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(57) ABSTRACT

An ultrasound imaging apparatus includes: a probe config-
ured to transmit ultrasound signals to an object and receive
echo signals corresponding to the ultrasound signals; a
memory; and at least one processor configured to obtain a
real-time ultrasound image of the object from the echo
signals, detect a predefined first movement of a needle
inserted into the object, and automatically store in a memory
a first ultrasound image of the object including an ultrasound
image captured at a time point when the first movement of
the needle is detected.
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FIG. 2A




Patent Application Publication  Jun. 18,2020 Sheet 3 of 14 US 2020/0187895 A1

FIG. 2B
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FIG. 2C
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FIG. 10
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ULTRASOUND IMAGING APPARATUS,
METHOD OF CONTROLLING THE SAME,
AND COMPUTER PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0160349, filed on Dec. 12, 2018, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to ultrasound imaging appa-
ratuses, methods of controlling the same, and computer
program products.

2. Description of Related Art

[0003] Ultrasound diagnostic apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object 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] Provided are methods and apparatuses for auto-
matically storing an ultrasound image when a needle is
inserted into an object according to ultrasound image guid-
ance.

[0005] 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.

[0006] In accordance with an aspect of the disclosure, an
ultrasound imaging apparatus includes: a probe configured
to transmit ultrasound signals to an object and receive echo
signals corresponding to the ultrasound signals; a memory;
and at least one processor configured to obtain a real-time
ultrasound image of the object from the echo signals, detect
a predefined first movement of a needle inserted into the
object, and automatically store in a memory a first ultra-
sound image of the object including an ultrasound image
captured at a time point when the first movement of the
needle is detected.

[0007] The first movement of the needle may include an
advancement of the needle into a particular tissue of the
object, and the at least one processor may be further con-
figured to automatically store in the memory the first ultra-
sound image including an ultrasound image captured at a
time point when the advancement of the needle into the
particular tissue of the object is detected.

[0008] The first movement of the needle may include a
repeated movement of the needle over a predetermined
period of time, and the at least one processor may be further
configured to automatically store in the memory the first
ultrasound image including an ultrasound image captured at
a time point when the repeated movement of the needle is
detected.

[0009] The first movement of the needle may include a
movement of the needle at or above a predetermined speed,
and the at least one processor may be further configured to
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automatically store in the memory the first ultrasound image
including an ultrasound image captured at a time point when
the movement of the needle at or above the predetermined
speed is detected.

[0010] The needle may be a biopsy needle shot out of a
biopsy gun, and the first movement of the needle may
include a movement of the needle shot out of the biopsy gun.
The at least one processor may be further configured to
automatically store in the memory the first ultrasound image
including an ultrasound image captured at a time point when
the movement of the needle shot out of the biopsy gun is
detected.

[0011] The at least one processor may be further config-
ured to set, based on usage of the needle, a form of the first
movement of the needle as a condition for automatically
storing the first ultrasound image, and in correspondence
with the setting, set a first ultrasound image storage mode.

[0012] The at least one processor may be further config-
ured to detect the first movement of the needle based on
position change information of the needle, and the position
change information of the needle may be generated based on
at least one or a combination of information about a region
corresponding to the needle in the real-time ultrasound
image, information about a position of the needle, which is
received from an external device including the needle, and
a signal detected from the needle.

[0013] The needle may include at least one of a biopsy
needle shot out of a biopsy gun for collection of tissue of the
object, a needle inserted into the object for FNA, a needle for
injecting a drug into the object, and a needle inserted into the
object for RFA.

[0014] The at least one processor may be further config-
ured to store in the memory a cine image captured over a
predetermined time interval, the cine image including an
ultrasound image captured at a time point when the first
movement of the needle is detected.

[0015] The at least one processor may be further config-
ured to automatically store in the memory the first ultra-
sound image together with metadata related to the first
ultrasound image, and the metadata may include at least one
or a combination of information about usage of the needle,
information about a particular tissue of the object into which
the needle is inserted, and information about a time point
when the first movement of the object is detected.

[0016] The at least one processor may generate an image
file including the first ultrasound image and store the image
file in the memory.

[0017] In accordance with another aspect of the disclo-
sure, a method of controlling an ultrasound imaging appa-
ratus includes: transmitting ultrasound signals to an object
and receiving echo signals corresponding to the ultrasound
signals; obtaining a real-time ultrasound image of the object
from the echo signals; detecting a predefined first movement
of a needle inserted into the object; and automatically
storing in a memory a first ultrasound image of the object
including an ultrasound image captured at a time point when
the first movement of the needle is detected.

[0018] In accordance with another aspect of the disclo-
sure, a computer program product includes a recording
medium having stored therein program instructions for
performing a method of controlling an ultrasound imaging
apparatus.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

[0020] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus according to an exemplary embodiment;
[0021] FIGS. 2A, 2B, and 2C are diagrams respectively
illustrating an ultrasound diagnosis apparatus according to
an embodiment;

[0022] FIG. 3 illustrates a method of storing an ultrasound
image when a needle is inserted into an object according to
ultrasound image guidance, according to an embodiment;
[0023] FIG. 4 illustrates a structure of an ultrasound
imaging apparatus according to an embodiment;

[0024] FIG. 5is a flowchart of a method of controlling an
ultrasound imaging apparatus, according to an embodiment;
[0025] FIG. 6 illustrates an example in which a needle is
inserted according to ultrasound image guidance, according
to an embodiment;

[0026] FIG. 7 illustrates an example in which an ultra-
sound imaging apparatus automatically stores an ultrasound
image when a needle is advanced into a specific tissue of an
object, according to an embodiment;

[0027] FIG. 8 illustrates an example in which an ultra-
sound imaging apparatus automatically stores an ultrasound
image when a needle is repeatedly moved within an object,
according to an embodiment;

[0028] FIG. 9 illustrates an example in which an ultra-
sound imaging apparatus automatically stores an ultrasound
image when a biopsy needle is shot out of a biopsy gun,
according to an embodiment;

[0029] FIG. 10 is a flowchart of a method of controlling an
ultrasound imaging apparatus, according to an embodiment;
[0030] FIG. 11 illustrates an example in which an ultra-
sound imaging apparatus sets an ultrasound image automatic
storage mode for automatically storing an ultrasound image
according to movement of a needle, according to an embodi-
ment; and

[0031] FIG. 12 illustrates an example in which an ultra-
sound imaging apparatus sets a form of movement of a
needle as an ultrasound image automatic storage condition
in a biopsy mode.

DETAILED DESCRIPTION

[0032] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0033] 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 exemplary
embodiments. Thus, it is apparent that exemplary embodi-
ments can be carried out without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0034] Terms such as “part” and “portion” used herein
denote those that may be embodied by software or hardware.
According to 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.
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Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0035] In 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 ultra-
sound imaging apparatus, or an X-ray apparatus.

[0036] 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.
[0037] 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.

[0038] Hereinafter, embodiments of the disclosure will be
described in detail with reference to the accompanying
drawings.

[0039] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nostic 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., 2 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 apparatus
that is portable, moveable, mobile, or hand-held. Examples
of the portable-type ultrasound diagnosis apparatus may
include a smart phone, a laptop computer, a personal digital
assistant (PDA), and a tablet personal computer (PC), each
of which may include a probe and a software application, but
embodiments are not limited thereto.

[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., disposed in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., disposed
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
for the transmitter 113 to generate transmitting signals to be
applied to each of the plurality of transducers based on a
position and a focal point of the plurality of transducers
included in the probe 20.

[0044] The controller 120 may control the ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analogue
to digital signals and summing the reception signals con-
verted 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 from the
ultrasound receiver 115.
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[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 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
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 command languages to perform
part of operation of the controller 120 or the entire operation
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-
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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
ultrasound diagnosis apparatus according to an exemplary
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 (GUI), thereby receiving user’s 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
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. Examples of
the portable ultrasound diagnosis apparatus may include
smart phones including probes and applications, laptop
computers, personal digital assistants (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 illustrates a method of storing an ultrasound
image when a needle is inserted into an object according to
ultrasound image guidance, according to an embodiment.
[0065] A user 310 may insert a needle into an object
according to ultrasound image guidance by using an ultra-
sound imaging apparatus. In this case, the user 310 generally
inserts the needle into the object with one hand holding a
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needle insertion device 312 while acquiring an ultrasound
image in real-time with the other hand holding a probe 311.
Thus, because the user 310 has to use both hands to inset the
needle into the object according to ultrasound image guid-
ance, it is difficult for the user 310 to perform an operation
of inserting the needle simultaneously with an operation of
storing an ultrasound image. Thus, when the needle is
inserted into the object according to ultrasound image guid-
ance, an assistant 320 may be needed to store an ultrasound
image related to insertion of the needle.

[0066] Accordingly, when a needle is inserted into the
object according to ultrasound image guidance, there is a
need for methods of storing an ultrasound image related to
needle insertion without a help from the assistant 320. The
disclosure proposes a method of automatically storing an
ultrasound image under a preset condition during insertion
of a needle according to ultrasound image guidance. The
preset condition may involve detection of a predefined
movement of the needle in a real-time ultrasound image of
the object. Use of a method of automatically storing a
pertinent ultrasound image under a preset condition allows
the user 310 to automatically store a desired ultrasound
image without a help from the assistant 320.

[0067] FIG. 4 illustrates a structure of an ultrasound
imaging apparatus 400 according to an embodiment.
[0068] The ultrasound imaging apparatus 400 according to
the embodiment may include a probe 410, a memory 420,
and a processor 430.

[0069] The probe 410 includes a transducer and transmits
ultrasound signals to an object and detects echo signals
reflected from the object. The probe 410 may correspond to
the probe 20 of FIG. 1.

[0070] The memory 420 may store an ultrasound image.
The memory 420 may store a file including an ultrasound
image. For example, the memory 420 may store a file
including an ultrasound image and its associated metadata.
According to an embodiment, the memory 420 may be
implemented in the form of a main memory, a buffer, a
non-volatile memory, an external memory, etc. The memory
420 may include a non-volatile memory for storing an
ultrasound image file. For example, a real-time ultrasound
image generated based on echo signals may be stored in a
main memory, and an ultrasound image automatically stored
according to embodiments of the disclosure may be stored in
a non-volatile memory via the main memory.

[0071] The processor 430 controls all operations of the
ultrasound imaging apparatus 400. The processor 430 may
be implemented as one or more processors.

[0072] The processor 430 may acquire a real-time ultra-
sound image of an object based on echo signals detected by
the probe 410. In this case, acquisition of the ultrasound
image may include generation of the ultrasound image based
on the echo signals or generation of an ultrasound image file
including the ultrasound image generated based on the echo
signals.

[0073] The processor 430 may detect in the acquired
real-time ultrasound image a predefined first movement of a
needle inserted into the object. In this case, the needle may
include a medical needle that is inserted into the object. For
example, the needle may include a biopsy needle shot out of
a biopsy gun for collection of tissue of the object, a needle
inserted into the object for fine needle aspiration (FNA), a
needle for injecting a drug into the object, a needle inserted
into the object for radio frequency ablation (RFA), etc.
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[0074] The first movement of the needle detected by the
processor 430 may be a movement of the needle that is set
by the ultrasound imaging apparatus 400 as a condition for
automatically storing an ultrasound image of the object. For
example, the processor 430 may detect in the acquired
real-time ultrasound image an advancement of the needle
inserted into the object into a specific tissue of the object, a
repeated movement of the needle, a movement of the needle
at a speed greater than or equal to a predetermined speed,
etc. Furthermore, the processor 430 may detect movement of
the needle when shot out of the biopsy gun.

[0075] The processor 430 may detect the predefined first
movement of the needle based on information about a
change in position of the needle inserted into the object
(hereinafter, referred to as ‘position change information of
the needle’). In this case, the position change information of
the needle may include information about a region corre-
sponding to the needle, which is acquired through analysis
of the real-time ultrasound image, position change informa-
tion of a needle received from an external device including
the needle, and position change information of the needle
generated based on an electromagnetic signal detected from
the needle.

[0076] The processor 430 may automatically store in the
memory 420 a first ultrasound image of the object including
an ultrasound image captured at a time point when the first
movement of the needle is detected. The first ultrasound
image may be an ultrasound image that is automatically
stored as the first movement is detected and includes an
ultrasound image captured at a time point when the first
movement is detected. For example, the processor 430 may
automatically store in the memory 420 a first ultrasound
image including an ultrasound image captured at a time
point when an advancement of the needle inserted into the
object into a specific tissue of the object is detected. The first
ultrasound image may be a cine image captured over a
predetermined time interval, the cine image including an
ultrasound image captured at a time point when the first
movement of the needle is detected. Furthermore, the first
ultrasound image may be an ultrasound still image captured
at a time point when the first movement of the needle is
detected. In this case, detection of the first movement of the
needle may be a condition for the processor 430 to auto-
matically store the first ultrasound image.

[0077] The processor 430 may set, based on usage of the
needle, a form of the first movement of the needle as a
condition for automatically storing the first ultrasound
image. Furthermore, the processor 430 may set, based on a
predefined diagnostic mode, a user input, etc., a form of the
first movement of the needle as a condition for automatically
storing the first ultrasound image.

[0078] The processor 430 may set as an automatic storage
condition a first ultrasound image storage mode in corre-
spondence with setting of a form of the first movement of the
needle. For example, the first ultrasound image storage
mode may include a time interval for the first ultrasound
image, a type of a first ultrasound image (e.g., a still image,
a cine image, etc.), setting with respect to whether to store
associated metadata together, etc.

[0079] The processor 430 may generate metadata related
to the first ultrasound image that is automatically stored.
Furthermore, the processor 430 may store the generated
metadata in the memory 420, together with the first ultra-
sound image. For example, the processor 430 may generate
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a file including the generated metadata and the first ultra-
sound image and store the generated file in the memory 420.
The metadata related to the first ultrasound image may
include at least one or a combination of information about
usage of the needle, information about a specific tissue of the
object into which the needle is inserted, and information
about a time point when the first movement of the object is
detected.

[0080] FIG. 5 is a flowchart of a method of controlling an
ultrasound imaging apparatus, according to an embodiment.
[0081] Operations of the method according to the embodi-
ment may be performed by the ultrasound imaging apparatus
400. The present specification focuses on an embodiment in
which the ultrasound imaging apparatus 400 (hereinafter,
‘400’ is a reference numeral used to collectively refer to
ultrasound imaging apparatuses described herein) performs
a method of controlling an ultrasound imaging apparatus.
Thus, embodiments described with respect to the ultrasound
imaging apparatus 400 may be applied to a method of
controlling an ultrasound imaging apparatus, and embodi-
ments described with respect to the method of controlling an
ultrasound imaging apparatus may be applied to the embodi-
ments described with respect to the ultrasound imaging
apparatus 400. Methods of controlling an ultrasound imag-
ing apparatus according to embodiments may be performed
by the ultrasound imaging apparatus 400, but embodiments
are not limited thereto. The methods may be performed by
various types of ultrasound imaging apparatuses.

[0082] The ultrasound imaging apparatus 400 may trans-
mit ultrasound signals to an object and receive echo signals
corresponding to the transmitted ultrasound signals (opera-
tion 510).

[0083] According to an embodiment, the ultrasound imag-
ing apparatus 400 may use the probe 410 to transmit
ultrasound signals to an object and receive echo signals
corresponding to the transmitted ultrasound signals. Because
transmission of ultrasound signals and reception of echo
signals via the probe 410 are already provided above with
respect to FIGS. 1, 2, and 4, detailed descriptions thereof
will be omitted here.

[0084] The ultrasound imaging apparatus 400 may obtain
a real-time ultrasound image of the object based on the
received echo signals (operation 520).

[0085] According to an embodiment, the ultrasound imag-
ing apparatus 400 may generate a real-time ultrasound
image of the object based on the received echo signals.
Furthermore, the ultrasound imaging apparatus 400 may
generate an ultrasound image file including the generated
ultrasound image. Hereinafter, acquisition of an ultrasound
image may include generation of the ultrasound image based
on echo signals or generation of an ultrasound image file
including the ultrasound image generated based on the echo
signals.

[0086] According to an embodiment, the real-time ultra-
sound image of the object obtained by the ultrasound
imaging apparatus 400 may include an image of a specific
tissue of the object into which a needle is inserted. For
example, the real-time ultrasound image may be an ultra-
sound image of a specific tissue (e.g., breast, thyroid, etc.)
into which a user desires to insert a needle.

[0087] According to an embodiment, the real-time ultra-
sound image of the object obtained by the ultrasound
imaging apparatus 400 may be used as a guide image for
inserting a needle into the object. The ultrasound imaging

Jun. 18, 2020

apparatus 400 may display the obtained real-time ultrasound
image. When a needle is inserted into the object during
acquisition of the real-time ultrasound image of the object,
the needle inserted into the object may be displayed in the
real-time ultrasound image. As the needle appears in the
real-time ultrasound image, the user may insert the needle
into the object according to a purpose of inserting the needle
into the object while viewing the real-time ultrasound
image.

[0088] According to an embodiment, a needle inserted
into the object may be a medical needle for diagnosis,
examination, surgical procedure with respect to the object.
For example, the needle may include a biopsy needle shot
out of a biopsy gun for collection of a living tissue of the
object, a needle inserted into the object for FNA, a needle for
injecting a drug into the object, a needle inserted into the
object for RFA, etc. Hereinafter, the needle may include a
medical needle inserted into the object.

[0089] The ultrasound imaging apparatus 400 may detect
a predefined first movement of a needle inserted into the
object in the obtained real-time ultrasound image (operation
530).

[0090] According to an embodiment, the ultrasound imag-
ing apparatus 400 may set a form of a first movement of a
needle as a condition for automatically storing an ultrasound
image of the object. As the first movement of the needle
inserted into the object is detected in the real-time ultra-
sound image of the object, the ultrasound imaging apparatus
400 may automatically store an ultrasound image of the
object. The first movement of the needle hereinafter refers to
movement of the needle set by the ultrasound imaging
apparatus 400 as a condition for automatically storing an
ultrasound image of the object. The first movement may be
determined based on at least one or a combination of a form
of movement, information about whether to penetrate a
surface, a speed of the movement, a magnitude of the
movement, a change in a distance from the surface, a type
of a moving object, and information about whether to
change a direction of the movement. Information about the
first movement may be prestored in the ultrasound imaging
apparatus 400, or may be generated based on a user input
and stored therein. Furthermore, the first movement may be
defined differently depending on at least one or a combina-
tion of a type of an object, a protocol, a type of biopsy, and
a type of a biopsy tool (e.g., a needle). Setting of a form of
the first movement of the needle will be described in more
detail below in the description of operation 1010 in FIG.

[0091] According to an embodiment, the first movement
of the needle may include an advancement of the needle into
a specific tissue of the object. For example, the first move-
ment of the needle may include a movement of the needle
inserted into the object from outside to inside a specific
tissue of the object. The movement of the needle from
outside to inside the specific tissue of the object may include
a movement of the needle in a direction in which a distance
between a distal end of the needle and the specific tissue
decreases to less than a predetermined value. The ultrasound
imaging apparatus 400 may detect as an advancement of the
needle into a specific tissue of the object a movement of the
needle at a time point when a distance between a distal end
of the needle and the specific tissue of the object is less than
a predetermined value. In this case, the specific tissue may
be a tissue of the object subjected to examination, diagnosis,
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treatment, etc., using a needle. For example, the specific
tissue may be thyroid, breast, or the like.

[0092] According to an embodiment, the first movement
of the needle may include a repeated movement of the
needle over a predetermined period of time. The repeated
movement of the object may include a predetermined move-
ment of the needle that is repeated a predetermined number
of times for a specific period of time. For example, the
repeated movement of the needle may include a movement
that occurs when the needle advancing into a specific tissue
of the object repeatedly moves back and forth along an
advancement direction over a specific period of time. Fur-
thermore, the repeated movement of the needle may include
a repeated movement of the needle for rupturing cells within
the object during a specific period of time. In FNA, cells
within an object may be ruptured into smaller pieces via a
repeated movement of a needle, and the ruptured cells may
be aspirated through the needle. The first movement of the
needle may include a repeated movement of the needle for
rupturing cells within the object during the FNA. However,
the repeated movement of the needle is not limited to the
repeated movement of the needle for rupturing cells of the
object.

[0093] According to an embodiment, the first movement
of the needle may include a movement of the needle at a
speed greater than or equal to a predetermined speed. For
example, the first movement of the needle may include a
movement of the needle at a speed of 15 mm/sec. A
movement of the needle at a speed greater than or equal to
a predetermined speed may be set based on a speed of a
distal end of the needle. For example, when the distal end of
the needle moves at or above the predetermined speed, it
may be determined that the needle moves at or above the
predetermined speed.

[0094] According to an embodiment, when a needle is a
biopsy needle shot out of a biopsy gun, a first movement of
the needle may include movement of the needle when shot
out of a biopsy gun. In this case, the biopsy gun is a medical
instrument used to extract a piece of tissue or cells from the
object for examination. A biopsy gun may consist of a
cannula and a biopsy needle inserted into an object, and the
biopsy needle may penetrate through and be combined with
the cannula. In other words, the biopsy needle may be an
inner needle (or a stylet) combined with the cannula. The
biopsy needle may have a notch at its distal end for collect-
ing a piece of tissue of the object. When the cannula is
inserted into the object and then the biopsy needle is shot out
of the cannula, a piece of tissue of the object may be
collected in the notch of the biopsy needle. When the biopsy
needle holding the collected piece of tissue is retracted back
into the cannula, extraction of the piece of tissue may be
completed. Thus, as the biopsy needle is shot out of the
biopsy gun, the piece of tissue may be taken from the object.
A first movement of the needle may include a movement of
a biopsy needle that is fired from a cannula of a biopsy gun,
and may be a movement of the needle at a time point when
a piece of tissue of the object is extracted.

[0095] According to an embodiment, the ultrasound imag-
ing apparatus 400 may generate position change information
of the needle. The position change information of the needle
may include information about a current position of the
needle, information about a direction of movement of the
needle, information about a speed of movement of the
needle, etc. The position change information of the needle
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may be generated based on a position of a specific portion
of the needle (e.g., a distal end or center of the needle).
[0096] According to an embodiment, the position change
information of the needle may be generated based on
information about a region corresponding to the needle in
the real-time ultrasound image, such as brightness informa-
tion of the region, information about a position of the needle
received from an external device, a signal detected from the
needle, etc. For example, the ultrasound imaging apparatus
400 may detect a region corresponding to the needle in the
real-time ultrasound image and track the detected region to
generate position change information of the needle. The
region corresponding to the needle may be detected in the
real-time ultrasound image by using an ultrasound image
analysis technique, and a detailed description of the ultra-
sound image analysis technique will be omitted here.
[0097] According to another embodiment. the ultrasound
imaging apparatus may generate position change informa-
tion of the needle based on information about a position of
the needle, which is received from a device including the
needle. For example, when the needle is a biopsy needle
included in a biopsy gun, the ultrasound imaging apparatus
400 may generate position change information of the needle
based on information about a position of the biopsy needle
received from the biopsy gun (e.g., information about shoot-
ing of the biopsy needle).

[0098] According to another embodiment. the ultrasound
imaging apparatus 400 may generate positon change infor-
mation of the needle based on an electromagnetic signal
detected from the needle. For example, when the needle
inserted into the object is a magnetized needle, the ultra-
sound imaging apparatus 400 may detect an electromagnetic
signal from the magnetized needle. The ultrasound imaging
apparatus 400 may then generate position change informa-
tion of the needle based on a change in the detected
electromagnetic signal.

[0099] According to an embodiment, the ultrasound imag-
ing apparatus 400 may detect movement of the needle based
on the generated position change information of the needle.
For example, when the needle moves, the ultrasound imag-
ing apparatus 400 may detect the movement of the needle
based on information about a current position of the needle,
information about a direction of the movement of the needle,
information about a speed of the movement of the needle,
etc. Furthermore, the ultrasound imaging apparatus 400 may
detect a first movement of the needle in real-time by
comparing position change information of the needle with
information about a direction of movement of the needle and
information about a speed of movement of the needle, which
are predefined with respect to the first movement of the
needle. In addition, when the needle is a biopsy needle, the
ultrasound imaging apparatus 400 may detect movement of
the needle when shot out of a biopsy gun based on infor-
mation about shooting of the biopsy needle, which is
received from the biopsy gun.

[0100] The ultrasound imaging apparatus 400 may auto-
matically store in the memory 420 a first ultrasound image
of the object including an ultrasound image captured at a
time point when the first movement of the needle is detected
(operation 540).

[0101] According to an embodiment, an ultrasound image
captured at a time point when the first movement of the
object is detected may be an ultrasound still image at a time
point when the first movement of the needle is detected. For
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example, when the first movement of the needle is set to an
advancement of the needle into a specific tissue of the
object, an ultrasound image captured at a time point when
the first movement is detected may be an ultrasound still
image at a time point when the needle advances into the
specific tissue of the object from outside of the specific
tissue.

[0102] According to an embodiment, when the first move-
ment of the needle is detected in the real-time ultrasound
image of the object, the ultrasound imaging apparatus 400
may automatically store in the memory 420 a first ultrasound
image including an ultrasound image captured at a time
point when the first movement is detected. For example, as
an advancement of the needle into a specific tissue of the
object is detected in the real-time ultrasound image, the
ultrasound imaging apparatus 400 may automatically store
in the memory 420 a first ultrasound image including an
ultrasound image captured at a time point when the advance-
ment of the needle into the specific tissue of the object is
detected. A first ultrasound image hereinafter refers to an
ultrasound image that is automatically stored as the first
movement is detected and includes an ultrasound still image
or ultrasound moving image captured at a time point when
the first movement is detected.

[0103] According to an embodiment, a first ultrasound
image may be a cine image that is captured during a
predetermined time interval and includes an ultrasound
image captured at a time point when the first movement of
the needle is detected. A cine image may be a series of
cross-sectional images of an internal part of the object,
which are arranged sequentially over time, and may be used
to examine movement of the internal part of the object. A
time interval for a cine image that is automatically stored
may be set based on a time point when the first movement
of the needle is detected. For example, a time interval for an
automatically stored cine image may be set to be a time
interval around a time point when the first movement is
detected (e.g., a time interval between the time point when
the first movement is detected and a time point occurring 5
seconds after the detection time point, or a time interval
between time points respectively occurring 5 seconds before
and after the detection time point.

[0104] According to another embodiment, a first ultra-
sound image may be an ultrasound still image at a time point
when the first movement of the needle is detected. For
example, when the first movement of the needle is set to an
advancement of the needle into a specific tissue of the
object, the ultrasound imaging apparatus 400 may automati-
cally store, as the first movement is detected, an ultrasound
still image at a time point when the needle advances into the
specific tissue of the object from outside of the specific
tissue.

[0105] According to an embodiment, the ultrasound imag-
ing apparatus 400 may store a first ultrasound image in a
non-volatile memory. For example, the ultrasound imaging
apparatus 400 may store the first ultrasound image in a
non-volatile memory such as ROM, a flash memory, a
magnetic computer memory, an optical disc drive, etc.
[0106] According to an embodiment, the ultrasound imag-
ing apparatus 400 may automatically store a first ultrasound
image together with its associated metadata. Metadata is
data that describes other data, and the metadata stored
together with the first ultrasound image may include data
related to the first ultrasound image. For example, the
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metadata stored together with the first ultrasound image may
include information about usage of the needle inserted into
the object, information about a specific tissue of the object
into which the needle is inserted, information about a time
point when the first movement of the object is detected, etc.
The ultrasound imaging apparatus 400 may generate a single
file including the first ultrasound image and its associated
metadata and store the generated file in the memory 420.

[0107] FIG. 6 illustrates an example in which a needle is
inserted according to ultrasound image guidance, according
to an embodiment.

[0108] Referring to FIG. 6, the ultrasound imaging appa-
ratus 400 may obtain and display a real-time ultrasound
image 600 of an object. The real-time ultrasound image 600
may be used as a guide image for inserting a needle 620 into
the object.

[0109] The real-time ultrasound image 600 may show a
specific tissue 610 of the object into which the needle 620 is
to be inserted. The ultrasound imaging apparatus 400 may
detect a region corresponding to the needle 620 inserted into
the object in the real-time ultrasound image 600. The
ultrasound imaging apparatus 400 may highlight and display
the detected region corresponding to the needle 620 in the
real-time ultrasound image 600.

[0110] The ultrasound imaging apparatus 400 may display
information for guiding needle insertion on the real-time
ultrasound image 600 in order to guide the needle insertion
into the object. For example, the ultrasound imaging appa-
ratus 400 may measure a distance between the needle 620
inserted into the object and a specific tissue 610 of the object
and display the measured distance 630 in the real-time
ultrasound image 600. Furthermore, the ultrasound imaging
apparatus 400 may display on the real-time ultrasound
image 600 a guide grid, a guide line indicating a direction of
movement of the needle 620, an indicator indicating a distal
end of the needle 620, etc., as information for guiding needle
insertion.

[0111] The ultrasound imaging apparatus 400 may display
the real-time ultrasound image 600 and information for
guiding needle insertion to allow a user to precisely insert
the needle 620 under ultrasound image guidance.

[0112] FIG. 7 illustrates an example in the ultrasound
imaging apparatus 400 automatically stores an ultrasound
image when a needle is advanced into a specific tissue of an
object, according to an embodiment.

[0113] Referring to FIG. 7, the ultrasound imaging appa-
ratus 400 may obtain and display real-time ultrasound
images, i.e., first through third real-time ultrasound images
710, 720, and 730 of the object. The first through third
real-time ultrasound images 710, 720, and 730 may each be
used as a guide image for inserting a needle into the object
and show a specific tissue 740 of the object into which a
needle is to be inserted. In this case, the specific tissue 740
may include thyroid, breast, etc., but is not limited thereto.

[0114] The ultrasound imaging apparatus 400 may set, as
a condition for automatically storing an ultrasound image of
an object, a first movement of a needle to an advancement
of the needle into the specific tissue 740 of the object. When
an advancement of the needle inserted into the object into
the specific tissue 740 is detected in the first through third
real-time ultrasound images 710, 720, and 730, the ultra-
sound imaging apparatus 400 may automatically store a first
ultrasound image of the object.
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[0115] Referring to FIG. 7, the first through third real-time
ultrasound images 710, 720, and 730 are shown in a chrono-
logical order according to the degree of an advancement of
needles 715, 725, and 735 into the specific tissue 740. The
first real-time ultrasound image 710 shows the needle 715
before being advanced into the specific tissue 740 of the
object. The second real-time ultrasound image 720 shows
the needle 725 at a time point when the needle 725 is
advanced into the specific tissue 740 of the object. The third
real-time ultrasound image 730 shows the needle 735 after
being advanced into the specific tissue 740 of the object.
[0116] The ultrasound imaging apparatus 400 may respec-
tively detect, based on position change information of the
needles 715, 725, and 735, movements of the needles 715,
725, and 735 from outside to inside the specific tissue 740
of the object. For example, the ultrasound imaging apparatus
400 may detect in the second real-time ultrasound image 720
a movement of the needle 725 from outside to inside the
specific tissue 740 based on information about a current
position of the needle 725, information about a direction of
movement of the needle 725, etc. In this case, the movement
of the needle 725 detected by the ultrasound imaging
apparatus 400 may include a movement of the needle 725 in
a direction in which a distance between a distal end of the
needle 725 and the specific tissue 740 decreases to less than
a predetermined value.

[0117] As an advancement of a needle into the specific
tissue 740 of the object is detected, the ultrasound imaging
apparatus 400 may automatically store in the memory 420 a
first ultrasound image including the first real-time ultrasound
image 720 that is an ultrasound image captured at a time
point when the advancement of the needle into the specific
tissue 740 is detected. For example, the ultrasound imaging
apparatus 400 may store the first real-time ultrasound image
720 as an ultrasound still image, or may store a cine image
including the first real-time ultrasound image 720.

[0118] The vltrasound imaging apparatus 400 may detect
an advancement of a needle inserted into an object into a
specific tissue and automatically store an ultrasound image
showing the advancement of the needle into the specific
tissue as a first ultrasound image. Thus, when the user inserts
a needle into a specific tissue of an object under ultrasound
image guidance, the ultrasound imaging apparatus 400 may
automatically store an ultrasound image showing an
advancement of the needle into the specific tissue to allow
the user to obtain an ultrasound image related to needle
insertion without a help from an assistant.

[0119] FIG. 8 illustrates an example in which the ultra-
sound imaging apparatus 400 automatically stores an ultra-
sound image when a needle repeatedly moves within an
object, according to an embodiment.

[0120] Referring to FIG. 8, the ultrasound imaging appa-
ratus 400 may obtain and display a real-time ultrasound
image 800 of an object. The real-time ultrasound image 800
may be used as a guide image for inserting a needle into the
object. The real-time ultrasound image 800 may show a
specific tissue 8§20 of the object that is subjected to exami-
nation using needle. In this case, the specific tissue 820 may
include thyroid, breast, etc., but is not limited thereto.
[0121] The ultrasound imaging apparatus 400 may set, as
a condition for automatically storing an ultrasound image of
an object, the first movement of a needle 810 to a repeated
movement of the needle 810 over a predetermined period of
time. When a repeated movement of the needle 810 inserted
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into the object is detected in the real-time ultrasound image
800, the ultrasound imaging apparatus 400 may automati-
cally store a first ultrasound image of the object.

[0122] Referring to FIG. 8, the real-time ultrasound image
800 shows a movement that occurs when the needle 810
advancing into the specific tissue 820 of the object repeat-
edly moves back and forth along an advancement direction.

[0123] The ultrasound imaging apparatus 400 may detect,
based on position change information of the needle 810
inserted into the object, a movement that occurs when the
needle 810 advancing into the specific tissue 820 of the
object repeatedly moves back and forth along an advance-
ment direction. For example, the ultrasound imaging appa-
ratus 400 may detect a region corresponding to the needle
810 in the real-time ultrasound image 800 and track the
detected region to generate position change information of
the needle 810. The ultrasound imaging apparatus 400 may
detect a repeated movement of the needle 810 based on the
generated position change information of the needle 810.

[0124] When the repeated movement of the needle 810
inserted into the object is detected in the real-time ultra-
sound image 800, the ultrasound imaging apparatus 400 may
automatically store a first ultrasound image of the object. For
example, the ultrasound imaging apparatus 400 may store
the real-time ultrasound image 800 at a time point when the
repeated movement of the needle 810 is detected as an
ultrasound still image, or may store a cine image including
the real-time ultrasound image 800.

[0125] The ultrasound imaging apparatus 400 may detect
a repeated movement of a needle inserted into an object and
automatically store an ultrasound image showing the
repeated movement of the needle as a first ultrasound image.
Thus, when the user performs FNA using a needle under
ultrasound image guidance, the ultrasound imaging appara-
tus 400 may automatically store an ultrasound image show-
ing a movement of the needle that ruptures cells into small
pieces and aspirates the ruptured cells via a repeated move-
ment, thereby allowing the user to obtain an ultrasound
image related to needle insertion without a help from an
assistant.

[0126] FIG. 9 illustrates an example in which the ultra-
sound imaging apparatus 400 automatically stores an ultra-
sound image when a biopsy needle shoots out of a biopsy
gun, according to an embodiment.

[0127] Referring to FIG. 9, the ultrasound imaging appa-
ratus 400 may obtain and display real-time ultrasound
images, i.e., first and second real-time ultrasound images
910 and 915 of an object. The first and second real-time
ultrasound images 910 and 915 may be used as a guide
image for collecting a piece of tissue of the object by using
a biopsy gun. The first and second real-time ultrasound
images 910 and 915 may each show a specific tissue 920 of
the object that is subjected to examination using a needle. In
this case, the specific tissue 920 may include thyroid, breast,
etc., but is not limited thereto.

[0128] Referring to FIG. 9, the first and second real-time
ultrasound images 910 and 915 may each show a movement
that occurs when a biopsy needle 932 is fired from a cannula
930 inserted into the object. The first real-time ultrasound
image 910 represents an image captured before the biopsy
needle 932 is fired from the cannula 930 inserted into the
object toward the specific tissue 920. The second real-time
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ultrasound image 915 represents an image at a time point
when the biopsy needle 932 is fired from the cannula 930
inserted into the object.

[0129] The ultrasound imaging apparatus 400 may set, as
a condition for automatically storing an ultrasound image of
an object, a first movement of a needle to a movement of a
biopsy needle when shot out of a biopsy gun. In this case, the
biopsy needle is included in the biopsy gun and fits into a
cannula inserted into the object. A movement of the biopsy
needle when shot out of the biopsy gun may include firing
of the biopsy needle from the cannula having the biopsy
needle engaged therein.

[0130] The ultrasound imaging apparatus 400 may detect
a movement of the shot biopsy needle 932 based on infor-
mation about a region corresponding to the cannula 930 and
the biopsy needle 932 in the first and second real-time
ultrasound images 910 and 915, position change information
of the biopsy needle 932 received from the biopsy gun, etc.
For example, the ultrasound imaging apparatus 400 may
detect a region corresponding to the cannula 930 in the first
real-time ultrasound image 910 and track whether the
detected region is extended to detect a movement of the
biopsy needle 932 fired from the cannula 930. Furthermore,
the ultrasound imaging apparatus 400 may receive a signal
indicating that the biopsy needle 932 has been shot out of the
biopsy gun and detect a movement of the biopsy needle 932
shot out of the biopsy gun based on the received signal.
[0131] When movement of the biopsy needle 932 when
shot out of the cannula 930 of the biopsy gun is detected in
the first and second ultrasound images 910 and 915, the
ultrasound imaging apparatus 400 may automatically store a
first ultrasound image of the object. For example, the
ultrasound imaging apparatus 400 may store a real-time
ultrasound image at a time point when the biopsy needle 932
is shot as an ultrasound still image, or may store a cine image
including the real-time ultrasound image.

[0132] The ultrasound imaging apparatus 400 may auto-
matically store an ultrasound image showing a movement of
a biopsy needle when shot out of a biopsy gun as a first
ultrasound image. Thus, when the user performs biopsy
using a biopsy gun under ultrasound image guidance, the
ultrasound imaging apparatus 400 may automatically store
an ultrasound image showing collection of a piece of tissue
by using the biopsy gun, thereby allowing the user to obtain
an ultrasound image related to the biopsy using a needle
without a help from an assistant.

[0133] FIG. 10 is a flowchart of a method of controlling
the ultrasound imaging apparatus 400, according to an
embodiment.

[0134] The ultrasound imaging apparatus 400 may set,
based on usage of a needle, a form of a first movement of the
needle as a condition for automatically storing an ultrasound
image of an object and then a first ultrasound image storage
mode corresponding to the setting of the form of the first
movement of the needle (operation 1010). In this case, as
described above, the first movement of the needle may mean
a movement of the needle set by the ultrasound imaging
apparatus 400 as a condition for automatically storing an
ultrasound image of the object.

[0135] According to an embodiment, the ultrasound imag-
ing apparatus 400 may set, according to usage of a needle,
a form of a first movement of the needle as a condition for
automatically storing an ultrasound image of an object. The
usage of a needle may be determined according to the type
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of a medical device including the needle. The needle may be
classified into a gun biopsy needle, a FNA biopsy needle, a
drug injection needle, a RFA needle, etc. according to its
usage. When the needle is a biopsy needle for gun biopsy,
the ultrasound imaging apparatus 400 may set a form of the
first movement of the needle to a movement of the needle
when shot out of a biopsy gun. Furthermore, when the
needle is a FNA biopsy needle, the ultrasound imaging
apparatus 400 may set a form of the first movement of the
needle to a repeated movement of the needle for rupturing
tissue of the object into small pieces.

[0136] According to another embodiment. the ultrasound
imaging apparatus 400 may set, according to its predefined
diagnostic mode, a form of a first movement of a needle as
a condition for automatically storing an ultrasound image of
an object. For example, the ultrasound imaging apparatus
400 may predefine a biopsy mode, a FNA mode, a drug
injection mode, a RFA mode, etc., as a diagnostic mode. The
ultrasound imaging apparatus 400 may set a form of the first
movement of the needle as a condition for automatically
storing an ultrasound image of the object according to a
diagnostic mode. Furthermore, the ultrasound imaging appa-
ratus 400 may set, based on a user input, a form of the first
movement of the needle as a condition for automatically
storing an ultrasound image of the object according to a
diagnostic mode.

[0137] According to an embodiment, the ultrasound imag-
ing apparatus 400 may set, based on a user input, a form of
a first movement of a needle as a condition for automatically
storing an ultrasound image of an object. For example, the
ultrasound imaging apparatus may receive a user input of
setting a first movement of a needle to an advancement of
the needle into a specific tissue of an object and set a form
of the first movement of the needle based on the received
user input.

[0138] According to an embodiment, the ultrasound imag-
ing apparatus 400 may set a first ultrasound image storage
mode in correspondence with setting of a form of a first
movement of a needle. The first ultrasound image storage
mode may include a time interval for the first ultrasound
image, a type of a first ultrasound image (e.g., a still image,
a cine image, etc.), setting with respect to whether to store
associated metadata together, etc. For example, when an
advancement of a needle into a specific tissue of an object
is set as a form of a first movement of the needle, the
ultrasound imaging apparatus 400 may set a first ultrasound
image storage mode to store a cine image having a prede-
termined time interval around a time point when the first
movement is detected (e.g., a time interval between time
points respectively occurring 5 seconds before and after the
time point when the first movement is detected). Further-
more, the ultrasound imaging apparatus 400 may set meta-
data related to a first ultrasound image and which is to be
stored together with the first ultrasound image (e.g., infor-
mation about usage of the needle, information about a time
point when the first movement of the object is detected, etc.).
[0139] The ultrasound imaging apparatus 400 may trans-
mit ultrasound signals to the object and receive echo signals
corresponding to the transmitted ultrasound signals (opera-
tion 1020). According to an embodiment, operation 1020
may correspond to operation 510 described with reference to
FIG. 5.

[0140] The ultrasound imaging apparatus 400 may obtain
a real-time ultrasound image of the object based on the
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received echo signals (operation 1030). According to an
embodiment, operation 1030 may correspond to operation
520 described with reference to FIG. 5.

[0141] The ultrasound imaging apparatus 400 may detect
a predefined first movement of a needle inserted into the
object in the obtained real-time ultrasound image (operation
1040). According to an embodiment, operation 1040 may
correspond to operation 530 described with reference to
FIG. 5.

[0142] The ultrasound imaging apparatus 400 may auto-
matically store in the memory 420 a first ultrasound image
of the object, which includes an ultrasound image captured
at a time point when the first movement of the needle is
detected (operation 1050). According to an embodiment,
operation 1050 may correspond to operation 540 described
with reference to FIG. 5.

[0143] FIG. 11 illustrates an example in which the ultra-
sound imaging apparatus 400 sets an ultrasound image
automatic storage mode for automatically storing an ultra-
sound image according to a movement of a needle, accord-
ing to an embodiment.

[0144] Referring to FIG. 11, the ultrasound imaging appa-
ratus 400 may display a UT 1100 configured to set a mode for
automatically storing an ultrasound image according to a
movement of a needle inserted into an object. Setting of an
ultrasound image automatic storage mode may include set-
ting of a form of a first movement of a needle, setting of a
first ultrasound image storage mode, etc., as a condition for
automatically storing an ultrasound image.

[0145] The ultrasound imaging apparatus 400 may receive
a user input via the displayed UI 1100. The ultrasound
imaging apparatus 400 may also set an ultrasound image
automatic storage mode based on the user input received via
the UT 1100.

[0146] The ultrasound imaging apparatus 400 may set,
based on the user input, a first movement of a needle as a
condition for automatically storing an ultrasound image
according to a diagnostic mode. For example, the ultrasound
imaging apparatus 400 may predefine an ultrasound image
automatic storage mode for each diagnostic mode (a biopsy
mode, a FNA mode, a drug injection mode, a RFA mode,
etc.) The ultrasound imaging apparatus 400 may set, based
on a user input of selecting a diagnostic mode 1110, an
ultrasound image automatic storage mode to the selected
diagnostic mode 1110.

[0147] Referring to FIG. 11, the ultrasound imaging appa-
ratus 400 may set, based on a user input of selecting a biopsy
mode 1112 as the diagnostic mode 1110, an ultrasound
image automatic storage mode so that a movement (i.e., a
first movement herein) of a needle is detected in the biopsy
mode 1112 under ultrasound image guidance and then an
ultrasound image is automatically stored. In this case, the
first movement of the needle as an automatic storage con-
dition in the biopsy mode 1112 may be predefined, or may
be set based on a user input. For example, the ultrasound
imaging apparatus 400 may display, based on a user input of
subsequently setting the first movement (1114), a Ul for
setting the first movement as a condition for automatically
storing an ultrasound image in the biopsy mode 1112.
Referring to FIG. 12, the ultrasound imaging apparatus 400
may set, based on a user input of setting a first movement via
a UI 1200, the first movement as an automatic storage
condition in a biopsy mode. The ultrasound imaging appa-
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ratus 400 may set an advancement 1210 of a needle into a
specific tissue of an object as the first movement.

[0148] The ultrasound imaging apparatus 400 may set a
first ultrasound image storage mode based on a user input.
For example, the ultrasound imaging apparatus 400 may set
a type of an ultrasound image to be automatically stored.
Referring to FIG. 11, the ultrasound imaging apparatus 400
may set, based on a user input, a type of an ultrasound image
to be automatically stored to a cine image 1122. Further-
more, when the cine image 1122 is stored as a first ultra-
sound image, the ultrasound imaging apparatus 400 may set
a time interval for the cine image 1122 based on the user
input. For example, the ultrasound imaging apparatus 400
may set the time interval to be between time points respec-
tively occurring 5 seconds before and after the first move-
ment is detected.

[0149] According to an embodiment, the ultrasound imag-
ing apparatus 400 may set a time interval for the cine image
1122 to be up to a time point when a defined first movement
is detected. For example, when the first movement is a
reciprocating movement of the needle, the ultrasound imag-
ing apparatus 400 may store the cine image 1122 while the
reciprocating movement of the needle is detected.

[0150] Methods of controlling an ultrasound imaging
apparatus according to embodiments may be recorded in
non-transitory computer-readable recording media having
stored therein one or more program including instructions
for executing the methods. Examples of non-transitory com-
puter-readable recording media include magnetic media
such as hard disks, floppy disks, and magnetic tape, optical
media such as CD-ROM and DVDs, magneto-optical media
such as floptical discs, and hardware devices that are spe-
cially configured to store and perform program instructions,
such as ROM, RAM, flash memory, and the like. Examples
of program instructions include not only machine code such
as that created by a compiler but also high level language
code that may be executed by a computer using an inter-
preter or the like.

[0151] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that the embodiments are
not to be construed as limiting the scope of the disclosure.
Various changes and modifications in form and details based
on the basic concept of the disclosure may fall within the
spirit and scope as defined by the following claims.

What is claimed is:

1. An ultrasound imaging apparatus comprising:

a probe configured to transmit ultrasound signals to an
object and receive echo signals corresponding to the
ultrasound signals;

a memory; and

at least one processor configured to obtain a real-time
ultrasound image of the object from the echo signals,
detect a predefined first movement of a needle inserted
into the object, and automatically store in a memory a
first ultrasound image of the object including an ultra-
sound image captured at a time point when the first
movement of the needle is detected.

2. The ultrasound imaging apparatus of claim 1, wherein
the first movement of the needle comprises an advancement
of the needle into a particular tissue of the object, and

wherein the at least one processor is further configured to
automatically store in the memory the first ultrasound
image including an ultrasound image captured at a time
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point when the advancement of the needle into the
particular tissue of the object is detected.
3. The ultrasound imaging apparatus of claim 1, wherein
the first movement of the needle comprises a repeated
movement of the needle over a predetermined period of
time, and
wherein the at least one processor is further configured to
automatically store in the memory the first ultrasound
image including an ultrasound image captured at a time
point when the repeated movement of the needle is
detected.
4. The ultrasound imaging apparatus of claim 1, wherein
the first movement of the needle comprises a movement of
the needle at a speed greater than or equal to a predetermined
speed, and
wherein the at least one processor is further configured to
automatically store in the memory the first ultrasound
image including an ultrasound image captured at a time
point when the movement of the needle at the speed
greater than or equal to the predetermined speed is
detected.
5. The ultrasound imaging apparatus of claim 1, wherein
the needle is a biopsy needle shot out of a biopsy gun,
wherein the first movement of the needle comprises a
movement of the needle shot out of the biopsy gun, and

wherein the at least one processor is further configured to
automatically store in the memory the first ultrasound
image including an ultrasound image captured at a time
point when the movement of the needle shot out of the
biopsy gun is detected.

6. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to set, based
on usage of the needle, a form of the first movement of the
needle as a condition for automatically storing the first
ultrasound image and set a first ultrasound image storage
mode in correspondence with the setting.

7. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to detect the
first movement of the needle based on position change
information of the needle, and

wherein the position change information of the needle is

generated based on at least one or a combination of
information about a region corresponding to the needle
in the real-time ultrasound image, information about a
position of the needle, which is received from an
external device including the needle, and a signal
detected from the needle.

8. The ultrasound imaging apparatus of claim 1, wherein
the needle comprises at least one of a biopsy needle shot out
of a biopsy gun for collection of tissue of the object, a needle
inserted into the object for fine needle aspiration (FNA), a
needle for injecting a drug into the object, and a needle
inserted into the object for radio frequency ablation (RFA).

9. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to store in the
memory a cine image captured over a predetermined time
interval, the cine image including an ultrasound image
captured at a time point when the first movement of the
needle is detected.

10. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to automati-
cally store in the memory the first ultrasound image together
with metadata related to the first ultrasound image, and
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wherein the metadata comprises at least one or a combi-
nation of information about usage of the needle, infor-
mation about a particular tissue of the object into which
the needle is inserted, and information about a time
point when the first movement of the object is detected.

11. A method of controlling an ultrasound imaging appa-
ratus, the method comprising:

transmitting ultrasound signals to an object and receiving

echo signals corresponding to the ultrasound signals;
obtaining a real-time ultrasound image of the object from
the echo signals;

detecting a predefined first movement of a needle inserted

into the object; and

automatically storing in a memory a first ultrasound

image of the object including an ultrasound image
captured at a time point when the first movement of the
needle is detected.
12. The method of claim 11, whetein the first movement
of the needle comprises an advancement of the needle into
a particular tissue of the object, and
wherein the automatic storing of the first ultrasound
image in the memory comprises automatically storing
in the memory the first ultrasound image including an
ultrasound image captured at a time point when the
advancement of the needle into the particular tissue of
the object is detected.
13. The method of claim 11, wherein the first movement
of the needle comprises a repeated movement of the needle
over a predetermined period of time, and
wherein the automatically storing of the first ultrasound
image in the memory comprises automatically storing
in the memory the first ultrasound image including an
ultrasound image captured at a time point when the
repeated movement of the needle is detected.
14. The method of claim 11, wherein the first movement
of the needle comprises a movement of the needle at a speed
greater than or equal to a predetermined speed, and
wherein the automatic storing of the first ultrasound
image in the memory comprises automatically storing
in the memory the first ultrasound image including an
ultrasound image captured at a time point when the
movement of the needle at the speed greater than or
equal to the predetermined speed is detected.
15. The method of claim 11, wherein the needle is a
biopsy needle shot out of a biopsy gun,
wherein the first movement of the needle comprises a
movement of the needle shot out of the biopsy gun, and

wherein the automatic storing of the first ultrasound
image in the memory comprises automatically storing
in the memory the first ultrasound image including an
ultrasound image captured at a time point when the
movement of the needle shot out of the biopsy gun is
detected.

16. The method of claim 11, further comprising setting,
based on usage of the needle, a form of the first movement
of the needle as a condition for automatically storing the first
ultrasound image. and in correspondence with the setting,
setting a first ultrasound image storage mode.

17. The method of claim 11, wherein the detecting of the
first movement of the needle comprises detecting the first
movement of the needle based on position change informa-
tion of the needle, and

wherein the position change information of the needle is

generated based on at least one or a combination of
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information about a region corresponding to the needle
in the real-time ultrasound image, information about a
position of the needle, which is received from an
external device including the needle, and a signal
detected from the needle.

18. The method of claim 11, wherein the needle comprises
at least one of a biopsy needle shot out of a biopsy gun for
collection of tissue of the object, a needle inserted into the
object for fine needle aspiration (FNA), a needle for inject-
ing a drug into the object, and a needle inserted into the
object for radio frequency ablation (RFA).

19. The method of claim 11, wherein the automatic storing
of the first ultrasound image in the memory comprises
automatically storing in the memory a cine image captured
over a predetermined time interval, the cine image including
an ultrasound image captured at a time point when the first
movement of the needle is detected.
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20. A computer program product comprising a recording
medium having stored therein program instructions which,
when executed by the processor, perform a method of
controlling an ultrasound imaging apparatus, the method
comprising:

transmitting ultrasound signals to an object and receiving

echo signals corresponding to the ultrasound signals;
obtaining a real-time ultrasound image of the object from
the echo signals;

detecting a predefined first movement of a needle inserted

into the object; and

automatically storing in a memory a first ultrasound

image of the object including an ultrasound image
captured at a time point when the first movement of the
needle is detected.
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