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Description
TECHNICAL FIELD

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

BACKGROUND ART

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

[0003] Ultrasound diagnostic apparatuses transmit ultrasound 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 apparatuses
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, ultrasound 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 coefficient 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 objectis visualized as an image. US2015297175 discloses an ultrasound apparatus comprising a transmitting circuitry
configured to cause an ultrasound probe to transmit a displacement-generation ultrasonic wave to cause a displacement
in a tissue of a living body, and cause the probe to transmit an observation ultrasonic wave to observe a displacement
of a tissue of a living body in a predetermined scan region, the displacement caused based on the displacement-
generation ultrasonic wave. EP2995259 discloses an ultrasonic medical apparatus to optimize a transmit parameter of
an ultrasound or compensate for a receive parameter thereof according to subject features identified by analyzing an
echo signal of an impulse transmitted to the subject.

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 compression to the object.

SOLUTION TO PROBLEM

[0007] Accordingto an aspectofthe presentdisclosure, 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.

[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.
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[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 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.

[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 combi-
nation thereof.

[0015] According to another aspect of the present disclosure, 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 afirst 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 displacement is not appro-
priate, 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 disclosure, 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 displacement
is not appropriate, to control the probe to irradiate a second focused beam having a focusing position different 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 displacement has been induced by the second focused beam.

[0017] According to another aspect of the present disclosure, 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 displacement
is appropriate based on the obtained first ultrasound image; when the induced displacement is not appropriate, irradiating
a second focused beam having a focusing position 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 disclosure, a computer-readable recording medium stores computer
program codes for performing an ultrasound diagnostic 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 com-
pression 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.

FIG. 1 is a block diagram illustrating a configuration of an ultrasound diagnostic apparatus 100a according to an
embodiment.

FIG. 2 is a block diagram illustrating a configuration of an ultrasound diagnostic apparatus 100b according to an
embodiment.

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

FIG. 4 is a diagram for describing a process of inducing displacement in an object, according to an embodiment.
FIG. 5 illustrates a view displayed on a display 130, according to an embodiment.

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

FIG. 7 is adiagram for describing a process of adjusting a frequency of a focused beam, according to an embodiment.
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FIG. 8 is a diagram illustrating induction of displacement in an object, according to an embodiment.

FIG. 9 is a diagram for describing a process of adjusting displacement induced by an actuator 810, according to an
embodiment.

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

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

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

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

BEST MODE

[0022] Accordingto an aspectofthe presentdisclosure, 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 objectin 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

[0023] Alltermsincluding descriptive or technical terms which are used herein should be construed as having meanings
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.

[0024] 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.

[0025] Throughout the specification, an "image" may refer to multi-dimensional data composed of discrete image
elements. 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 apparatus,
a CT apparatus, and an MR imaging (MRI) apparatus.

[0026] 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.

[0027] 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 ultrasound 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, according to
an embodiment of the present disclosure, an ultrasound 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 1Q data is obtained by performing mixing processing
on beam-formed RF data by transforming a center frequency to 0 Hz.

[0028] 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.

[0029] 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.
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[0030] FIG. 1 is a block diagram illustrating a configuration of an ultrasound diagnostic apparatus 100a according to
an embodiment.

[0031] 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 aforementioned elements may be connected to each other via a bus 285.
[0032] The ultrasound diagnostic apparatus 100a according to an embodiment may be implemented as a cart-type
apparatus or a portable-type apparatus. Examples of a portable-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.

[0033] 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 100a in a wired or wireless manner, and according to embodiments, the ultrasound diagnostic apparatus
100a may include a plurality of probes 20.

[0034] 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 pulses, the delay times being necessary for determining transmission directionality. The pulses to which the delay
times have been applied respectively correspond to a plurality 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.

[0035] A receiver 220 generates ultrasound data by processing 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 processable 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.

[0036] The image processor 250 generates an ultrasound image by scan-converting ultrasound data generated by
the ultrasound transceiver 215, and displays the ultrasound image.

[0037] 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.

[0038] A B mode processor 241 extracts B mode components 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.

[0039] Equally, a Doppler processor 242 may extract Doppler components from ultrasound data, and the image gen-
erator 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.

[0040] The image generator 255 may generate a 3D ultrasound 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.
[0041] 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.
[0042] The display 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.

[0043] Furthermore, when the display 260 and a user interface form a layer structure to form a touchscreen, the 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.

[0044] 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.

[0045] 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
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communication according to the digital imaging and communications in medicine (DICOM) standard.

[0046] 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 computed tomography (CT) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Furthermore, 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.

[0047] 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.

[0048] The short range communication module 271 refers to a module for short range communication within a certain
distance. Examples of short range communication techniques 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 communication (NFC),
or the like.

[0049] 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.

[0050] 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.

[0051] The memory 280 stores various information processed by the ultrasound diagnostic apparatus 100a. For ex-
ample, 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 algorithms or programs which are to be executed in the
ultrasound diagnostic apparatus 100a.

[0052] 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 ultrasound
diagnostic apparatus 100a may run web storage or a cloud server that performs the storage function of the memory 280
on the Internet.

[0053] 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. Furthermore, the input device 290 may include a fingerprint
recognition sensor to detect a user’s fingerprint. In addition, the input device 290 may further include various other
components including an electrocardiogram (ECG) measuring module, a respiration measuring module, a voice recog-
nition 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 touchscreen in which a touch pad forms a layer structure with the
display 260.

[0054] The ultrasound diagnostic apparatus 100a according 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.

[0055] According to an embodiment, the ultrasound diagnostic 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.

[0056] 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.

[0057] 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 controller 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 processing the program codes. Also, at least some of the ultrasound transceiver
215, theimage processor 250, and the communicator 270 may be included in the controller 295, but the presentdisclosure
is not limited thereto.

[0058] FIG. 2 is a block diagram illustrating a configuration of an ultrasound diagnostic apparatus 100b according to
an embodiment.
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[0059] The ultrasound diagnostic apparatus 100b according to an embodiment includes the probe 20, a processor
120, and a display 130. According to some embodiments, the ultrasound diagnostic apparatus 100b may include the
probe 20 and the processor 120 and may not include the display 130.

[0060] 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 correspond 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 100b shown in FIG. 2.

[0061] 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 piezoelectric 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 displacement
in tissue is induced. When the displacement in the object is induced, the ultrasound diagnostic apparatus 100a may
image an ultrasound image and may obtain an ultrasound image of an elastic mode.

[0062] The processor 120 controls all operations of the ultrasound diagnostic apparatus 100b 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
processor 120 may operate due to one or more software modules generated by executing program codes stored in the
memory 280.

[0063] 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 com-
pressionis applied. The displacement may be calculated by performing auto-correlation or cross-correlation on ultrasound
images obtained before and after movement of an object. As another example, the displacement may be calculated by
using a difference image with respect to an ultrasound image or by differentiating the obtained ultrasound image with
respect to time. Also, the processor 120 calculates strain by differentiating the calculated displacement 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.

[0064] 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
processor 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 displacement 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
displacement 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.
[0065] A process of inducing displacement while changing a setting value may be repeatedly performed a plurality 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 displacement may
be preset in the ultrasound diagnostic apparatus 100b, 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.

[0066] 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 parameter, 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.

[0067] According to some embodiments, whether an induced displacement is appropriate may be determined based
on at least one of a magnitude of the induced displacement, 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 displacement 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.

[0068] According to an embodiment, the ultrasound diagnostic apparatus 100b may operate in an elastic mode, and
the ultrasound image may be an ultrasound image of the elastic mode.

[0069] The display 130 displays an operating state of the ultrasound diagnostic apparatus 100b, an ultrasound image,
a user interface screen image, or the like. According to some embodiments, the display 130 may have one or more
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display panels. According to an embodiment, the display 130 may be embodied in the form of a touchscreen.

[0070] Hereinafter, an ultrasound diagnostic apparatus including embodiments disclosed in the present specification
will now be referenced using reference numeral 100. However, even when reference numerals such as 100a and 100b
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.

[0071] FIG. 3 is a diagram for describing a process of inducing displacement in the object 310.

[0072] 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, compression may be applied to the object 310 by pressing the object
310 by using the probe 20, and displacement 1 may be induced (S304). When the displacement 81 of the object 310
is induced, a length of the object 310 may be decreased in a compression direction. For example, as illustrated in S304
of FIG. 3, the length of the object 310 may be decreased from L1 to (LI- 31) by being decreased by 51. When the
compression is applied to the object 310 and thus the displacement occurs, the displacement varies according to con-
ditions 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.
[0073] 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 / LI). 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.

[0074] 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 compression 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 compression 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.

[0075] 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 inexperienced user may obtain a high quality elastic image.

[0076] FIG. 4 is adiagram for describing a process of inducing displacement in an object, according to an embodiment.
[0077] According to an embodiment, the probe 20 may induce displacement in the object 310 by irradiating an ultra-
sound 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 420b are generated, the shear waves
420a and 420b moving from a generation point of the displacement 410 in a vertical direction of the displacement 410.
[0078] A mode ofimaging shear waves of the object 310 is 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 420b from the object 310. Features of the induced displacement 410 and shear waves 420a and 420b
vary 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 displacement 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.

[0079] According to an embodiment, the first setting value and the second setting value are defined by frequencies.
Thatis, 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 ultrasound 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 determines
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 toirradiate 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.

[0080] The ultrasound diagnostic apparatus 100b according 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



10

15

20

25

30

35

40

45

50

EP 3 443 909 B1

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 embodiment, 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 objectin which displacement has been induced. The processor 120 determines
a second setting value based on the first ultrasound 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.

[0081] 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 ultrasound 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 processor
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 ultrasound image of the object in which displacement has been induced.
[0082] In a case where an obstacle such as a cyst, blood vessels, or the like is present at the focusing position 408
of 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 measurement 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 processor
120 calculates the quality index by using the first reliability score and the second reliability score.

[0083] A first reliability score score,, to be determined by the shear wave speed may be defined by using Equation 1.

[Equation 1]

0.2 0.2 Xt i
score, = (——— Y Xu-(——)
U max U min U max ™ U min
[0084] In this regard, u,,, and u,,, are preset values, and u refers to observed displacement.

[0085] A shear wave satisfies the wave equation of Equation 2, but when an error included in an observed shear wave
is increased, a residual value res of Equation 3 is increased.

[ Equation 2 ]

2

g Zt -*V =0
t

[Equation 3]

o)

u 5

res=% | 7 5 -Vl ?
{

[0086] In this regard, t refers to time, c refers to an ultrasound speed, and V2 is Laplacian.
[0087] A residual value may be standardized using Equation 4, and a standardized residual value res,, may be calcu-
lated, such that a value corresponding to a signal-to-noise ratio (SNR) may be achieved.
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[ Equation 4 ]
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[0088] A second reliability score score ., may be calculated by using Equation 5 using the standardized residual value.

[Equation 5]
3 0.8 0.8 X7es
score,,~(—— ) Xres F(——
¥ES o ~FES i 728 e~ VES min

[0089] In this regard, res,,,, and res,,;, are predefined parameters.

[0090] A final reliability score RI 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 score .

[ Equation 6 ]

RI=score,,Tscore,,,
O<score,<0.2

0<score,,,<0.8

[0091] The processor 120 may compare the final reliability score Rl with a reference value and then may determine
whether induced displacement is appropriate. For example, when the final reliability score Rl is less than the reference
value, the processor 120 may determine that the induced displacement is not appropriate.

[0092] FIG. 5illustrates a view displayed on the display 130, according to an embodiment.

[0093] 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 position
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 displacementin 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.

[0094] 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 displacement
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.

[0095] According to an embodiment, the display 130 may display at least one of a magnitude of displacement, a quality
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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 indicator 532 in a box 530 indicating an entire range of quality
indexes of shear wave elasticity, the box 530 indicating a value of a quality index of shear wave elasticity which is
calculated from an ultrasound image.

[0096] The processor 120 may adjust the focusing position by adjusting an ultrasound signal output sequence of a
transducer array of the probe 20.

[0097] FIG. 6 illustrates a view displayed on the display 130, according to an embodiment.

[0098] According to an embodiment, when induced displacement 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.

[0099] Accordingto an embodiment, as illustrated in FIG. 6, an indicator indicating the focusing position 520 according
to a first setting value is displayed on the ultrasound image 510, and as candidates of a focusing position according to
a second setting value, indicators indicating a first candidate position 620a and a second candidate position 620b 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 620b by using a cursor 610.

[0100] 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.

[0101] 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 frequency. An acoustic radiation force that involves causing dis-
placement is proportional to the intensity. Equation 7 refers to an acoustic radiation force (F).

[ Equation 7 ]

[0102] In this regard, F refers to an acoustic radiation force, | refers to intensity of a focused beam, c refers to a speed
of ultrasound waves, and o refers to an attenuation coefficient.
[0103] Intensity I(x) of the focused beam at a position x is defined by using Equation 8.

[Equation 8]
I(x)=I,Xe R

[0104] In this regard, |, refers to intensity of a focused beam output from the probe 20, e refers to a natural constant,
o refers to an attenuation coefficient, f refers to a frequency, and x refers to a depth.

[0105] When the depth is small and the focused beam has a center frequency, the intensity is at its peak. When the
depthis large and attenuation is large, the intensity is large at a low frequency. In a case of a patient with high attenuation,
it is preferable to further decrease a frequency than a 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 displacement.

[0106] 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.

[0107] FIG. 8 is a diagram where displacement in an object is induced, according to an embodiment.

[0108] According to an embodiment, the ultrasound diagnostic apparatus 100b 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 33 of the object 310 is induced due to
the compression from the probe 20.

[0109] FIG. 9 is a diagram for describing a process of adjusting displacement induced by the actuator 810, according
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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.

[0110] According to the present embodiment, a first setting value and a second setting value are determined by a
frequency and amplitude of the actuator 810.

[0111] When displacement is not appropriate, the processor 120 may re-induce displacement by adjusting at least
one of a frequency and amplitude of an actuator, or a combination 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 (S908).
Which one of the frequency and the amplitude of the actuator 810 is first increased may vary according to embodiments.
[0112] FIG. 10 is a diagram illustrating a determination reference for determining whether an induced displacement
is appropriate, according to an embodiment.

[0113] 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.

[0114] 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 value Rl the processor 120 may determine that displacement 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.

[0115] 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.

[0116] 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.

[0117] 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 reference value S 44 or is greater than the second reference value
Sefp, the processor 120 may determine that the induced displacement is not appropriate.

[0118] 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 value Rl 44, 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.

[0119] 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.

[0120] According to an embodiment, a graph of the quality index with respect to the strain may have a Gaussian curve
1210 having a peak at a target reference value Sy, The processor 120 may calculate the strain from an ultrasound
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 Rl 44, 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.

[0121] 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 appropriate
range.

[0122] FIG. 13 is a flowchart illustrating an ultrasound diagnostic apparatus control method according to an embodi-
ment.

[0123] Operations of the ultrasound diagnostic apparatus control method may be performed by an ultrasound diagnostic
apparatus including a processor enabled to perform image processing, and a storage medium. In the present specification,
an embodiment in which the ultrasound diagnostic apparatus 100a or 100b according to the embodiments performs the
ultrasound diagnostic apparatus control method will now be described.

[0124] Thus, the embodiments described with reference to the ultrasound diagnostic apparatus 100a or 100b may be
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 100b. The ultrasound diagnostic apparatus control method
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according to the embodiments is performed by the ultrasound diagnostic apparatus 100a or 100b 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 diag-
nostic apparatus 100a or 100b are not provided here.

[0125] The ultrasound diagnostic apparatus 100 induces displacement in an object by using a first setting value
(81302). 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.

[0126] Next, the ultrasound diagnostic apparatus 100 obtains an ultrasound image after the displacement in the object
is induced (S1304). The ultrasound diagnostic apparatus 100 may obtain the ultrasound image from an eco signal
obtained by the probe 20.

[0127] The ultrasound diagnostic apparatus 100 determines, from the obtained ultrasound image, whether the induced
displacement is appropriate (S1306). The ultrasound diagnostic apparatus 100 determines whether the induced dis-
placement is appropriate, by using a value such as a magnitude of the displacement, strain, a quality index, or the like.
[0128] 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.

[0129] According to the present embodiment, strain may be maintained in an appropriate range.

[0130] Theultrasound diagnostic apparatus and the control method therefor of the present disclosure may be embodied
as computer-readable codes on a computer-readable 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 storage devices, etc. and may also include implementation as carrier waves
such as data transmission through the Internet. The computer-readable recording medium may be distributed over
network-connected computer systems so that the computer-readable codes are stored and executed in a distributed
fashion.

Claims
1. An ultrasound diagnostic apparatus (100) comprising:

a probe (20) configured to induce displacement in tissue of an object (10) by irradiating a first focused beam of
a first frequency to the object; and

a processor (250) 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 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.

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 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.

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.
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The ultrasound diagnostic apparatus of claim 1, further comprising a display (260) configured to display information
about a focusing position of the focused beam, and information about variation in the focusing position.

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.

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.

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;
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 displacement 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.

The ultrasound diagnostic apparatus control method of claim 8, further comprising, when the displacement induced
by the first focused beam is not appropriate, adjusting at least one of a voltage and a number of cycles of the second
focused beam.

The ultrasound diagnostic apparatus control method of claim 8, 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.

The ultrasound diagnostic apparatus control method of claim 8, further comprising, when an obstacle interfering
movement of a shear wave induced by the displacement is detected in the second ultrasound image, changing a
horizontal focusing position of the second focused beam.

The ultrasound diagnostic apparatus control method of claim 8, further comprising displaying information about a
focusing position of the focused beam, and information about variation in the focusing position.

The ultrasound diagnostic apparatus control method of claim 8, 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.

A computer-readable recording medium storing computer program codes for performing 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;
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 displacement 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.
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Patentanspriiche

1.

Ultraschalldiagnosevorrichtung (100), die Folgendes umfasst:

eine Sonde (20), die dazu konfiguriert ist, eine Verschiebung bei einem Gewebe eines Objekts (10) zu bewirken,
indem ein erster fokussierter Strahl mit einer ersten Frequenz auf das Objekt ausgestrahlt wird; und

einen Prozessor (250), der zu Folgendem konfiguriert ist: Erhalten eines ersten Ultraschallbilds des Objekts,
bei dem eine Verschiebung bewirkt worden ist; Bestimmen, ob die bewirkte Verschiebung angemessen ist, und
zwar basierend auf dem erhaltenen ersten Ultraschallbild; wenn die bewirkte Verschiebung nicht angemessen
ist, Steuern der Sonde derart, dass sie einen zweiten fokussierten Strahl mit einer zweiten Frequenz, die sich
von der ersten Frequenz unterscheidet, auf das Objekt ausstrahlt, um eine Verschiebung bei dem Gewebe des
Objekts zu bewirken; und

Verarbeiten eines zweiten Ultraschallbilds des Objekts, bei dem durch den zweiten fokussierten Strahl eine
Verschiebung bewirkt worden ist.

Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei, wenn die durch den ersten fokussierten Strahl bewirkte
Verschiebung nicht angemessen ist, der Prozessor weiterhin dazu konfiguriert ist, eine Stromspannung und/oder
eine Anzahl von Zyklen des zweiten fokussierten Strahls anzupassen.

Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei

die Sonde weiterhin dazu konfiguriert ist, eine Verschiebung bei dem Gewebe zu bewirken, indem ein dritter fokus-
sierter Strahl mit einer dritten Frequenz, die sich von der ersten Frequenz unterscheidet, auf das Objekt ausgestrahlt
wird, nachdem der erste fokussierte Strahl ausgestrahlt wurde, und

der Prozessor weiterhin dazu konfiguriert ist, die zweite Frequenz basierend auf dem ersten Ultraschallbild und dem
dritten Ultraschallbild zu bestimmen, und die Sonde derart zu steuern, dass sie den zweiten fokussierten Strahl mit
der bestimmten zweiten Frequenz auf das Objekt ausstrahilt.

Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei, wenn ein Hindernis, das die Bewegung einer durch die
Verschiebung bewirkten Scherwelle behindert, in dem zweiten Ultraschallbild erfasst wird, der Prozessor weiterhin
dazu konfiguriert ist, die Sonde derart zu steuern, dass sie eine horizontale Fokusposition des zweiten fokussierten
Strahls éndert.

Ultraschalldiagnosevorrichtung nach Anspruch 1, die weiterhin eine Anzeige (260) umfasst, die dazu konfiguriert
ist, Informationen Uber eine Fokusposition des fokussierten Strahls und Informationen Uber eine Abweichung bei
der Fokusposition anzuzeigen.

Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei der Prozessor weiterhin dazu konfiguriert ist, zu bestimmen,
ob die bewirkte Verschiebung angemessen ist, und zwar basierend auf einer Gré3e der bewirkten Verschiebung,
einem Qualitétsindex eines elastischen Bildes und/oder einer Verformung des Objekts, oder einer Kombination
davon.

Ultraschalldiagnosevorrichtung nach Anspruch 1, die weiterhin eine Anzeige umfasst, die dazu konfiguriert ist, eine
Intensitat zum Bewirken einer Verschiebung, eine GréRRe einer bewirkten Verschiebung und/oder eine Verformung,
oder Informationen Uber eine Kombination davon anzuzeigen.

Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung, wobei das Verfahren Folgendes umfasst:

Bewirken einer Verschiebung bei einem Gewebe eines Objekts, indem ein erster fokussierter Strahl mit einer
ersten Frequenz auf das Objekt ausgestrahlt wird;

Erhalten eines ersten Ultraschallbilds des Objekts, bei dem eine Verschiebung bewirkt worden ist;
Bestimmen, ob die bewirkte Verschiebung angemessen ist, und zwar basierend auf dem erhaltenen ersten
Ultraschallbild;

wenn die bewirkte Verschiebung nicht angemessen ist, Ausstrahlen eines zweiten fokussierten Strahls mit einer
zweiten Frequenz, die sich von der ersten Frequenz unterscheidet, auf das Objekt, um eine Verschiebung bei
dem Gewebe des Objekts zu bewirken; und

Verarbeiten eines zweiten Ultraschallbilds des Objekts, bei dem durch den zweiten fokussierten Strahl eine
Verschiebung bewirkt worden ist.
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Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung nach Anspruch 8, das weiterhin Folgendes umfasst:
wenn die durch den ersten fokussierten Strahl bewirkte Verschiebung nicht angemessen ist, Anpassen einer Strom-
spannung und/oder einer Anzahl von Zyklen des zweiten fokussierten Strahls.

Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung nach Anspruch 8, wobei das Verfahren weiterhin
Folgendes umfasst:

Bewirken einer Verschiebung bei dem Gewebe, indem ein dritter fokussierter Strahl mit einer dritten Frequenz,
die sich von der ersten Frequenz unterscheidet, auf das Objekt ausgestrahlt wird, nachdem der erste fokussierte
Strahl ausgestrahlt wurde, und Erhalten eines dritten Ultraschallbilds; und

Bestimmen der zweiten Frequenz basierend auf dem ersten Ultraschallbild und dem dritten Ultraschallbild,
wobei der zweite fokussierte Strahl die bestimmte zweite Frequenz aufweist.

Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung nach Anspruch 8, wobei das Verfahren weiterhin
Folgendes umfasst: wenn ein Hindernis, das die Bewegung einer durch die Verschiebung bewirkten Scherwelle
behindert, in dem zweiten Ultraschallbild erfasst wird, Andern einer horizontalen Fokusposition des zweiten fokus-
sierten Strahls.

Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung nach Anspruch 8, wobei das Verfahren weiterhin
Folgendes umfasst: Anzeigen von Informationen uber eine Fokusposition des fokussierten Strahls und von Infor-
mationen Uber eine Abweichung bei der Fokusposition.

Verfahren zur Steuerung einer Ultraschalldiagnosevorrichtung nach Anspruch 8, wobei das Bestimmen, ob die
bewirkte Verschiebung angemessenist, Folgendes umfasst: Bestimmen, ob die bewirkte Verschiebung angemessen
ist, und zwar basierend auf einer Gro3e der bewirkten Verschiebung, einem Qualitatsindex eines elastischen Bildes
und/oder einer Verformung des Objekts, oder einer Kombination davon.

Computerlesbares Aufzeichnungsmedium, auf dem Computerprogrammcodes zur Durchflihrung eines Verfahrens
zur Steuerung einer Ultraschalldiagnosevorrichtung gespeichert sind, wobei das Verfahren Folgendes umfasst:

Bewirken einer Verschiebung bei einem Gewebe eines Objekts, indem ein erster fokussierter Strahl mit einer
ersten Frequenz auf das Objekt ausgestrahlt wird;

Erhalten eines ersten Ultraschallbilds des Objekts, bei dem eine Verschiebung bewirkt worden ist;
Bestimmen, ob die bewirkte Verschiebung angemessen ist, und zwar basierend auf dem erhaltenen ersten
Ultraschallbild;

wenn die bewirkte Verschiebung nicht angemessen ist, Ausstrahlen eines zweiten fokussierten Strahls mit einer
zweiten Frequenz, die sich von der ersten Frequenz unterscheidet, auf das Objekt, um eine Verschiebung bei
dem Gewebe des Objekts zu bewirken; und

Verarbeiten eines zweiten Ultraschallbilds des Objekts, bei dem durch den zweiten fokussierten Strahl eine
Verschiebung bewirkt worden ist.

Revendications

1.

Appareil de diagnostic échographique (100) comprenant :

une sonde (20) congue pour induire un déplacement dans les tissus d’un objet (10) par rayonnement d’'un
premier faisceau focalisé d’'une premiere fréquence vers I'objet, et

un processeur (250) congu pour obtenir une premiére image échographique de I'objet dans laquelle un dépla-
cement a été induit ; pour déterminer si le déplacement induit est approprié compte tenu de la premiére image
échographique obtenue ; sile déplacement induit n’est pas approprié, pour commander a la sonde de rayonner
un deuxiéme faisceau focalisé d’une deuxiéme fréquence, différente de la premiere fréquence, vers l'objet, de
facon a induire un déplacement dans les tissus de I'objet ; et pour traiter une deuxiéme image échographique
de l'objet dans laquelle un déplacement a été induit par le deuxiéme faisceau focalisé.

2. Appareil de diagnostic échographique selon la revendication 1, dans lequel, sile déplacement induit par le premier

faisceau focalisé n’est pas approprié, le processeur est congu en outre pour adapter la tension et/ou le nombre de
cycles du deuxiéme faisceau focalisé.
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Appareil de diagnostic échographique selon la revendication 1, dans lequel la sonde est congue en outre pour
induire un déplacement dans les tissus par rayonnement d’un troisiéme faisceau focalisé d’'une troisieme fréquence,
différente de la premiére fréquence, vers I'objet aprés le rayonnement du premier faisceau focalisé, et

le processeur est congu en outre pour déterminer la deuxieme fréquence compte tenu de la premiére image écho-
graphique et de la troisieme image échographique, et pour commander a la sonde de rayonner le deuxiéme faisceau
focalisé de la deuxieme fréquence déterminée vers |'objet.

Appareil de diagnostic échographique selon la revendication 1, dans lequel, si un obstacle entravant le mouvement
d'une onde de cisaillement induite par le déplacement est détecté dans la deuxiéme image échographique, le
processeur est congu en outre pour commander a la sonde de modifier la position horizontale de focalisation du
deuxiéme faisceau focalisé.

Appareil de diagnostic échographique selon la revendication 1, comprenant en outre un écran (260) congu pour
afficher des informations concernant la position de focalisation du faisceau focalisé, et des informations concernant
la variation de la position de focalisation.

Appareil de diagnostic échographique selon la revendication 1, dans lequel le processeur est congu en outre pour
déterminer si le déplacement induit est approprié compte tenu de la grandeur du déplacement induit, d’'un indice
de qualité d’'une image élastique et/ou de la déformation de l'objet.

Appareil de diagnostic échographique selon la revendication 1, comprenant en outre un écran congu pour afficher
l'intensité relative a I'induction d’'un déplacement, la grandeur du déplacement induit et/ou la déformation, ou des
informations concernant une combinaison de ces valeurs.

Procédé de commande d’un appareil de diagnostic échographique, comprenant :

l'induction d’'un déplacement dans les tissus d’'un objet par rayonnement d’'un premier faisceau focalisé d’'une
premiére fréquence vers 'objet,

I'obtention d’'une premiére image échographique de I'objet dans laquelle un déplacement a été induit,

la détermination du fait ou non que le déplacement induit est approprié compte tenu de la premiére image
échographique obtenue,

si le déplacement induit n’est pas approprié, le rayonnement d’'un deuxiéme faisceau focalisé d’une deuxiéme
fréquence, différente de la premiére fréquence vers I'objet, de facon a induire un déplacement dans les tissus
de l'objet, et

I'obtention d’'une deuxiéme image échographique de 'objet dans laquelle un déplacement a été induit par le
deuxiéme faisceau focalisé.

Procédé de commande d’'un appareil de diagnostic échographique selon la revendication 8, comprenant en outre,
si le déplacement induit par le premier faisceau focalisé n’est pas approprié, I'adaptation de la tension et/ou du
nombre de cycles du deuxiéme faisceau focalisé.

Procédé de commande d’un appareil de diagnostic échographique selon la revendication 8, comprenant en outre :

l'induction d’'un déplacement dans les tissus par rayonnement d’un troisiéme faisceau focalisé d’'une troisieme
fréquence, différente de la premiére fréquence, vers 'objet apres le rayonnement du premier faisceau focalise,
et 'obtention d'une troisieme image échographique, et

la détermination de la deuxieme fréquence compte tenu de la premiére image échographique et de la troisieme
image échographique ;

ledit deuxieme faisceau focalisé ayant la deuxieéme fréquence déterminée.

Procédé de commande d’'un appareil de diagnostic échographique selon la revendication 8, comprenant en outre,
si un obstacle entravant le mouvement d’'une onde de cisaillement induite par le déplacement est détecté sur la
deuxiéme image échographique, la modification de la position horizontale de focalisation du deuxiéme faisceau
focalisé.

Procédé de commande d’un appareil de diagnostic échographique selon la revendication 8, comprenant en outre

I'affichage d’'informations concernant la position de focalisation du faisceau focalisé, et d’'informations concernant
la variation de position de focalisation.
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Procédé de commande d’'un appareil de diagnostic échographique selon la revendication 8, dans lequel la déter-
mination du fait ou non que le déplacement induit est approprié comprend la détermination du fait ou non que le
déplacement induit est approprié compte tenu de la grandeur du déplacement induit, d’un indice de qualité d’'une
image élastique et/ou de la déformation de I'objet.

Support d’enregistrement lisible par ordinateur sur lequel sont stockés des codes de programme informatique
permettant de réaliser un procédé de commande d’un appareil de diagnostic échographique, comprenant :

l'induction d’'un déplacement dans les tissus d’'un objet par rayonnement d’un premier faisceau focalisé d’'une
premiére fréquence vers 'objet,

I'obtention d’'une premiére image échographique de I'objet dans laquelle un déplacement a été induit,

la détermination du fait ou non que le déplacement induit est approprié compte tenu de la premiére image
échographique obtenue,

si le déplacement induit n’est pas approprié, le rayonnement d’'un deuxiéme faisceau focalisé d’une deuxiéme
fréquence, différente de la premiére fréquence vers I'objet, de fagcon a induire un déplacement dans les tissus
de l'objet, et

I'obtention d’'une deuxiéme image échographique de 'objet dans laquelle un déplacement a été induit par le
deuxiéme faisceau focalisé.
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