1,
wherein the processor is further configured to determine
whether the induced displacement is appropriate based on at
least one of a magnitude of the induced displacement, a
quality index of an elastic image, and strain of the object, or
a combination thereof.

7. The ultrasound diagnostic apparatus of claim 1, further
comprising an actuator configured to induce displacement
by applying a mechanical force to the object.

8. The ultrasound diagnostic apparatus of claim 1, further
comprising a display configured to display at least one of an
intensity for inducing displacement, a magnitude of an
induced displacement, and strain, or information about a
combination thereof.

9. An ultrasound diagnostic apparatus control method
comprising:

inducing displacement in tissue of an object by irradiating
a first focused beam of a first frequency to the object;

10

May 2, 2019

obtaining a first ultrasound image of the object in which

displacement has been induced;
determining whether the induced displacement is appro-
priate based on the obtained first ultrasound image;

when the induced displacement is not appropriate, irra-
diating a second focused beam of a second frequency
different from the first frequency to the object, so as to
induce displacement in the tissue of the object; and

obtaining a second ultrasound image of the object in
which displacement has been induced by the second
focused beam.

10. The ultrasound diagnostic apparatus control method
of claim 9, further comprising, when the displacement
induced by the first focused beam is not appropriate, adjust-
ing at least one of a voltage and a number of cycles of the
second focused beam.

11. The ultrasound diagnostic apparatus control method of
claim 9, further comprising:

inducing displacement in the tissue by irradiating a third

focused beam of a third frequency different from the
first frequency to the object after the first focused beam
is irradiated, (and obtaining a third ultrasound image;
and

determining the second frequency based on the first

ultrasound image and the third ultrasound image,
wherein the second focused beam has the determined
second frequency.

12. The ultrasound diagnostic apparatus control method
of claim 9, further comprising, when an obstacle interfering
movement of a shear wave induced by the displacement is
detected in the second ultrasound image, changing a hori-
zontal focusing position of the second focused beam.

13. The ultrasound diagnostic apparatus control method
of claim 9, further comprising displaying information about
a focusing position of the focused beam, and information
about variation in the focusing position.

14. The ultrasound diagnostic apparatus control method
of claim 9, wherein the determining of whether the induced
displacement is appropriate comprises determining whether
the induced displacement is appropriate based on at least one
of a magnitude of the induced displacement, a quality index
of an elastic image, and strain of the object, or a combination
thereof.

15. A computer-readable recording medium storing com-
puter program codes for performing an ultrasound diagnos-
tic apparatus control method comprising:

inducing displacement in tissue of an object by irradiating

a first focused beam of a first frequency to the object;
obtaining a first ultrasound image of the object in which
displacement has been induced,
determining whether the induced displacement is appro-
priate based on the obtained first ultrasound image;

when the induced displacement is not appropriate, irra-
diating a second focused beam of a second frequency
different from the first frequency to the object, so as to
induce displacement in the tissue of the object; and

obtaining a second ultrasound image of the object in
which displacement has been induced by the second
focused beam.



[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

RU-—EFROIRE
BIMENE -—REXRKSEWHARPOUB AR , WEKEHNRK
BEZLSIBUBNNENE - BFRGETHRENE —EFEGEE
FESUBRASELFSUBTEEN , BHRLHTRETE MR
BIMENE-REXRRGE WG L, U EYEARTHNLE,HFE
RIEHE REXREBUBHYWENE —BEFER,

BERIMRERERH %

US20190125300A1 K (2E)R
US16/093372 iR
ZEZBEHZHKASH

=EMEDISON CO. , LTD.

=EMEDISON CO. , LTD.

KONG DONG GEON
CHOI SEONG HYEON
LEE HYOUNG KiI

KONG, DONG-GEON
CHOI, SEONG-HYEON
LEE, HYOUNG-KI

AG61B8/00 A61B8/08

patsnap

2019-05-02

2016-11-04

A61B8/42 A61B8/485 A61B8/463 A61B8/4488 A61B8/08 A61B8/54 A61B8/4411 A61B8/4427 A61B8

/488 A61B8/56 A61B8/58 A61B5/00

1020160044936 2016-04-12 KR

Espacenet USPTO

B, BRAEEE BT [ R RS

(8302)

(5304)

(8306)


https://share-analytics.zhihuiya.com/view/32913b23-c7c6-4e5f-9c8b-9a0dfa2c1483
https://worldwide.espacenet.com/patent/search/family/060042150/publication/US2019125300A1?q=US2019125300A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190125300%22.PGNR.&OS=DN/20190125300&RS=DN/20190125300

