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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to U.S. Provisional Application No.
62/572,676, filed on Oct. 16, 2017, in the US Patent and
Trademark Office and to Korean Patent Application No.
10-2018-0039331, filed on Apr. 4, 2018, in the Korean
Intellectual Property Office, the disclosures of which are
incorporated by reference herein in their entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to ultrasound diagnosis
apparatuses and methods of operating the same.

2. Description of Related Art

[0003] Ultrasound diagnosis apparatuses transmit, to an
object, ultrasound signals generated by transducers of a
probe and detect information about signals reflected from
the object, thereby obtaining at least one image of an internal
part, for example, soft tissue or blood flow, of the object.

SUMMARY

[0004] An ultrasound diagnosis apparatus may comntrol a
power circuit which reduces a load of a high voltage power
source during a shear wave mode and may supply power
required for generating a shear wave to a transmission
circuit, thereby generating a distortion-free pulse.

[0005] A power circuit may be designed in a board form
and mounted on an ultrasound diagnosis apparatus without
the power circuit.

[0006] Provided is a non-transitory computer-readable
recording medium having recorded thereon a program for
executing, on a computer, methods of operating the ultra-
sound diagnosis apparatus.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0008] In accordance with an aspect of the disclosure, an
ultrasound diagnosis apparatus includes: a high voltage
power source; a transmission circuit configured to receive
power from the high voltage power source, generate a pulse
generating an ultrasound wave, and apply the ultrasound
wave to a probe in the ultrasound diagnosis apparatus; a
power circuit configured to receive the power from the high
voltage power source and charge a capacitor with electric
energy when the ultrasound diagnosis apparatus operates in
a shear wave mode, and supply, to the transmission circuit,
shear wave mode power used for generating a shear wave
based on the electric energy; and a processor configured to
control the power circuit configured to supply the shear
wave mode power when the shear wave mode is in opera-
tion, and control the high voltage power source and the
power circuit such that insufficient power of the shear wave
mode power is supplied from the high voltage power source
to the transmission circuit.

[0009] When the electric energy stored in the power
circuit is reduced when the shear wave mode power is
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supplied from the power circuit to the transmission circuit,
the processor may be further configured to control the high
voltage power source and the power circuit such that the
insufficient power supplied from the high voltage power
source increases and the shear wave mode power is supplied
constantly from the power circuit to the transmission circuit.
[0010] The power circuit may include: a capacitor to
charge the electric energy for supplying the shear wave
mode power; a constant current circuit connected with the
high voltage power source, and configured to supply the
electric energy for supplying the shear wave mode power to
the capacitor; a first switch configured to control connection
between the constant current circuit and the capacitor; and a
second switch configured to control connection between the
capacitor and the transmission circuit.

[0011] The processor may be further configured to control
the power circuit such that the connection between the
constant current circuit and the capacitor is cut off by turning
off the first switch, and the capacitor is connected with the
transmission circuit by turning on the second switch, to
supply the shear wave mode power to the transmission
circuit based on the electric energy stored in the capacitor.
[0012] The processor may be further configured to control
the power circuit such that the constant current circuit is
connected with the capacitor by turning on the first switch,
and the connection between the capacitor and the transmis-
sion circuit is cut off by turning off the second switch, to
charge the capacitor with the electric energy based on a
current supplied from the constant current circuit.

[0013] The power circuit may further include a discharg-
ing circuit configured to discharge the electric energy stored
in the capacitor.

[0014] The discharging circuit may include a third switch
configured to control connection between the capacitor and
a ground, and when the shear wave mode ends or an
operation of charging the capacitor with the electric energy
is not performed, the processor may be further configured to
control the discharging circuit such that the capacitor is
connected with the ground by turning on the third switch to
discharge the electric energy stored in the capacitor.
[0015] The transmission circuit may be further configured
to generate a pulse generating the shear wave by using the
shear wave mode power and apply the pulse to the probe.
[0016] The processor may be further configured to control
the probe such that the shear wave is transmitted to an
object, an echo signal of the shear wave, reflected from the
object, is received to calculate a propagation velocity of the
shear wave, and an elasticity image is generated.

[0017] The processor may be further configured to control
the power circuit such that the electric energy stored in the
power circuit is supplied to the transmission circuit when the
shear wave mode is in operation, and control the power
circuit such that the electric energy stored in the power
circuit is not supplied to the transmission circuit when a
mode other than the shear wave mode is in operation.
[0018] In accordance with another aspect of the disclo-
sure, a method of operating an ultrasound diagnosis appa-
ratus for generating a shear wave includes: controlling a
power circuit in the ultrasound diagnosis apparatus such that
power supplied from a high voltage power source in the
ultrasound diagnosis apparatus is stored in a capacitor as
electric energy when the ultrasound diagnosis apparatus
operates in a shear wave mode, and shear wave mode power
used for generating the shear wave is supplied to a trans-
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mission circuit in the ultrasound diagnosis apparatus, based
on the electric energy; controlling the high voltage power
source such that insufficient power of the shear wave mode
power is supplied to the transmission circuit when the shear
wave mode is in operation; and controlling the transmission
circuit to generate a pulse for generating the shear wave by
using the shear wave mode power, and apply the pulse to a
probe in the ultrasound diagnosis apparatus.

[0019] In accordance with another aspect of the disclo-
sure, a non-transitory computer-readable recording medium
having recorded thereon a program for executing a method
of operating an ultrasound diagnosis apparatus for generat-
ing a shear wave is provided, the method including: con-
trolling a power circuit in the ultrasound diagnosis apparatus
such that power supplied from a high voltage power source
in the ultrasound diagnosis apparatus is stored as electric
energy when the ultrasound diagnosis apparatus operates in
a shear wave mode, and shear wave mode power used for
generating the shear wave is supplied to a transmission
circuit in the ultrasound diagnosis apparatus, based on the
electric energy; controlling the high voltage power source
such that insufficient power of the shear wave mode power
is supplied to the transmission circuit when the shear wave
mode is in operation; and controlling the transmission circuit
to generate a pulse for generating the shear wave by using
the shear wave mode power, and apply the pulse to a probe
in the ultrasound diagnosis apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0021] FIG. 1 is a block diagram of an ultrasound diag-
nosis apparatus according to an embodiment;

[0022] FIGS. 2A to 2C are views of an ultrasound diag-
nosis apparatus according to an embodiment;

[0023] FIG. 3 is a block diagram of an ultrasound diag-
nosis apparatus according to an embodiment;

[0024] FIG. 4 is a view for explaining a process of
controlling a power circuit such that a capacitor in the power
circuit is charged with electric energy for supplying shear
wave mode power to a transmission circuit in an ultrasound
diagnosis apparatus, according to an embodiment;

[0025] FIG. 5 is a view for explaining a process of
controlling a power circuit such that shear wave mode power
is supplied to a transmission circuit by using electric energy
stored in a capacitor in the power circuit in an ultrasound
diagnosis apparatus, according to an embodiment;

[0026] FIG. 6 is a view for explaining shear wave mode
power supplied to a transmission circuit when an ultrasound
diagnosis apparatus operates in a shear wave mode, accord-
ing to an embodiment;

[0027] FIG. 7 is a view for explaining power supplied to
a transmission circuit when an ultrasound diagnosis appa-
ratus operates in a mode other than a shear wave mode,
according to an embodiment;

[0028] FIG. 8isa view of a distorted pulse generated in an
ultrasound diagnosis apparatus when the ultrasound diag-
nosis apparatus operates in a shear wave mode without a
power circuit, according to an embodiment:

[0029] FIG.9is aview ofa distortion-free pulse generated
in an ultrasound diagnosis apparatus when the ultrasound
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diagnosis apparatus has a power circuit mounted thereon and
operates in a shear wave mode, according to an embodiment;
[0030] FIGS. 10 and 11 are views for explaining a process
of discharging electric energy stored in a capacitor in a
power circuit of an ultrasound diagnosis apparatus, accord-
ing to an embodiment;

[0031] FIG. 12 is a flowchart for explaining a method of
operating an ultrasound diagnosis apparatus which generates
a shear wave, according to an embodiment; and

[0032] FIG. 13 is a flowchart for explaining a method of
operating an ultrasound diagnosis apparatus which generates
a shear wave, according to another embodiment.

DETAILED DESCRIPTION

[0033] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0034] In the following description, the same drawing
reference numerals are used for the same elements even in
different drawings. The matters defined in the description,
such as detailed construction and elements, are provided to
assist in a comprehensive understanding of the exemplary
embodiments. Thus, it is apparent that the exemplary
embodiments can be carried out without those specifically
defined matters. Also, well-known functions or construc-
tions are not described in detail since they would obscure the
exemplary embodiments with unnecessary detail.

[0035] Terms such as “part” and “portion” used herein
denote those that may be embodied by software or hardware.
According to the exemplary embodiments, a plurality of
parts or portions may be embodied by a single unit or
element, or a single part or portion may include a plurality
of elements.

[0036] In the exemplary embodiments, an image may
include any medical image acquired by various medical
imaging apparatuses such as a magnetic resonance imaging
(MRI) apparatus, a computed tomography (CT) apparatus,
an ultrasound imaging apparatus, or an X-ray apparatus.
[0037] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
a part of a human, that is, an organ or a tissue, or a phantom.
[0038] Throughout the specification, an ultrasound image
refers to an image of an object processed based on ultra-
sound signals transmitted to the object and reflected there-
from.

[0039] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nosis apparatus, according to an exemplary embodiment.
[0040] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, an image processor 130, one or more
displays 140, a storage 150, e.g., a memory, a communicator
160, i.e., a communication device or an interface, and an
input interface 170.

[0041] The ultrasound diagnosis apparatus 100 may be of
a cart-type or a portable-type ultrasound diagnosis appara-
tus, that is portable, moveable, mobile, or hand-held.
Examples of the portable-type ultrasound diagnosis appara-
tus 100 may include a smart phone, a laptop computer, a
personal digital assistant (PDA), and a tablet personal com-
puter (PC), each of which may include a probe and a
software application, but embodiments are not limited
thereto.
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[0042] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmitting signals
received by the probe 20, from a transmitter 113. The
plurality of transducers may receive ultrasound signals
reflected from the object 10 to generate reception signals. In
addition, the probe 20 and the ultrasound diagnosis appara-
tus 100 may be formed in one body (e.g., arranged in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., arranged
separately in separate housings) but linked wirelessly or via
wires. In addition, the ultrasound diagnosis apparatus 100
may include one or more probes 20 according to embodi-
ments.

[0043] The controller 120 may control the transmitter 113
to generate transmission signals to be applied to each of the
plurality of transducers based on a position and a focal point
of the plurality of transducers included in the probe 20.
[0044] The controller 120 may control the ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analog to
digital signals and summing the reception signals converted
into digital form, based on a position and a focal point of the
plurality of transducers.

[0045] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated by the
ultrasound receiver 115.

[0046] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include two or more displays
140 according to the present exemplary embodiment. The
display 140 may include a touch screen in combination with
a touch panel.

[0047] The controller 120 may control the operations of
the ultrasound diagnosis apparatus 100 and a flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or
data. For example, the controller 120 may control the
operation of the ultrasound diagnosis apparatus 100 by
receiving a control signal from the input interface 170 or an
external apparatus.

[0048] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0049] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0050] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the controller 120 so that the
controller 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.
[0051] The controller 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
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external apparatus may be controlled in response to the
control signal of the controller 120.

[0052] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the controller 120 received via the communicator 160.
[0053] A program for controlling the ultrasound diagnosis
apparatus 100 may be installed in the external apparatus.
The program may include instructions to perform some
operations of the controller 120 or all of the operations of the
controller 120.

[0054] The program may be pre-installed in the external
apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that
provides applications. The server that provides applications
may include a recording medium where the program is
stored.

[0055] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0056] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0057] An example of the ultrasound diagnosis apparatus
100 according to the present exemplary embodiment is
described below with reference to FIGS. 2A, 2B, and 2C.
[0058] FIGS. 2A, 2B, and 2C are diagrams illustrating an
ultrasound diagnosis apparatus 100 according to an exem-
plary embodiment.

[0059] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100 may include a main display 121 and
a sub-display 122. At least one among the main display 121
and the sub-display 122 may include a touch screen. The
main display 121 and the sub-display 122 may display
ultrasound images and/or various information processed by
the ultrasound diagnosis apparatus 100. The main display
121 and the sub-display 122 may provide graphical user
interfaces (GUIs), thereby receiving user inputs of data to
control the ultrasound diagnosis apparatus 100. For
example, the main display 121 may display an ultrasound
image and the sub-display 122 may display a control panel
to control display of the ultrasound image as a GUI. The
sub-display 122 may receive an input of data to control the
display of an image through the control panel displayed as
a GUI. The ultrasound diagnosis apparatus 100 may control
the display of the ultrasound image on the main display 121
by using the input control data.

[0060] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 100 may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or
knobs, and may receive data to control the ultrasound
diagnosis apparatus 100 from the user. For example, the
control panel 165 may include a time gain compensation
(TGC) button 171 and a freeze button 172. The TGC button
171 is to set a TGC value for each depth of an ultrasound
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image. Also, when an input of the freeze button 172 is
detected during scanning an ultrasound image, the ultra-
sound diagnosis apparatus 100 may keep displaying a frame
image at that time point.

[0061] The buttons, trackballs, jog switches, and knobs
included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0062] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100 may include a portable device. An example of
the portable ultrasound diagnosis apparatus 100 may
include, for example, smart phones including probes and
applications, laptop computers, PDAs, or tablet PCs, but an
exemplary embodiment is not limited thereto.

[0063] The ultrasound diagnosis apparatus 100 may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100, and a GUI.

[0064] FIG. 3 is a block diagram of an ultrasound diag-
nosis apparatus 300 according to an embodiment.

[0065] The ultrasound diagnosis apparatus 300 may
include a high voltage power source 310, a transmission
circuit 330, a power circuit 320, and a processor 340.
However, the ultrasound diagnosis apparatus 300 may
include the number of elements less than the number of the
shown elements, or may include the number of elements
greater than the number of the shown elements. The ultra-
sound diagnosis apparatus 300 shown in FIG. 3 may equally
correspond to the ultrasound diagnosis apparatus 100 shown
in FIG. 1. The elements are described below.

[0066] The high voltage power source 310 may supply
power to the power circuit 320 and the transmission circuit
330. When the ultrasound diagnosis apparatus 300 operates
in a shear wave mode, the power circuit 320 may be charged
with electric energy by receiving power from the high
voltage power source 310. The power circuit 320 may
supply shear wave mode power used for generating a shear
wave to the transmission circuit 330 based on the electric
energy. Also, the transmission circuit 330 may receive
power from the high voltage power source 310, generate a
pulse for generating an ultrasound wave, and apply the
generated pulse to a probe (not shown) in the ultrasound
diagnosis apparatus 300.

[0067] For example, the power circuit 320 may include a
capacitor, a constant current circuit, a first switch, and a
second switch. The capacitor may be charged with electric
energy for supplying shear wave mode power. Here, one end
of the capacitor may be connected with the high voltage
power source 310, and the other end of the capacitor may be
connected to a ground. The constant current circuit may be
connected with the high voltage power source 310, and may
supply electric energy for supplying shear wave mode power
to the capacitor. The first switch may control connection
between the constant current circuit and the capacitor. The
second switch may control connection between the capacitor
and the transmission circuit 330. Also, as illustrated in FIG.
3, a power circuit 320-1 may be connected and arranged
between a (+) terminal of the high voltage power source 310
and a (+) terminal of the transmission circuit 330. Also, a
power circuit 320-2 may be connected and arranged between
a (-) terminal of the high voltage power source 310 and a (-)
terminal of the transmission circuit 330.
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[0068] When a shear wave mode is in operation, the
processor 340 may control the power circuit 320 which
supplies shear wave mode power. Also, the processor 340
may control the high voltage power source 310 such that the
shear wave mode power is supplied from the high voltage
power source 310 to the transmission circuit 330. For
example, the processor 340 may control the high voltage
power source 310 such that insufficient power of the shear
wave mode power is supplied from the high voltage power
source 310 to the transmission circuit 330.

[0069] When the power circuit 320 supplies the shear
wave mode power to the transmission circuit 330, the
electric energy stored in the capacitor in the power circuit
320 may be reduced. The processor 340 may control the
power circuit 320 and the high voltage power source 310
such that insufficient power of the shear wave mode power
supplied from the high voltage power source 310 increases.
The processor 340 may allow insufficient power of the
transverse mode power to be supplied to the transmission
circuit 330 by controlling the high voltage power source 310
and the power circuit 320 such that a magnitude of the
insufficient power of the shear wave mode power increases
as much as a magnitude by which the shear wave mode
power supplied from the power circuit 320 to the transmis-
sion circuit 330 is reduced. The processor 340 may control
supplying of the shear wave mode power to fill electric
energy reduced in the capacitor by controlling the power
circuit 320 and the high voltage power source 310. That is,
the processor 340 may control the power circuit 320 and the
high voltage power source 310 such that the shear wave
mode power is constantly supplied from the power circuit
320 to the transmission circuit 330.

[0070] The processor 340 may control the power circuit
320 such that the capacitor is charged with electric energy
based on a current supplied from the constant current circuit.
Specifically, the processor 340 may control the power circuit
320 such that the constant current circuit is connected with
the capacitor by turning on the first switch and connection
between the capacitor and the transmission circuit 330 is cut
off by turning off the second switch. A process of controlling
the power circuit 320 such that the capacitor in the power
circuit 320 is charged with electric energy is described with
reference to FIG. 4.

[0071] The processor 340 may control the power circuit
320 such that the shear wave mode power is supplied to the
transmission circuit 330 based on the electric energy stored
in the capacitor in the power circuit 320. Specifically, the
processor 340 may control the power circuit 320 to cut off
connection between the constant current circuit and the
capacitor by turning off the first switch, and to connect the
capacitor with the transmission circuit 330 by turning on the
second switch. A process of controlling the power circuit
320 such that the shear wave mode power is supplied to the
transmission circuit 330 by using the electric energy stored
in the capacitor in the power circuit 320 is described with
reference to FIG. 5.

[0072] Also, the power circuit 320 may further include a
discharging circuit which discharges the electric energy
stored in the capacitor in the power circuit 320. The dis-
charging circuit may include a third switch controlling
connection between the capacitor and a ground.

[0073] In the case where the shear wave mode ends or an
operation of charging the capacitor with electric energy is
not performed, the processor 340 may control the discharg-
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ing circuit such that the capacitor is connected with the
ground by turning on the third switch. That is, the processor
may control the discharging circuit to discharge the electric
energy stored in the capacitor. A process of discharging the
electric energy stored in the capacitor in the power circuit
320 is described with reference to FIGS. 10 and 11.
[0074] The transmission circuit 330 may supply a driving
signal to a probe (not shown), and include a pulse generator,
a transmission delay, and a pulser. The pulse generator may
generate a pulse for forming a transmission ultrasound wave
corresponding to a predetermined pulse repetition frequency
(PRF). The transmission delay may apply a delay time for
determining transmission directionality to a pulse. Pulses to
which a delay time has been applied may respectively
correspond to a plurality of piezoelectric vibrators included
in the probe (not shown). The pulser may apply a driving
signal (or a driving pulse) to the probe (not shown) with a
timing corresponding to each pulse to which the delay time
has been applied. The transmission circuit 330 may generate
a pulse generating a shear wave by using shear wave mode
power. The transmission circuit 330 may apply the generated
pulse to the probe (not shown). The processor 340 may
control the probe (not shown) to transmit a shear wave to an
object.

[0075] Also, the transmission circuit 330 may process an
echo signal received from the probe (not shown) to generate
ultrasound data, and include an amplifier, an analog digital
converter (ADC), a reception delay, and a summer. The
amplifier may amplify an echo signal for each channel, and
the ADC may analog-digital convert an amplified echo
signal. The reception delay may apply a delay time for
determining reception directionality to a digital-converted
echo signal, and the summer may generate ultrasound data
by summing echo signals processed by the reception delay.
The transmission circuit 330 may receive an echo signal of
a shear wave reflected from an object to obtain ultrasound
data of the object. The processor 340 may calculate a
propagation velocity of a shear wave by using ultrasound
data obtained by receiving an echo signal of the shear wave
reflected from the object, and generate an elasticity image
based on the calculated propagation velocity.

[0076] Meanwhile, when the ultrasound diagnosis appa-
ratus 300 operates in a shear wave mode, the processor 340
may control the power circuit 320 such that electric energy
stored in the power circuit 320 is supplied to the transmis-
sion circuit 330. Meanwhile, when the ultrasound diagnosis
apparatus 300 operates in a mode other than the shear wave
mode, the processor 340 may control the power circuit 320
such that electric energy stored in the power circuit 320 is
not supplied to the transmission circuit 330.

[0077] The ultrasound diagnosis apparatus 300 may fur-
ther include a memory (not shown). The memory (not
shown) may store software or a computer program related to
a method of operating the ultrasound diagnosis apparatus
300. For example, the memory (not shown) may include
instructions of controlling the high voltage power source
310, the power circuit 320, and the transmission circuit 330
in the ultrasound diagnosis apparatus 300 to generate a shear
wave.

[0078] Specifically, for example, the instructions may
include an instruction of controlling the power circuit 320
such that power supplied from the high voltage power
source 310 is stored as electric energy and shear wave mode
power is supplied to the transmission circuit 330 based on
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the electric energy when the ultrasound diagnosis apparatus
300 operates in a shear wave mode, an instruction of
controlling the high voltage power source 310 such that
insufficient power of the shear wave mode power is supplied
to the transmission circuit 330 when the shear wave mode is
in operation, and an instruction of controlling the transmis-
sion circuit 330 to generate a pulse for generating a shear
wave by using shear wave mode power, and apply the pulse
to the probe (not shown) in the ultrasound diagnosis appa-
ratus 300. The processor 340 may control an operation of the
ultrasound diagnosis apparatus 300 by executing the instruc-
tions stored in the memory (not shown).

[0079] The ultrasound diagnosis apparatus 300 may
include a central operation processor to generally control
operations of the high voltage power source 310, the power
circuit 320, the transmission circuit 330, and the processor
340. The central operation processor may include an array of
a plurality of logic gates, or include a combination of a
general purpose microprocessor and a memory in which a
program executable by the microprocessor is stored. Also, it
will be understood by those of ordinary skill in the art that
the central operation processor may be implemented as
another type of hardware.

[0080] Meanwhile, operations of the high voltage power
source 310, the power circuit 320, the transmission circuit
330, and the processor 340 of the ultrasound diagnosis
apparatus 300 may be implemented as a computer-readable
recording medium which stores an instruction or data
executable by a computer or a processor. The operations
may be writable as a program executable on a computer, and
may be implemented by a general-purpose digital computer
which operates such a program by using a computer-read-
able recording medium. The computer-readable recording
medium may include a read-only memory (ROM), a ran-
dom-access memory (RAM), a flash memory, CD-ROMs,
CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-
Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, DVD-
ROMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, a mag-
netic tape, a floppy disk, an optical magnetic data storage, an
optical data storage, a hard disk, a solid-state disk (SSD),
and any device which may store an instruction or software,
related data, a data file, and data structures and may provide
the instruction or software, the related data, the data file, and
the data structures to a processor or a computer such that the
processor or the computer executes the instruction.

[0081] Hereinafter, various operations or applications pet-
formed by the ultrasound diagnosis apparatus 300 are
described. Content which may be clearly understood and
expected by those of ordinary skill in the art may be
understood as general implementation even though any
configuration among the high voltage power source 310, the
power circuit 320, the transmission circuit 330, and the
processor 340 is not specified, and the scope of the present
disclosure is not limited by a title or physical/logical struc-
ture of a specific configuration.

[0082] FIG. 4 is a view for explaining a process of
controlling a power circuit such that a capacitor in the power
circuit is charged with electric energy for supplying shear
wave mode power to a transmission circuit in an ultrasound
diagnosis apparatus according to an embodiment.

[0083] Referring to FIG. 4, the power circuit 320 may
include a capacitor 401, a constant current circuit 402, a first
switch 403, and a second switch 404. It will be understood
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by those of ordinary skill in the art that the power circuit 320
may include other elements besides the elements shown in
FIG. 4.

[0084] Meanwhile, when the ultrasound diagnosis appa-
ratus 300 operates in a shear wave mode, the ultrasound
diagnosis apparatus 300 may charge the power circuit 320
with electric energy to supply shear wave mode power to the
transmission circuit 330. In this case, since an overload may
be generated to the high voltage power source 310 when the
capacitor 401 is charged with electric energy fast, the power
circuit 320 may charge the capacitor 401 with the electric
energy by using the constant current circuit 402. The con-
stant current circuit 402 is a circuit through which a constant
current flows regardless of a value of a voltage applied to
both ends of the constant current circuit 402. Though a
detailed configuration view of the constant current circuit
402 is not provided in FIG. 4, the constant current circuit
402 may include a predetermined transistor.

[0085] As illustrated in FIG. 4, the capacitor 401 may be
charged with electric energy for supplying shear wave mode
power. Here, one side of the capacitor 401 may be connected
with the high voltage power source 310, and another side of
the capacitor 401 may be connected with the ground. The
constant current circuit 402 may be connected with the high
voltage power source 310 and may supply electric energy for
supplying shear wave mode power. The first switch 403 may
control connection between the constant current circuit 402
and the capacitor 401. The second switch 404 may control
connection between the capacitor 401 and the transmission
circuit 330.

[0086] Also, as illustrated in FIG. 4, the power circuit
320-1 may be connected and arranged between the (+)
terminal of the high voltage power source 310 and the (+)
terminal of the transmission circuit 330. Also, the power
circuit 320-2 may be connected and arranged between the
(-) terminal of the high voltage power source 310 and the
(-) terminal of the transmission circuit 330.

[0087] The power circuit 320 may connect the constant
current circuit 402 with the capacitor 401 by turning on the
first switch 403, and cut off connection between the capaci-
tor 401 and the transmission circuit 330 by turning off the
second switch 404. The capacitor 401 may be charged with
electric energy based on a current supplied from the constant
current circuit 402. Specifically, when a shear wave mode of
the ultrasound diagnosis apparatus 300 is in operation, the
high voltage power source 310 may supply electric energy
to the capacitor 401 through the constant current circuit 402
in the power circuit 320. The power circuit 320 may charge
the capacitor 401 with charge quantity based on a current
supplied from the constant current circuit 402. In this case,
the capacitor 401 may be charged with charge quantity in
proportion to a capacity of the capacitor 401. Meanwhile,
though one capacitor 401 is shown in FIG. 4, the capacitor
401 may be represented as an equivalent capacitor 401
including a plurality of capacitors.

[0088] Also, while the capacitor 401 is charged with
electric energy, the high voltage power source 310 may
supply power to the transmission circuit 330. Specifically,
while the capacitor 401 is charged with the electric energy,
as illustrated in FIG. 4, since the (+) terminal of the
transmission circuit 330 may be connected with the (+)
terminal of the high voltage power source 310, and the (-)
terminal of the transmission circuit 330 may be connected
with the (-) terminal of the high voltage power source 310,
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the high voltage power source 310 may supply power
required by the transmission circuit 330 to the transmission
circuit 330.

[0089] FIG. 5 is a view for explaining a process of
controlling a power circuit such that shear wave mode power
is supplied to a transmission circuit by using electric energy
stored in a capacitor in the power circuit in an ultrasound
diagnosis apparatus according to an embodiment.

[0090] When the capacitor 401 in the power circuit 320 is
fully charged with electric energy, the power circuit 320 may
supply shear wave mode power used for generating a shear
wave to the transmission circuit 330 based on the electric
energy stored in the capacitor 401. That is, the power circuit
320 may control the elements in the power circuit 320 such
that an operation of the power circuit 320 is changed from
an electric energy charging operation to a shear wave mode
power supplying operation.

[0091] Specifically, as illustrated in FIG. 5, the power
circuit 320 may cut off connection between the constant
current circuit 402 and the capacitor 401 by turning off the
first switch 403, and connect the capacitor 401 with the
transmission circuit 330 by turning on the second switch
404. The power circuit 320 may supply shear wave mode
power to the transmission circuit 330 based on the electric
energy stored in the capacitor 401 depending on an operation
control of the first switch 403 and the second switch 404.

[0092] When the ultrasound diagnosis apparatus 300 oper-
ates in the shear wave mode, since electric energy with
which the capacitor 401 is charged is sufficient while shear
wave mode power is initially supplied to the transmission
circuit 330, the transmission circuit 330 may generate a
distortion-free pulse by using only the shear wave mode
power supplied from the power circuit 320. However, as the
time elapses, since the electric energy with which the
capacitor 401 is charged is reduced, and power supplied per
unit time from the power circuit 320 to the transmission
circuit 330 is reduced, the transmission circuit 330 cannot
generate a distortion-free pulse by using only the shear wave
mode power supplied from the power circuit 320. Therefore,
when the electric energy with which the capacitor 401 is
charged is reduced, the high voltage power source 310 may
be controlled such that power is additionally supplied to the
transmission circuit 330 as much as a reduced amount of the
power supplied per unit time.

[0093] That is, when the power circuit 320 performs an
operation of supplying shear wave mode power to the
transmission circuit 330, the power circuit 320 may supply
shear wave mode power to the transmission circuit 330
based on the electric energy with which the capacitor 401 is
charged. Also, as the time elapses, when power per unit time
supplied from the power circuit 320 to the transmission
circuit 330 is reduced, the high voltage power source 310
may be controlled to supply insufficient power of the shear
wave mode power to the transmission circuit 330 based on
the electric energy with which the capacitor is charged. For
example, the high voltage power source 310 may supply
insufficient power of the shear wave mode power to the
capacitor 401 in the power circuit 320 to complement the
reduced energy of the capacitor 401. The power circuit 320
may be controlled such that the shear wave mode power is
constantly supplied from the power circuit 320 to the
transmission circuit 330 based on the complemented electric
energy.



US 2019/0110777 Al

[0094] The ultrasound diagnosis apparatus 300 may con-
trol operations of the power circuit 320 and the high voltage
power source 310 such that shear wave mode power is
constantly supplied from the power circuit 320 to the
transmission circuit 330.

[0095] Also, when the shear wave mode power is supplied
to the transmission circuit 330 from the power circuit 320
and the high voltage power source 310, the capacitor 401 of
aless capacity may be used than a case where the shear wave
mode power is supplied from only the power circuit 320 or
the high voltage power source 310. When the capacitor 401
of a less capacity is used, since a volume or an area, etc.
occupied by the capacitor 401 is reduced, a volume or an
area of the power circuit 320 may be reduced.

[0096] FIG. 6 is a view for explaining shear wave mode
power supplied to the transmission circuit 330 when an
ultrasound diagnosis apparatus operates in a shear wave
mode according to an embodiment.

[0097] When the shear wave mode power is supplied from
the power circuit 320 to the transmission circuit 330, electric
energy with which the power circuit 320 is charged may be
reduced. When the electric energy with which the power
circuit 320 is charged is reduced, the power circuit 320 may
not supply the shear wave mode power to the transmission
circuit 330 constantly. That is, when a predetermined time
elapses, since shear wave mode power that may be supplied
from the power circuit 320 per unit time is gradually
reduced, the ultrasound diagnosis apparatus 300 may control
the power circuit 320 and the high voltage power source 310
such that the high voltage power source 310 supplies insuf-
ficient power that cannot be supplied to the transmission
circuit 330 from the power circuit 320. Specifically, when
electric energy with which the capacitor is charged is
consumed and thus the stored electric energy is reduced,
impedance of the capacitor may increase. When the imped-
ance of the capacitor increases, electric energy supplied
from the high voltage power source 310 to the power circuit
320 may be reduced. Therefore, the ultrasound diagnosis
apparatus 300 may control the high voltage power source
310 and the power circuit 320 such that the high voltage
power source 310 supplies insufficient power of the shear
wave mode power from the high voltage power source 310
to the transmission circuit 330 as much as insufficient power
of the shear wave mode power which cannot be supplied
from the power circuit 320 to the transmission circuit 330.
[0098] Since the high voltage power source 310 addition-
ally supplies the insufficient power of the shear wave mode
power to the transmission circuit 330, the power circuit 320
may supply the shear wave mode power to the transmission
circuit 330 constantly. In other words, sum of a current
supplied from the high voltage power source 310 and a
current supplied from the capacitor 401 in the power circuit
320 is a current supplied to the transmission circuit 330, and
the ultrasound diagnosis apparatus 300 may control opera-
tions of the power circuit 320 and the high voltage power
source 310 such that the current supplied to the transmission
circuit 330 is constant.

[0099] As illustrated in FIG. 6, a sum of a current @
supplied from the high voltage power source 310 to the
transmission circuit 330 and a current @ supplied from the
capacitor 401 in the power circuit 320 to the transmission
circuit 330 may be a value of a final current @ supplied to
the transmission circuit 330. Referring to a graph of FIG. 6,
the current @ supplied from the capacitor 401 in the power
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circuit 320 to the transmission circuit 330 may be calculated
from a ?on generated from a difference between the final

current (3) supplied to the transmission circuit 330 and the
current (1) supplied from the high voltage power source 310

to the transmission circuit 330. Since the shear wave mode
power is stably, constantly supplied to the transmission
circuit 330, a waveform 610 of a push pulse applied by the
transmission circuit 330 to generate a shear wave may be
obtained without distortion, and a waveform 620 of a
measure pulse corresponding to the push pulse may be
obtained without distortion.

[0100] FIG. 7 is a view for explaining power supplied to
a transmission circuit when the ultrasound diagnosis appa-
ratus 300 operates in a mode other than a shear wave mode
according to an embodiment.

[0101] Theultrasound diagnosis apparatus 300 may obtain
ultrasound images corresponding to operations of a plurality
of modes. For example, the plurality of modes may include
an amplitude (A) mode, a brightness (B) mode, a color (C)
mode, a Doppler (D) mode, a motion (M) mode, and a shear
wave mode, and it may be understood by those of ordinary
skill in the art that other modes may be included.

[0102] For example, when the ultrasound diagnosis appa-
ratus 300 operates in the B mode, the ultrasound diagnosis
apparatus 300 may extract a B mode component from
ultrasound data to generate an ultrasound image in which
strength of a signal is expressed in terms of brightness. In
contrast, when the ultrasound diagnosis apparatus 300 oper-
ates in the shear wave mode, the ultrasound diagnosis
apparatus 300 may calculate a propagation velocity of a
shear wave from ultrasound data to generate an elasticity
image.

[0103] In the case where the ultrasound diagnosis appa-
ratus 300 operates in the shear wave mode and in the case
where the ultrasound diagnosis apparatus 300 operates in a
mode other than the shear wave, since powers required by
the transmission circuit 330 for a predetermined time are
different from each other, the ultrasound diagnosis apparatus
300 may control an operation of the power circuit 320
depending on whether the shear wave mode is in operation.
[0104] Specifically, since a high voltage is required for a
predetermined short time to generate a shear wave, when the
ultrasound diagnosis apparatus 300 operates in the shear
wave mode, the ultrasound diagnosis apparatus 300 may
control an operation of the power circuit 320 such that
electric energy stored in the power circuit 320 is supplied to
the transmission circuit 330. In contrast, when the ultra-
sound diagnosis apparatus 300 operates in a mode other than
the shear wave mode, the ultrasound diagnosis apparatus
300 may control an operation of the power circuit 320 such
that the electric energy stored in the power circuit 320 is not
supplied to the transmission circuit 330.

[0105] When the ultrasound diagnosis apparatus 300 oper-
ates in a mode other than the shear wave mode, as illustrated
in FIG. 7, the ultrasound diagnosis apparatus 300 may
supply required power to the transmission circuit 330 along
a path in which the high voltage power source 310 is
connected with the transmission circuit 330. The ultrasound
diagnosis apparatus 300 may control the power circuit 320
such that the capacitor 401 is not charged with electric
energy by turning off the first switch 403 of the power circuit
320. Also, the ultrasound diagnosis apparatus 300 may
control the power circuit 320 such that electric energy with
which the capacitor 401 is charged is not supplied to the
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transmission circuit 330 by turning off the second switch
404. That is, the ultrasound diagnosis apparatus 300 may
control the power circuit 320 such that only the high voltage
power source 310 supplies required power to the transmis-
sion circuit 330.

[0106] FIG. 8 is a view of a distorted pulse generated in
the ultrasound diagnosis apparatus 300 when the ultrasound
diagnosis apparatus operates in a shear wave mode without
a power circuit according to an embodiment.

[0107] Referring to FIG. 8, the ultrasound diagnosis appa-
ratus 300 does not include the power circuit 320 configured
to supply shear wave mode power to the transmission circuit
330 when the shear wave mode is executed. When the
ultrasound diagnosis apparatus 300 operates in the shear
wave mode without the power circuit 320, the ultrasound
diagnosis apparatus 300 generates a distorted pulse.

[0108] As illustrated in FIG. 8, the ultrasound diagnosis
apparatus 300 may condense an ultrasound wave and gen-
erate a long burst Tx to generate a shear wave. However,
when the long burst Tx is generated and an overload is
generated to the high voltage power source 310 in the
ultrasound diagnosis apparatus 300, distortion of a pulse
waveform 810 of the long burst Tx may be generated. When
distortion of the pulse waveform 810 is generated, the
ultrasound diagnosis apparatus 300 may generate an abnor-
mal shear wave, shear wave generation may not be properly
performed, and distortion of the waveform may act as
noises.

[0109] Also, as illustrated in FIG. 8, distortion of a mea-
sure waveform 820 may be generated when the pulse
waveform 810 is generated and measure Tx is executed
before a load in the ultrasound diagnosis apparatus 300 is
restored to a normal state. Therefore, noises are generated to
the measure waveform 820 measured by the ultrasound
diagnosis apparatus 300, an operation speed of the ultra-
sound diagnosis apparatus 300 gets slow, and quality of an
ultrasound image generated by the ultrasound diagnosis
apparatus 300 is lowered. Due to the distorted waveform, the
ultrasound diagnosis apparatus 300 cannot accurately diag-
nose an object. Therefore, the power circuit 320 for reducing
a load of the high voltage power source 310 and generating
a distortion-free pulse waveform for a long burst Tx is
required.

[0110] Meanwhile, a circuit diagram shown in FIG. 8 may
be substantially the same as the circuit diagram shown in
FIG. 7 which operates in the ultrasound diagnosis apparatus
300 when the ultrasound diagnosis apparatus 300 operates in
a mode other than the shear wave mode. Therefore, the
circuit diagram shown in FIG. 8 may be a circuit diagram
suitable for a case where the ultrasound diagnosis apparatus
300 operates in a mode other than the shear wave mode.
[0111] FIG. 9is a view of a distortion-free pulse generated
in an ultrasound diagnosis apparatus when the ultrasound
diagnosis apparatus 300 mounts a power circuit and operates
in a shear wave mode according to an embodiment.

[0112] Referring to FIG. 9, the ultrasound diagnosis appa-
ratus 300 includes the power circuit 320 configured to
supply shear wave mode power to the transmission circuit
330 when the ultrasound diagnosis apparatus 300 operates in
the shear wave mode. When the ultrasound diagnosis appa-
ratus 300 operates in the shear wave mode, the ultrasound
diagnosis apparatus 300 generates a distortion-free pulse.
[0113] Meanwhile, the power circuit 320 shown in FIG. 9
may be designed in a detachable form. Therefore, the circuit
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diagram of FIG. 8 may be complemented by additionally
installing the power circuit 320 to the circuit diagram shown
in FIG. 8. As illustrated in FIG. 9, the power circuit 320-1
may be connected and arranged between the (+) terminal of
the high voltage power source 310 and the (+) terminal of
the transmission circuit 330. Also, the power circuit 320-1
may be connected and arranged between the (-) terminal of
the high voltage power source 310 and the (-) terminal of
the transmission circuit 330.

[0114] As illustrated in FIG. 9, the ultrasound diagnosis
apparatus 300 may condense an ultrasound wave and gen-
erate a long burst Tx to generate a shear wave. The ultra-
sound diagnosis apparatus 300 may reduce a load of the high
voltage power source 310 by controlling the power circuit
320 such that shear wave mode power is supplied from the
power circuit 320 to the transmission circuit 330. In this
case, the ultrasound diagnosis apparatus 300 may control the
high voltage power source 310 such that insufficient power
of the shear wave mode power is supplied from the high
voltage power source 310 to the transmission circuit 330.
[0115] Since the ultrasound diagnosis apparatus 300 con-
trols the power circuit 320 and the high voltage power
source 310 such that shear wave mode power is supplied
constantly from the power circuit 320 to the transmission
circuit 330, a pulse waveform 910 of a long burst Tx may be
generated without distortion. Also, noises of another pulse
920 measured by the ultrasound diagnosis apparatus 300 are
reduced, and the quality of an ultrasound image may
improve.

[0116] FIGS. 10 and 11 are views for explaining a process
of discharging electric energy stored in the capacitor 401 in
the power circuit 320 of the ultrasound diagnosis apparatus
300 according to an embodiment.

[0117] Referring to FIG. 10, in the case where electric
energy with which the capacitor 401 in the power circuit 320
is charged is not discharged and is left consistently in the
capacitor 401, a load may be applied consistently to the high
voltage power source 310 of the ultrasound diagnosis appa-
ratus 300, and a life of the capacitor 401 may be reduced.
Therefore, the power circuit 320 of the ultrasound diagnosis
apparatus 300 may further include a discharging circuit 405
configured to discharge the electric energy stored in the
capacitor 401 in the power circuit 320. In the case where the
ultrasound diagnosis apparatus 300 ends normally or ends
abnormally, the ultrasound diagnosis apparatus 300 may
discharge electric energy with which the capacitor 401 is
charged through the discharging circuit 405. Also, when the
ultrasound diagnosis apparatus 300 does not operate in the
shear wave mode, the ultrasound diagnosis apparatus 300
may not charge the capacitor 401 with electric energy and
discharge the electric energy left in the capacitor 401
through the discharging circuit 405.

[0118] The discharging circuit 405 may include a third
switch 406 configured to control connection between the
capacitor 401 and the ground. Also, the discharging circuit
405 may further include a constant current circuit 407
between the third switch 406 and the ground. The power
circuit 320 including the discharging circuit 405 shown in
FIG. 10 is only an example, and it will be understood by
those of ordinary skill in the art that the discharging circuit
405 may include other elements besides the element shown
in FIG. 10.

[0119] Also, as illustrated in FIG. 10, the third switch 406
configured to control the connection between the capacitor
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401 and the ground may be connected with a node between
the first switch 403 and the second switch 404.

[0120] Referring to FIG. 11, in the case where the shear
wave mode ends or an operation of charging the capacitor
401 with electric energy is not performed, the ultrasound
diagnosis apparatus 300 may discharge the electric energy
with which the capacitor 401 is charged by controlling the
discharging circuit 405 such that the capacitor 401 is con-
nected with the ground by turning on the third switch 406.
In this case, since the first switch 403 and the second switch
404 in the power circuit 320 are turned off; the capacitor 401
is not charged with electric energy and the electric energy
with which the capacitor 401 is charged is not supplied to the
transmission circuit 330. That is, electric energy left in the
capacitor 401 may be discharged through the ground. Since
the constant current circuit 407 in the discharging circuit 405
of the power circuit 320 is controlled such that a constant
current flows from the capacitor 401 to the ground regard-
less of the electric energy left in the capacitor 401 or a value
of a voltage applied to the capacitor 401, the electric energy
left in the capacitor 401 may be discharged.

[0121] FIG. 12 is a flowchart for explaining a method of
operating the ultrasound diagnosis apparatus 300 which
generates a shear wave according to an embodiment.
[0122] In operation S1210, when the ultrasound diagnosis
apparatus 300 operates in a shear wave mode, the ultrasound
diagnosis apparatus 300 may control the power circuit 320
in the ultrasound diagnosis apparatus 300 such that shear
wave mode power used for generating a shear wave is
supplied to the transmission circuit 330.

[0123] Specifically, the ultrasound diagnosis apparatus
300 may control the power circuit 320 such that the capaci-
tor 401 is charged with power supplied from the high voltage
power source 310 in the ultrasound diagnosis apparatus 300
as electric energy. The ultrasound diagnosis apparatus 300
may control the power circuit 320 such that shear wave
mode power is supplied to the transmission circuit 330 in the
ultrasound diagnosis apparatus 300 based on the electric
energy with which the capacitor 401 is charged.

[0124] In operation S1220, the ultrasound diagnosis appa-
ratus 300 may control the high voltage power source 310
such that insufficient power of the shear wave mode power
is supplied to the transmission circuit 330. Specifically,
when the shear wave mode power is supplied from the
power circuit 320 to the transmission circuit 330, the electric
energy with which the power circuit 320 is charged may be
reduced. When the electric energy with which the power
circuit 320 is charged is reduced, the ultrasound diagnosis
apparatus 300 may control the high voltage power source
310 such that a magnitude of insufficient power of the shear
wave mode power increases as much as a magnitude by
which the shear wave mode power supplied from the power
circuit 320 to the transmission circuit 330 is reduced. That
is, the ultrasound diagnosis apparatus 300 may control
supplying of the shear wave mode power such that electric
energy reduced in the capacitor is complemented by con-
trolling the power circuit 320 and the high voltage power
source 310. The ultrasound diagnosis apparatus 300 may
control the power circuit 320 and the high voltage power
source 310 such that the shear wave mode power is supplied
constantly from the power circuit 320 to the transmission
circuit 330.

[0125] In operation S1230, the ultrasound diagnosis appa-
ratus 300 may control the transmission circuit 330 to gen-
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erate a pulse for generating a shear wave by using the shear
wave mode power. The ultrasound diagnosis apparatus 300
may control the transmission circuit 330 to apply the gen-
erated pulse to a probe in the ultrasound diagnosis apparatus
300. The ultrasound diagnosis apparatus 300 may control the
probe to transmit a shear wave to an object. The ultrasound
diagnosis apparatus 300 may generate an elasticity image by
receiving an echo signal of a shear wave reflected from the
object and calculating a propagation velocity of the shear
wave.

[0126] FIG. 13 is a flowchart for explaining a method of
operating the ultrasound diagnosis apparatus 300 which
generates a shear wave according to another embodiment.
[0127] In operation S1310, the ultrasound diagnosis appa-
ratus 300 may determine an operation mode for generating
an ultrasound wave. When an operation mode of the ultra-
sound diagnosis apparatus 300 is a shear wave mode, the
ultrasound diagnosis apparatus 300 may perform an opera-
tion according to operation S1320. In contrast, when an
operation mode of the ultrasound diagnosis apparatus 300 is
not the shear wave mode, the ultrasound diagnosis apparatus
300 may perform an operation according to operation
S1315.

[0128] In operation S1315, the ultrasound diagnosis appa-
ratus 300 may control the power circuit 320 such that
electric energy with which the capacitor 401 in the power
circuit 320 is charged is not supplied to the transmission
circuit 330. Specifically, the ultrasound diagnosis apparatus
300 may block an operation of the power circuit 320 such
that the electric energy with which the capacitor 401 in the
power circuit 320 is charged is not supplied to the trans-
mission circuit 330. Also, in the case where the capacitor
401 in the power circuit 320 is not charged with electric
energy, the ultrasound diagnosis apparatus 300 may control
the power circuit 320 such that shear wave mode power is
not supplied to the transmission circuit 330 through the
power circuit 320.

[0129] Also, in operation S1315, the ultrasound diagnosis
apparatus 300 may control the power circuit 320 such that
the capacitor 401 in the power circuit 320 is not charged with
electric energy.

[0130] In operation S1320, the ultrasound diagnosis appa-
ratus 300 may control an operation of a device in the power
circuit 320 such that the power circuit 320 is charged with
electric energy. For example, the power circuit 320 may
include a capacitor, a constant current circuit, a first switch,
and a second switch. The capacitor may be charged with
electric energy for supplying shear wave mode power. The
constant current circuit may supply electric energy for
supplying the shear wave mode power to the capacitor. The
first switch may control connection between the constant
current circuit and the capacitor. The second switch may
control connection between the capacitor and the transmis-
sion circuit 330. The ultrasound diagnosis apparatus 300
may charge the capacitor with electric energy by controlling
the power circuit 320 such that the constant current circuit
is connected with the capacitor by turning on the first switch
and connection between the capacitor and the transmission
circuit 330 is cut off by turning off the second switch.
[0131] In operation S1325, the ultrasound diagnosis appa-
ratus 300 may determine whether the charging of the capaci-
tor in the power circuit 320 with electric energy is com-
pleted. When the charging of the capacitor with electric
energy is completed, the ultrasound diagnosis apparatus 300
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may perform an operation according to operation S1330. In
contrast, when the charging of the capacitor with electric
energy is not completed, the ultrasound diagnosis apparatus
300 may perform an operation according to operation
S1320.

[0132] In operation S1330, the ultrasound diagnosis appa-
ratus 300 may control the power circuit 320 such that shear
wave mode power is supplied to the transmission circuit 330
based on the electric energy with which the power circuit
320 is charged. For example, the ultrasound diagnosis appa-
ratus 300 may supply the shear wave mode power to the
transmission circuit 330 by controlling the power circuit 320
such that connection between the constant current circuit
and the capacitor is cut off by turning off the first switch and
the capacitor is connected with the transmission circuit 330
by turning on the second switch. That is, the ultrasound
diagnosis apparatus 300 may control the first switch and the
second switch such that the shear wave mode power is
supplied to the transmission circuit 330 based on the electric
energy with which the capacitor in the power circuit 320 is
charged.

[0133] In operation S1340, the ultrasound diagnosis appa-
ratus 300 may determine whether the shear wave mode of
the ultrasound diagnosis apparatus 300 has ended. Also, the
ultrasound diagnosis apparatus 300 may determine whether
an operation of charging the power circuit 320 with electric
energy is not performed. When the shear wave mode of the
ultrasound diagnosis apparatus 300 has ended and the opera-
tion of charging the power circuit 320 with electric energy
is not performed, the ultrasound diagnosis apparatus 300
may perform an operation according to operation S1350.
Also, when the shear wave mode of the ultrasound diagnosis
apparatus 300 has ended and the operation of charging the
power circuit 320 with electric energy is not performed, the
ultrasound diagnosis apparatus 300 may also perform an
operation according to operation S1325.

[0134] In operation S1350, the ultrasound diagnosis appa-
ratus 300 may control the power circuit 320 to discharge
electric energy with which the power circuit 320 is charged.
For example, the power circuit 320 may further include a
discharging circuit configured to discharge the electric
energy with which the capacitor in the power circuit 320 is
charged. The discharging circuit may include a third switch
configured to control connection between the capacitor and
the ground. The ultrasound diagnosis apparatus 300 may
control the discharging circuit such that the electric energy
with which the capacitor is charged is discharged by turning
on the third switch and thus connecting the capacitor with
the ground. That is, the ultrasound diagnosis apparatus 300
may control an operation of the third switch to discharge
remaining electric energy after the power circuit 320 sup-
plies the shear wave mode power to the transmission circuit
330.

[0135] The above-described ultrasound diagnosis appara-
tus 300 may be implemented as a hardware element, a
software element, and/or a combination of a hardware
element and a software element. For example, the apparatus
and the elements described in the embodiments may be
implemented by using, for example, a processor, a control-
ler, arithmetic logic unit (ALU), a digital signal processor, a
microcomputer, a field programmable array (FPA), a pro-
grammable logic unit (PLU), a microprocessor, and one or
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more general-purpose computers or specific-purpose com-
puters such as any apparatus that may execute an instruction
and respond thereto.

[0136] The processor may perform an operating system
(OS) and one or more software applications performed on
the OS. Also, the processor may access, store, manipulate,
process, and generate data in response to execution of
software.

[0137] For convenience of understanding, though one
processor s used in the description, it will be understood by
those of ordinary skill in the art that the processor may
include a plurality of processing elements and/or a process-
ing element having a plural form. For example, the proces-
sor may include a plurality of processors or one processor
and one controller. Also, a different processing configuration
such as a parallel processor may be used.

[0138] Software may include a computer program, a code,
an instruction, or a combination of one or more of these, and
configure a processor to operate in a desired fashion, or
command the processor independently or collectively.
[0139] Sofiware and/or data may be embodied in a certain
type of machine, a component, a physical apparatus, virtual
equipment, a computer storage medium or device, or a
transmitted signal wave permanently or temporarily such
that the software and/or data are analyzed by the processor
or to provide an instruction or data to the processor. Soft-
ware may be distributed over network coupled computer
systems so that the software is stored and executed in a
distributive manner. Software and data may be stored in one
or more non-transitory computer-readable recording media.
[0140] The method according to the embodiments may be
implemented in the form of a program instruction executable
through various computer means and recorded on a com-
puter-readable recording medium. The computer-readable
recording medium may include a program instruction, a data
file, a data structure, etc. in a single form or a combination
thereof. The program instructions recorded in the computer-
readable recording medium may be things particularly
designed and configured for the embodiments, or things
known to and available in computer software programmers.
[0141] Examples of the non-transitory computer-readable
recording medium include magnetic recording media such
as hard disks, floppy disks, and magnetic tapes. optical
recording media such as CD-ROMs and DVDs, magneto-
optical recording media such as floptical disks, and hard-
ware devices such as ROMs, RAMs, and flash memories
that are especially configured to store and execute program
instructions.

[0142] Examples of the program instructions include
machine language codes that may be generated by a com-
piler, and high-level language codes that may be executed by
a computer by using an interpreter.

[0143] The hardware apparatus may be configured as one
or more software modules for performing operations of the
embodiments, and vice versa.

[0144] Though the embodiments have been described with
reference to limited embodiments and drawings, it will be
obvious to those of ordinary skill in the art that various
modifications and changes may be made from the above
descriptions. For example, the described technologies may
be performed in a sequence different from those of the
described methods, and/or the elements such as the
described system, structure, apparatus, and circuit may be
coupled or combined in a form different from the described
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methods, or a proper result may be accomplished even
though the elements are replaced with other elements or
equivalents thereof.

[0145] Therefore, the scope of the present disclosure
should not be limited to the described embodiments and
should be defined by the following claims and equivalents
thereof.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a high voltage power source;

a transmission circuit configured to receive power from
the high voltage power source, generate a pulse gen-
erating an ultrasound wave, and apply the ultrasound
wave to a probe in the ultrasound diagnosis apparatus;

a power circuit configured to receive the power from the
high voltage power source and be charged with electric
energy when the ultrasound diagnosis apparatus opet-
ates in a shear wave mode, and supply, to the trans-
mission circuit, shear wave mode power used for
generating a shear wave, based on the electric energy;
and

a processor configured to control the power circuit con-
figured to supply the shear wave mode power when the
shear wave mode is in operation, and control the high
voltage power source and the power circuit such that
insufficient power of the shear wave mode power is
supplied from the high voltage power source to the
transmission circuit.

2. The apparatus of claim 1, wherein when the electric
energy stored in the power circuit is reduced when the shear
wave mode power is supplied from the power circuit to the
transmission circuit, the processor is further configured to
control the high voltage power source and the power circuit
such that the insufficient power supplied from the high
voltage power source increases and the shear wave mode
power is supplied constantly from the power circuit to the
transmission circuit.

3. The apparatus of claim 1, wherein the power circuit
comprises:

a capacitor charged with the electric energy for supplying

the shear wave mode power;

a constant current circuit connected with the high voltage
power source, and configured to supply the electric
energy for supplying the shear wave mode power to the
capacitor;

a first switch configured to control connection between
the constant current circuit and the capacitor; and

asecond switch configured to control connection between
the capacitor and the transmission circuit.

4. The apparatus of claim 3, wherein the processor is
further configured to control the power circuit such that the
connection between the constant current circuit and the
capacitor is cut off by turning off the first switch, and the
capacitor is connected with the transmission circuit by
turning on the second switch, to supply the shear wave mode
power to the transmission circuit based on the electric
energy stored in the capacitor.

5. The apparatus of claim 3, wherein the processor is
further configured to control the power circuit such that the
constant current circuit is connected with the capacitor by
turning on the first switch, and the connection between the
capacitor and the transmission circuit is cut off by turning off
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the second switch, to charge the capacitor with the electric
energy based on a current supplied from the constant current
circuit.
6. The apparatus of claim 3, wherein the power circuit
further comprises a discharging circuit configured to dis-
charge the electric energy stored in the capacitor.
7. The apparatus of claim 6, wherein the discharging
circuit comprises a third switch configured to control con-
nection between the capacitor and a ground, and when the
shear wave mode ends or an operation of charging the
capacitor with the electric energy is not performed, the
processor is further configured to control the discharging
circuit such that the capacitor is connected with the ground
by turning on the third switch to discharge the electric
energy stored in the capacitor.
8. The apparatus of claim 1, wherein the transmission
circuit is further configured to generate a pulse generating
the shear wave by using the shear wave mode power and
applies the pulse to the probe.
9. The apparatus of claim 8, wherein the processor is
further configured to control the probe such that the shear
wave is transmitted to an object, an echo signal of the shear
wave, reflected from the object, is received to calculate a
propagation velocity of the shear wave, and an elasticity
image is generated.
10. The apparatus of claim 1, wherein the processor is
further configured to control the power circuit such that the
electric energy stored in the power circuit is supplied to the
transmission circuit when the shear wave mode is in opera-
tion, and control the power circuit such that the electric
energy stored in the power circuit is not supplied to the
transmission circuit when a mode other than the shear wave
mode is in operation.
11. A method of operating an ultrasound diagnosis appa-
ratus for generating a shear wave, the method comprising:
controlling a power circuit in the ultrasound diagnosis
apparatus such that power supplied from a high voltage
power source in the ultrasound diagnosis apparatus is
stored as electric energy when the ultrasound diagnosis
apparatus operates in a shear wave mode, and shear
wave mode power used for generating the shear wave
is supplied to a transmission circuit in the ultrasound
diagnosis apparatus, based on the electric energy;

controlling the high voltage power source and the power
circuit such that insufficient power of the shear wave
mode power is supplied to the transmission circuit
when the shear wave mode s in operation; and

controlling the transmission circuit to generate a pulse for
generating the shear wave by using the shear wave
mode power, and apply the pulse to a probe in the
ultrasound diagnosis apparatus.

12. The method of claim 11, wherein the controlling of the
high voltage power source such that the insufficient power of
the shear wave mode power is supplied to the transmission
circuit comprises:

controlling the high voltage power source and the power

circuit such that when the electric energy stored in the
power circuit is reduced when the shear wave mode
power is supplied from the power circuit to the trans-
mission circuit, the insufficient power supplied from
the high voltage power source increases and the shear
wave mode power is supplied constantly from the
power circuit to the transmission circuit.
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13. The method of claim 11, wherein the power circuit
comptises:

a capacitor to charge the electric energy for supplying the

shear wave mode power;

a constant current circuit connected with the high voltage
power source, and configured to supply the electric
energy for supplying the shear wave mode power to the
capacitor;

a first switch configured to control connection between
the constant current circuit and the capacitor; and

a second switch configured to control connection between
the capacitor and the transmission circuit.

14. The method of claim 13, wherein the controlling of the
power circuit such that the shear wave mode power is
supplied to the transmission circuit comprises:

controlling the power circuit such that the connection
between the constant current circuit and the capacitor is
cut off by turning off the first switch, and the capacitor
is connected with the transmission circuit by turning on
the second switch.

15. The method of claim 13, wherein the controlling of the
power circuit such that the shear wave mode power is
supplied to the transmission circuit comprises: controlling
the power circuit such that the capacitor is charged with the
electric energy.

16. The method of claim 15, wherein the controlling of the
power circuit such that the capacitor is charged with the
electric energy comprises: controlling the power circuit such
that the constant current circuit is connected with the capaci-
tor by turning on the first switch, and the connection
between the capacitor and the transmission circuit is cut off
by turning off the second switch.

17. The method of claim 13, wherein the power circuit
further comprises a discharging circuit configured to dis-
charge the electric energy with which the capacitor is
charged, the discharging circuit comprising a third switch
configured to control connection between the capacitor and
a ground, and

the method further comprises, when the shear wave mode
ends or an operation of charging the capacitor with the
electric energy is not performed, controlling the dis-
charging circuit to discharge the electric energy with
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which the capacitor is charged by turning on the third
switch and thus connecting the capacitor with the
ground.

18. The method of claim 11, further comprising;

controlling the probe to transmit the shear wave to an

object; and

generating an elasticity image by receiving an echo signal

of the shear wave reflected from the object and calcu-
lating a propagation velocity of the shear wave.

19. The method of claim 11, wherein the controlling of the
power circuit such that the shear wave mode power is
supplied to the transmission circuit comprises:

when the shear wave mode is in operation, controlling the

power circuit such that the electric energy with which
the power circuit is charged is supplied to the trans-
mission circuit; and

when a mode other than the shear wave mode is in

operation, controlling the power circuit such that the
electric energy with which the power circuit is charged
is not supplied to the transmission circuit.
20. A non-transitory computer-readable recording
medium having recorded thereon a program for executing a
method of operating an ultrasound diagnosis apparatus for
generating a shear wave, the method comprising:
controlling a power circuit in the ultrasound diagnosis
apparatus such that power supplied from a high voltage
power source in the ultrasound diagnosis apparatus is
stored as electric energy when the ultrasound diagnosis
apparatus operates in a shear wave mode, and shear
wave mode power used for generating the shear wave
is supplied to a transmission circuit in the ultrasound
diagnosis apparatus, based on the electric energy;

controlling the high voltage power source and the power
circuit such that insufficient power of the shear wave
mode power is supplied to the transmission circuit
when the shear wave mode is in operation; and

controlling the transmission circuit to generate a pulse for
generating the shear wave by using the shear wave
mode power, and apply the pulse to a probe in the
ultrasound diagnosis apparatus.
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