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ULTRASOUND IMAGING APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0153317, filed on Nov. 17,
2016, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to ultrasound imag-
ing apparatuses and methods of controlling the same.

2. Description of the 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 of the object, for example, soft tissue or blood flow.
[0004] An ultrasound imaging apparatus generates and
displays an amplitude (A) mode image, a bright (B) mode
image, a motion (M) mode image, a color doppler mode
image, and a real-time three-dimensional (3D) ultrasound
image.

[0005] Also, in a case where it 1s difficult to find blood
vessels or lesions, an ultrasound imaging apparatus gener-
ates and displays a contrast-enhanced image by using a
signal transmitted from an object to which a contrast agent
is injected.

[0006] However, in the ultrasound imaging apparatus
according to the related art, a user has to set a certain region
in an image as a region of interest and identify whether there
is a lesion. In particular, if there are a plurality of lesions in
the image, the user has to identify each one of the plurality
of lesions individually. Moreover, some users are not
capable of identifying whether there is a lesion.

SUMMARY

[0007] Provided are ultrasound imaging apparatuses and
methods of controlling the ultrasound imaging apparatuses
capable of detecting a region having features similar to those
of a region of interest set in a contrast-enhanced image and
an ultrasound image that are registered.

[0008] Provided are non-transitory computer-readable
recording media having recorded thereon a program, which
when executed by a computer. performs the above methods.
[0009] 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.

[0010] According to an aspect of an embodiment, a
method of controlling an ultrasound imaging apparatus
includes: setting a region of interest on a contrast-enhanced
image or an ultrasound image that is registered and dis-
played; obtaining feature information of the contrast-en-
hanced image or the ultrasound image from the set region of
interest; detecting at least one region, in which feature
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information similar to the feature information of the region
of interest is obtained; and displaying the at least one region
that is detected.

[0011] According to an aspect of another embodiment,
there is provided a non-transitory computer-readable record-
ing medium having embodied thereon a program for execut-
ing the above method.

[0012] According to an aspect of another embodiment, an
ultrasound imaging apparatus includes: at least one proces-
sor configured to generate a contrast-enhanced image and an
ultrasound image of an object by using a signal received
through a probe, and to register the contrast-enhanced image
and the ultrasound image; a display configured to display the
contrast-enhanced image and the ultrasound image that are
registered; and an input interface configured to receive a
signal for setting a region of interest in the contrast-en-
hanced image or the ultrasound image, wherein the at least
one processor is configured to set the region of interest in the
contrast-enhanced image and the ultrasound image by using
the signal, to obtain feature information of the contrast-
enhanced image and the ultrasound image from the set
region of interest, and to detect at least one region, in which
feature information similar to the feature information
obtained from the region of interest is obtained, wherein the
display is configured to display at least one detected region.
[0013] According to an aspect of another embodiment, a
method of controlling an ultrasound imaging apparatus
includes: setting a region of interest in a contrast-enhanced
image or in an ultrasound image that is registered and
displayed; obtaining feature information of the set region of
interest of the contrast-enhanced image or the ultrasound
image; detecting at least one region of the contrast-enhanced
image or the ultrasound image, in which feature information
similar to the feature information of the set region of interest
is obtained, the at least one region being different from the
set region of interest; and displaying the at least one region
that is detected.

[0014] According to an aspect of another embodiment, an
ultrasound imaging apparatus includes: at least one proces-
sor configured to generate a contrast-enhanced image and an
ultrasound image of an object by using a signal received
through a probe, and to register the contrast-enhanced image
and the ultrasound image; a display configured to display the
contrast-enhanced image and the ultrasound image that are
registered; and an input interface configured to receive a
signal for setting a region of interest in the contrast-en-
hanced image or in the ultrasound image, wherein the at
least one processor is configured to set the region of interest
in the contrast-enhanced image and the ultrasound image by
using the signal, to obtain feature information of the set
region of interest of the contrast-enhanced image and the
ultrasound image. and to detect at least one region of the
contrast-enhanced image or the ultrasound image, in which
feature information similar to the feature information
obtained from the set region of interest is obtained, the at
least one region being different from the set region of
interest, wherein the display is configured to display at least
one region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:
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[0016] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus according to an exemplary embodiment;
[0017] FIGS. 2A, 2B, and 2C are diagrams respectively
illustrating an ultrasound diagnosis apparatus according to
an exemplary embodiment;

[0018] FIG. 3 is a block diagram of an ultrasound imaging
apparatus according to an embodiment of the present dis-
closure;

[0019] FIG. 4 is a flowchart illustrating a method of
controlling an ultrasound imaging apparatus according to an
embodiment of the present disclosure;

[0020] FIG. 5 is a flowchart illustrating a method of
controlling an ultrasound imaging apparatus according to an
embodiment of the present disclosure;

[0021] FIG. 6 is a diagram of a time-intensity curve of a
contrast-enhanced signal of an object according to an
embodiment of the present disclosure;

[0022] FIGS. 7A and 7B are diagrams of each region in a
contrast-enhanced image and a time-intensity curve corre-
sponding to each region, according to an embodiment of the
present disclosure;

[0023] FIG. 8A is a diagram illustrating feature informa-
tion obtained from an ultrasound image according to an
embodiment of the present disclosure;

[0024] FIG. 8B is a diagram illustrating feature informa-
tion obtained from an ultrasound image according to an
embodiment of the present disclosure;

[0025] FIG. 8C is a diagram illustrating feature informa-
tion obtained from an ultrasound image according to an
embodiment of the present disclosure;

[0026] FIG. 9 is a flowchart illustrating a method of
controlling an ultrasound imaging apparatus according to an
embodiment of the present disclosure;

[0027] FIG. 10 is a diagram illustrating detection of
regions having similar feature information by an ultrasound
imaging apparatus according to an embodiment of the
present disclosure;

[0028] FIG. 11 is a flowchart illustrating a method of
controlling an ultrasound imaging apparatus according to an
embodiment of the present disclosure;

[0029] FIGS. 12A and 12B are diagrams illustrating detec-
tion of regions having similar feature information by an
ultrasound imaging apparatus according to an embodiment
of the present disclosure;

[0030] FIG. 13 is a diagram illustrating detection of
regions having similar feature information by an ultrasound
imaging apparatus according to an embodiment of the
present disclosure;

[0031] FIG. 14 is a flowchart illustrating a method of
controlling an ultrasound imaging apparatus according to an
embodiment of the present disclosure; and

[0032] FIG. 15 is a diagram illustrating color-coding of a
region having similar feature information to that of a region
of interest performed by an ultrasound imaging apparatus
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0033] The present specification describes principles of
the present disclosure and provides embodiments so that a
scope of the present disclosure may be clarified and one of
ordinary skill in the art would carry out the present disclo-
sure. The embodiments may be implemented in various
types. Expressions such as “at least one of,” when preceding
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a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[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 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.

[0035] 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.

[0036] 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.

[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] Throughout the specification, “feature informa-
tion” refers to information regarding features of a region
obtained from the region that is a part of an ultrasound image
and a contrast-enhanced image. For example, the feature
information may include image signal data, parameters
obtained from an image signal, and a vector value of an
image signal.

[0040] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0041] 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.

[0042] 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.

[0043] 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.

[0044] 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
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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.

[0045] The probe 20 may generate a contrast-enhanced
signal including various contrast patterns that are shown
when a microbubble ultrasonography contrast injected into
the object 10 is dispersed to blood vessels and organs of the
object.

[0046] The controller 120 may control 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.
[0047] 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 converted reception
signals, based on a position and a focal point of the plurality
of transducers.

[0048] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated from the
ultrasound receiver 115.

[0049] The image processor 130 may generate a contrast-
enhanced image by using the contrast-enhanced signal gen-
erated by the ultrasound receiver 115. The image processor
130 may simultaneously generate an ultrasound image and
a contrast-enhanced image in real-time.

[0050] The controller 120 and the image processor 130
may be implemented as one processor, or may be each
implemented as one or more processors. The processor may
be implemented as an array of a plurality of logic gates, or
as a combination of a universal microprocessor and a
memory storing programs that may be executed in the
microprocessor. In addition, one of ordinary skill in the art
would appreciate that the central processor may be imple-
mented as other types of hardware.

[0051] The display 140 may display a generated ultra-
sound image, the contrast-enhanced 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.

[0052] 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.

[0053] 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.
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[0054] 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.

[0055] 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.
[0056] 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.

[0057] 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.
[0058] 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.

[0059] 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.

[0060] 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.

[0061] The storage 150 may store feature information of a
region of interest set on the contrast-enhanced image and the
ultrasound image. The storage 150 may store feature infor-
mation obtained from a region included in the contrast-
enhanced image and the ultrasound image. The storage 150
may store a result of analyzing similarity between feature
information obtained from the region included in the con-
trast-enhanced image and the ultrasound image and feature
information of the region of interest set on the contrast-
enhanced image and the ultrasound image.

[0062] 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.

[0063] The input interface 170 may receive a user input
for setting the region of interest.

[0064] 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.
[0065] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatus according to an exemplary
embodiment.
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[0066] 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, as a GUIL, a
control panel to control display of the ultrasound image. 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.

[0067] 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 single
frame image at that time point.

[0068] 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.

[0069] 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, personal digital assistants
(PDAGS), or tablet PCs, but an exemplary embodiment is not
limited thereto.

[0070] 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/or a GUL

[0071] FIG. 3 is a block diagram of an ultrasound imaging
apparatus 300 according to an embodiment of the present
disclosure.

[0072] According to an embodiment illustrated in FIG. 3,
the ultrasound imaging apparatus 300 may include a probe
320, a controller 330, a display 350, and an input interface
370.

[0073] The probe 320 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to the object 10. The plurality of transducers receive
ultrasound signals reflected by the object 10 or a contrast-
enhanced signal generated from the contrast agent injected
into the object 10, and generate reception signals.

[0074] The controller 330 may include at least one pro-
cessor. The controller 330 may control each of the compo-
nents included in the ultrasound imaging apparatus 300. The
controller 330 may generate an ultrasound signal by using
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the received ultrasound signal. The controller 330 may
generate a contrast-enhanced image by using the received
contrast-enhanced signal. The controller 330 may simulta-
neously generate the ultrasound image and the contrast-
enhanced image.

[0075] According to the embodiment, the controller 330
may control the probe 320 to generate ultrasound data or
contrast-enhanced data by performing analog-digital con-
version of the signal transmitted from the probe 320 and
combining the digitally converted signals based on locations
of the plurality of transducers and focusing points.

[0076] According to the embodiment, the controller 330
may set a region of interest based on the user input received
through the input interface 370.

[0077] According to the embodiment, the controller 330
may obtain feature information of the contrast-enhanced
image. For example, the controller 330 may generate a time
intensity curve representing a variation in an intensity of the
received contrast-enhanced signal by using the received
contrast-enhanced signal. The controller 330 may obtain
feature information of the contrast-enhanced image by using
the generated time intensity curve.

[0078] According to the embodiment, the controller 330
may obtain feature information of the ultrasound image. For
example, the controller 330 may obtain the feature infor-
mation of the ultrasound signal by using an intensity of an
ultrasound image signal.

[0079] According to the embodiment, the controller 330
may obtain features of the contrast-enhanced image and
feature information of the ultrasound image. For example,
the controller 330 may obtain the feature information based
on the time intensity curve representing the variation in the
intensity of the contrast-enhanced signal and the intensity of
the ultrasound image signal. The controller 330 may obtain
the feature information based on a plurality of parameters
that may be obtained from the time intensity curve repre-
senting the variation in the intensity of the contrast-en-
hanced signal and a plurality of parameters that may be
obtained from the intensity of the ultrasound image signal.
[0080] According to the embodiment, the controller 330
may segment the contrast-enhanced image and the ultra-
sound image into a plurality of detection target regions
having a first size. For example, the controller 330 may
segment the contrast-enhanced image and the ultrasound
image into the detection target regions having the first size
that is equal to a size of the region of interest. The controller
330 may segment the contrast-enhanced image and the
ultrasound image so that the plurality of detection target
regions having the first size may overlap with one another.
The controller 330 may segment the contrast-enhanced
image and the ultrasound image so that the plurality of
detection target regions having the first size may overlap
with one another by an area smaller than the first size.
[0081] According to the embodiment, the controller 330
may obtain feature information from each of the plurality of
detection target regions having the first size. For example,
the controller 330 may obtain feature information from each
of the plurality of detection target regions of the first size
segmented from the contrast-enhanced image. The control-
ler 330 may obtain feature information from each of the
plurality of detection target regions of the first size seg-
mented from the ultrasound image. The controller 330 may
obtain feature information of each of the contrast-enhanced
image and the ultrasound image that are registered, wherein
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the contrast-enhanced image and the ultrasound image are
segmented into the plurality of detection target regions of the
first size.

[0082] The controller 330 may obtain the feature infor-
mation based on a plurality of parameters that may be
obtained from the time intensity curve of the contrast-
enhanced signal transmitted from each of the plurality of
detection target regions of the first size segmented from the
contrast-enhanced image. The controller 330 may obtain the
feature information based on a plurality of parameters that
may be obtained from the intensity of the ultrasound image
signal transmitted from each of the plurality of detection
target regions of the first size segmented from the ultrasound
image. The controller 330 may obtain the feature informa-
tion based on the plurality of parameters that may be
obtained from the contrast-enhanced image and the ultra-
sound image that are segmented into the plurality of detec-
tion target regions of the first size.

[0083] According to the embodiment, the controller 330
may analyze similarity between the feature information
obtained from the region of interest and the feature infor-
mation obtained from the contrast-enhanced image and the
ultrasound image segmented into the plurality of detection
target regions of the first size. The controller 330 may
analyze the similarity by comparing a difference value
between a first parameter included in the feature information
obtained from the region of interest and a plurality of second
parameters included in the feature information obtained
from the plurality of detection target regions of the first size
with a threshold value set in advance.

[0084] According to the embodiment, the controller 330
may detect a region, in which feature information similar to
that of the region of interest is obtained, by using an analysis
result of the similarity between the feature information
obtained from the region of interest and the feature infor-
mation obtained from the plurality of detection target
regions of the first size.

[0085] According to the embodiment, the controller 330
may segment the region, in which the feature information
similar to that of the region of interest is detected, into a
plurality of detection target regions having a second size.
The controller 330 may segment the region, in which the
feature information similar to that of the region of interest is
detected, into the detection target regions of the second size
that is smaller than the first size. The controller 330 may
segment the region, in which the feature information similar
to that of the region of interest is obtained, into the detection
target regions of the second size to overlap with one another.
The controller 330 may segment the region, in which the
feature information similar to that of the region of interest,
into the detection target regions of the second size to overlap
with one another by an area smaller than the second size.

[0086] According to the embodiment, the controller 330
may analyze similarity between the feature information
obtained from the region of interest and feature information
obtained from the plurality of detection target regions of the
second size. The controller 330 may analyze the similarity
by comparing a difference value between a first parameter
included in the feature information obtained from the region
of interest and a plurality of second parameters included in
the feature information obtained from the plurality of detec-
tion target regions of the second size with a threshold value
set in advance.
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[0087] According to the embodiment, the controller 330
may perform a color-coding on at least one region, in which
feature information similar to that of the region of interest is
obtained, in at least one of the contrast-enhanced image and
the ultrasound image.

[0088] According to the embodiment, the controller 330
may perform the color-coding on at least one region, in
which the feature information similar to that of the region of
interest is obtained, into a preset color corresponding to the
similarity of the feature information obtained from the
region of interest.

[0089] According to the embodiment, the display 350 may
display the region, in which the feature information similar
to that of the detected region of interest is obtained. For
example, the display 350 may display the color-coded
region. The display 350 may display the region that is
color-coded into the preset color corresponding to the simi-
larity of the feature information obtained from the region of
interest. The display 350 may display a contour line of the
region, in which the feature information similar to that of the
detected region of interest is obtained.

[0090] The input interface 370 may receive a user input
for setting the region of interest.

[0091] In addition, FIGS. 4 and 5 are flowcharts illustrat-
ing methods of controlling an ultrasound imaging apparatus
according to an embodiment of the present disclosure.
[0092] According to the embodiment illustrated with ref-
erence to FIG. 4, the method of controlling the ultrasound
imaging apparatus may include setting a region of interest in
a contrast-enhanced image or an ultrasound image (410),
obtaining feature information of the contrast-enhanced
image and the ultrasound image from the set region of
interest (420), detecting at least one region, in which feature
information similar to that of the region of interest is
obtained (430), and displaying the detected at least one
region (440).

[0093] In operation 410, the ultrasound imaging apparatus
300 may set a region of interest in a contrast-enhanced
image or an ultrasound image.

[0094] The ultrasound imaging apparatus 300 may receive
a contrast-enhanced signal from a contrast agent injected
into the object 10.

[0095] The ultrasound imaging apparatus 300 may receive
an ultrasound signal from the object 10.

[0096] The ultrasound imaging apparatus 300 may gener-
ate a contrast-enhanced image by using the received con-
trast-enhanced signal and generate an ultrasound image by
using the received ultrasound signal.

[0097] The ultrasound imaging apparatus 300 may register
the contrast-enhanced image and the ultrasound image with
each other.

[0098] The ultrasound imaging apparatus 300 may display
the registered contrast-enhanced image and the ultrasound
image.

[0099] The ultrasound imaging apparatus 300 may receive
a user input for setting a region of interest in the contrast-
enhanced image or the ultrasound image that are registered
and displayed. The ultrasound imaging apparatus 300 may
set the region of interest on at least one of the contrast-
enhanced image and the ultrasound image based on the user
input. For example, when the ultrasound imaging apparatus
300 receives an input for setting a region of interest on the
contrast-enhanced image from the user, the ultrasound imag-
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ing apparatus 300 may set the region of interest on the
contrast-enhanced image based on the input from the user.

[0100] When the ultrasound imaging apparatus 300
receives an input for setting a region of interest on the
ultrasound image from the user, the ultrasound imaging
apparatus 300 may set the region of interest on the ultra-
sound image based on the input from the user.

[0101] When the ultrasound imaging apparatus 300
receives an input for setting a region of interest on the
contrast-enhanced image or the ultrasound image from the
user, the ultrasound imaging apparatus 300 may set the
region of interest on each of the contrast-enhanced image
and the ultrasound image based on the input from the user.

[0102] When the ultrasound imaging apparatus 300
receives an input for setting a region of interest on the
contrast-enhanced image registered to the ultrasound image
from the user, the ultrasound imaging apparatus 300 may set
the region of interest on the contrast-enhanced image and the
ultrasound image that are registered, based on the input from
the user.

[0103] When the ultrasound imaging apparatus 300
receives an input for setting a region of interest on the
ultrasound image registered to the contrast-enhanced image
from the user, the ultrasound imaging apparatus 300 may set
the region of interest on the contrast-enhanced image and the
ultrasound image that are registered, based on the input from
the user.

[0104] In addition, in operation 420, the ultrasound imag-
ing apparatus 300 may obtain feature information of the
contrast-enhanced image and the ultrasound image from the
set region of interest.

[0105] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the contrast-enhanced image. For example, the ultrasound
imaging apparatus 300 may generate a time intensity curve
representing a variation in the intensity of the contrast-
enhanced signal by using the received contrast-enhanced
signal. The ultrasound imaging apparatus 300 may obtain
the feature information of the contrast-enhanced image by
using the generated time intensity curve. The ultrasound
imaging apparatus 300 may obtain the feature information of
the contrast-enhanced image by using a parameter that may
be obtained from the generated time intensity curve.

[0106] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the ultrasound image. For example, the ultrasound imaging
apparatus 300 may obtain the feature information of the
ultrasound signal by using an intensity of an ultrasound
image signal. The ultrasound imaging apparatus 300 may
obtain the feature information of the ultrasound image by
using a parameter that may be obtained from the ultrasound
image.

[0107] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the contrast-enhanced image and the ultrasound image. For
example, the ultrasound imaging apparatus 300 may obtain
the feature information based on the time intensity curve
representing the variation in the intensity of the contrast-
enhanced signal and the intensity of the ultrasound image
signal. The ultrasound imaging apparatus 300 may obtain
the feature information based on the parameter that may be
obtained from the time intensity curve representing the
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variation in the intensity of the contrast-enhanced signal and
the parameter that may be obtained from the ultrasound
image.

[0108] The embodiment of operation 420 will be addition-
ally described later with reference to FIGS. 5, 6, and 8A to
8C.

[0109] In addition, in operation 430, the ultrasound imag-
ing apparatus 300 may detect at least one region, in which
feature information similar to that of the region of interest is
obtained.

[0110] According to the embodiment, the ultrasound
imaging apparatus 300 may detect at least one region, in
which the feature information similar to that of the region of
interest is obtained, by analyzing similarity between the
feature information obtained from a part of the contrast-
enhanced image and the feature information obtained from
the region of interest.

[0111] According to the embodiment, the ultrasound imag-
ing apparatus 300 may detect at least one region, in which
the feature information similar to that of the region of
interest is obtained, by analyzing similarity between the
feature information obtained from a part of the ultrasound
image and the feature information obtained from the region
of interest.

[0112] According to the embodiment, the ultrasound
imaging apparatus 300 may detect at least one region, in
which the feature information similar to that of the region of
interest is obtained, by analyzing similarity between the
feature information obtained from a part of the contrast-
enhanced image and the ultrasound image and the feature
information obtained from the region of interest.

[0113] According to the embodiment, the ultrasound
imaging apparatus 300 may segment the contrast-enhanced
image and the ultrasound image into a plurality of detection
target regions, and may detect at least one region, in which
the feature information similar to that of the region of
interest is obtained.

[0114] Operation 430 according to the embodiment will be
additionally described later with reference to FIGS. 7A and
7B, and 9 to 13.

[0115] In addition, in operation 440, the ultrasound imag-
ing apparatus 300 may display at least one detected region,
in which feature information similar to that of the region of
interest is obtained.

[0116] According to the embodiment, the ultrasound
imaging apparatus 300 may color-code and display the at
least one detected region, in which the feature information
similar to that of the region of interest is obtained.

[0117] Operation 440 according to the embodiment will be
additionally described later with reference to FIGS. 14 and
15.

[0118] In addition, FIG. 5 is a flowchart illustrating a
method of controlling an ultrasound imaging apparatus
according to the embodiment illustrated in operation 420,
FIG. 6 is a diagram of a time intensity curve of the
contrast-enhanced signal of an object according to an
embodiment of the present disclosure, and FIGS. 8A to 8C
are diagrams of feature information obtained from an ultra-
sound image according to an embodiment of the present
disclosure.

[0119] According to the embodiment illustrated with ref-
erence to FIG. 5, the process of obtaining the feature
information of the contrast-enhanced image and the ultra-
sound image from the set region of interest by the ultrasound
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imaging apparatus 300 may include generating a time inten-
sity curve of the contrast-enhanced signal (510), and obtain-
ing the feature information of the region of interest based on
the time intensity curve of the contrast-enhanced signal and
the intensity of the ultrasound image signal (520).

[0120] In operation 510, the ultrasound imaging apparatus
300 may generate the time intensity curve of the contrast-
enhanced signal. The ultrasound imaging apparatus 300 may
generate the time intensity curve of the contrast-enhanced
signal transmitted from the set region of interest. The
ultrasound imaging apparatus 300 may generate the time
intensity curve of the contrast-enhanced signal transmitted
from each of the plurality of detection target regions of the
first size segmented from the contrast-enhanced image. The
ultrasound imaging apparatus 300 may generate a time
intensity curve of a contrast-enhanced signal transmitted
from each of a plurality of detection target regions of the
second size, which are segmented from the plurality of
detection target regions of the first size.

[0121] In operation 520, the ultrasound imaging apparatus
300 may obtain the feature information of the region of
interest based on the generated time intensity curve of the
contrast-enhanced signal and the intensity of the ultrasound
image signal.

[0122] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the region of interest by using a parameter obtained from the
time intensity curve of the contrast-enhanced signal of FIG.
6. The parameter obtained from the time intensity curve of
the contrast-enhanced signal shown in FIG. 6 may be a
parameter in Table 1 below. For example, the ultrasound
imaging apparatus 300 may obtain the feature information of
the region of interest by using the parameter obtained from
the time intensity curve of the contrast-enhanced signal, but
is not limited thereto.

TABLE 1
PE Peak Enhancement [aru]
WIAUC Wash-in Area Under the Curve (AUC (TT.TTP)) [a- u]
RT Rise Time (TTP-Ti) [s]
mTTL mean Transit Time local (mTT-Ti) [s]
TTP Time To Peak [s]
WiR Wash-in Rate (maximum slope) [aru]
WiPI Wash-in Perfusion index (WAUC/RT) [aru]
WoAUC Wash-out AUC(AUC (TTP:TO)) [aru]
WiWoAUC  Wash-in and Wash-out AUC (WiAUC + [aru]
WoAUC)
FT Fall Time (TO-TTP) [s]
WoR Wash-out Rate (minimum slope) [aru]
QOF Quality Of Fit between the echo-power signal [%]
and t(t)
[0123] According to the embodiment, the ultrasound

imaging apparatus 300 may obtain the feature information of
the region of interest by using a parameter regarding the
intensity of the ultrasound image signal. For example, the
ultrasound imaging apparatus 300 may obtain the feature
information of the region of interest by using parameters
regarding the intensity of the ultrasound image signal shown
in FIGS. 8A to 8C. The ultrasound imaging apparatus 300
may obtain the feature information of the region of interest
by using a parameter regarding brightness characteristic of
the ultrasound image shown in FIG. 8A (e.g., a mean value).
The ultrasound imaging apparatus 300 may obtain the
feature information of the region of interest by using a
parameter regarding brightness variation of the ultrasound
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image in a transverse direction, a longitudinal direction, and
a diagonal direction shown in FIG. 8B (e.g., a ranklet value).
The ultrasound imaging apparatus 300 may obtain the
feature information of the region of interest by using a
parameter regarding a distribution degree and arrangement
of pixels in the ultrasound image shown in FIG. 8C (e.g., a
homogeneous texture value).

[0124] FIGS. 7A and 7B are diagrams showing each
region in a contrast-enhanced image according to operation
430 and a time-intensity curve corresponding to each region.

[0125] According to the embodiment, the ultrasound
imaging apparatus 300 may detect at least one region, in
which a time intensity curve of the contrast-enhanced signal
similar to that of the contrast-enhanced signal obtained from
a part of the contrast-enhanced image is obtained. In detail,
the ultrasound imaging apparatus 300 may analyze similar-
ity between a time intensity curve 770 of the contrast-
enhanced signal obtained from regions of interest 710a,
7105, and 710c¢ of a contrast-enhanced image of the artery,
a contrast-enhanced image of the portal, and a contrast-
enhanced image of the vein, and time intensity curves 780
and 790 of the contrast-enhanced signals obtained from parts
720a, 7205, 720c, 730a, 7305, and 730c of the contrast-
enhanced image of the artery, the contrast-enhanced image
of the portal, and the contrast-enhanced image of the vein.
The ultrasound imaging apparatus 300 may detect at least
one region 740a, 74056, and 740¢ in which the time intensity
curve of the contrast-enhanced signal similar to the time
intensity curve 770 of the contrast-enhanced signal obtained
from the regions of interest 710a, 7106, and 710c is
obtained.

[0126] FIG. 9 is a flowchart illustrating a method of
controlling the ultrasound imaging apparatus 300 according
to the operation 430.

[0127] According to the embodiment of FIG. 9, the opera-
tion of detecting at least one region, in which the feature
information similar to that of the region of interest, by the
ultrasound imaging apparatus 300 may include segmenting
the contrast-enhanced image and the ultrasound image into
a plurality of detection target regions of the first size (910),
obtaining feature information from each of the plurality of
detecting target regions of the first size (920), analyzing
similarity between the feature information obtained from the
region of interest and the feature information obtained from
the plurality of detection target regions of the first size (930),
and detecting at least one region, in which the feature
information similar to that of the region of interest is
obtained (940).

[0128] In operation 910, the ultrasound imaging apparatus
300 may segment the contrast-enhanced image and the
ultrasound image into the plurality of detection target
regions having the first size.

[0129] According to the embodiment, the detection target
region of the first size segmented by the ultrasound imaging
apparatus 300 may have an equal size to that of the region
of interest. Since the detection target region having the first
size is segmented to have the same size as the region of
interest, speed and accuracy of detecting the region, in
which the feature information similar to the region of
interest is obtained, may be improved.

[0130] According to the embodiment, when the region, in
which the feature information similar to that of the region of
interest is detected, the ultrasound imaging apparatus 300
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may segment the detected region into a plurality of detection
target regions of a second size.

[0131] According to the embodiment, the ultrasound
imaging apparatus 300 may segment the contrast-enhanced
image and the ultrasound image into the plurality of detec-
tion target regions having the first size to overlap one
another. The plurality of detection target regions of the first
size segmented by the ultrasound imaging apparatus 300
may overlap with one another by an area equal to or smaller
than the first size.

[0132] The operation 910 according to the embodiment
will be additionally described later with reference to FIGS.
10, 12, and 13.

[0133] In addition, in operation 920, the ultrasound imag-
ing apparatus 300 may obtain feature information from each
of the plurality of detection target regions of the first size.
For example, the ultrasound imaging apparatus 300 may
obtain the feature information of the contrast-enhanced
image and the ultrasound image from each of the plurality of
detection target regions of the first size.

[0134] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the contrast-enhanced image from each of the plurality of
detection target regions of the first size. For example, the
ultrasound imaging apparatus 300 may generate a time
intensity curve representing a variation in the intensity of a
contrast-enhanced signal transmitted from each of the plu-
rality of detection target regions of the first size, based on the
contrast-enhanced signal. The ultrasound imaging apparatus
300 may obtain the feature information of the contrast-
enhanced image by using the generated time intensity curve.
The ultrasound imaging apparatus 300 may obtain feature
information of each of the plurality of detection target
regions of the first size by using the parameter obtained from
the generated time intensity curve.

[0135] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the ultrasound image from each of the plurality of detection
target regions of the first size. For example, the ultrasound
imaging apparatus 300 may obtain the feature information of
each of the plurality of detection target regions of the first
size by using the intensity of the ultrasound image signal
transmitted from each of the plurality of detection target
regions of the first size.

[0136] According to the embodiment, the ultrasound
imaging apparatus 300 may obtain the feature information of
the contrast-enhanced image and the ultrasound image from
each of the plurality of detection target regions of the first
size. For example, the ultrasound imaging apparatus 300
may obtain the feature information by using the time inten-
sity curve representing the variation in the intensity of the
contrast-enhanced signal transmitted from each of the plu-
rality of detection target regions of the first size and the
intensity of the ultrasound image signal.

[0137] In addition, since operation 920 is similar to opera-
tion 510 and operation 520, detailed descriptions thereof are
omitted.

[0138] In addition, in operation 930, the ultrasound imag-
ing apparatus 300 may analyze similarity between the fea-
ture information obtained from the region of interest and the
feature information obtained from the plurality of detection
target regions of the first size.

[0139] Operation 930 according to the embodiment will be
additionally described with reference to FIG. 10.
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[0140] In operation 940, the ultrasound imaging apparatus
300 may detect at least one region, in which feature infor-
mation similar to that of the region of interest is obtained.
[0141] Operation 940 according to the embodiment will be
described additionally with reference to FIG. 10.

[0142] In addition, FIG. 10 is a diagram showing opera-
tions 910, 930, and 940 according to the embodiment
detecting regions having similar feature information.
[0143] According to operation 910 of the embodiment, the
ultrasound imaging apparatus 300 may segment a contrast-
enhanced image 1010 and an ultrasound image 1020 into a
plurality of detection target regions 1050a and 10505 having
a first size.

[0144] According to the embodiment illustrated in opera-
tion 930, the ultrasound imaging apparatus 300 may analyze
similarity between feature information obtained from each
of the detection target regions 1050a of the first size seg-
mented from the contrast-enhanced image 1010 and feature
information obtained from a region of interest 1040q.
[0145] The ultrasound imaging apparatus 300 may ana-
lyze similarity between feature information obtained from
each of the plurality of detection target regions 10505 of the
first size segmented from the ultrasound image 1020 and the
feature information obtained from the region of interest
10404.

[0146] The ultrasound imaging apparatus 300 may gener-
ate a similarity map 1030 representing a result of analyzing
the similarity between the feature information obtained from
the regions of interest 1040a and 104056 and the feature
information obtained from each of the plurality of detection
target regions 10504 and 10505 of the first size.

[0147] The ultrasound imaging apparatus 300 may gener-
ate the similarity map 1030 so that a region 1050¢ corre-
sponding to the detection target regions of the first size
segmented from the contrast-enhanced image 1010 and the
ultrasound image 1020 may be included in the similarity
map 1030.

[0148] In operation 940 according to the embodiment, the
ultrasound imaging apparatus 300 may detect at least one
region, in which feature information similar to that of the
region of interest 1040q is obtained, by using a result of
analyzing the similarity between the feature information
obtained from each of the plurality of detection target
regions 1050a of the first size segmented from the contrast-
enhanced image 1010 and the feature information obtained
from the region of interest 1040a.

[0149] The ultrasound imaging apparatus 300 may detect
at least one region, in which feature information similar to
that of the region of interest 10405 is obtained, by using a
result of analyzing the similarity between the feature infor-
mation obtained from each of the plurality of detection target
regions 10505 of the first size segmented from the ultra-
sound image 1020 and the feature information obtained from
the region of interest 10404.

[0150] The ultrasound imaging apparatus 300 may detect
at least one region 1060, in which feature information
similar to that of the region of interest 1040c is obtained, by
using the similarity map 1030.

[0151] In addition, FIG. 11 is a flowchart illustrating a
method of controlling the ultrasound imaging apparatus 300
according to the operation 430.

[0152] According to the embodiment of FIG. 11, the
operation of detecting at least one region, in which the
feature information similar to that of the region of interest,
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by the ultrasound imaging apparatus 300 may include seg-
menting the contrast-enhanced image and the ultrasound
image into a plurality of detection target regions of the first
size (1110), obtaining feature information from each of the
plurality of detecting target regions of the first size (1120),
analyzing similarity between the feature information
obtained from the region of interest and the feature infor-
mation obtained from the plurality of detection target
regions of the first size (1130), segmenting the at least one
detected region into a plurality of detection target regions of
a second size (1150), obtaining feature information from
each of the plurality of detection target regions of the second
size (1160), analyzing similarity between the feature infor-
mation obtained from the region of interest and feature
information obtained from the plurality of detection target
regions of the second size (1170), and detecting at least one
region, in which the feature information similar to that of the
region of interest is obtained (1180).

[0153] Operation 1110 is similar to operation 910, and
detailed descriptions thereof are omitted.

[0154] Operation 1120 is similar to operation 920, and
detailed descriptions thereof are omitted.

[0155] Operation 1130 is similar to operation 930, and
detailed descriptions thereof are omitted.

[0156] Operation 1140 is similar to operation 940, and
detailed descriptions thereof are omitted.

[0157] In operation 1150, the ultrasound imaging appara-
tus 300 may segment at least one region, in which the feature
information similar to that of the region of interest is
obtained, into the detection target regions of the second size.
[0158] According to the embodiment, the plurality of
detection target regions of the second size segmented by the
ultrasound imaging apparatus 300 may overlap with one
another. The plurality of detection target regions of the
second size segmented by the ultrasound imaging apparatus
300 may overlap with one another by an area equal to or
smaller than the second size.

[0159] Operation 1150 according to the embodiment will
be described additionally with reference to FIG. 12.
[0160] In operation 1160, the ultrasound imaging appara-
tus 300 may obtain feature information from each of the
plurality of detection target regions of the second size. Since
operation 1160 is similar to operation 920 and operation
1120, detailed descriptions thereof are omitted.

[0161] In operation 1170, the ultrasound imaging appara-
tus 300 may analyze similarity between the feature infor-
mation obtained from the region of interest and the feature
information obtained from the plurality of detection target
regions of the second size. Since operation 1170 is similar to
operation 930 and operation 1130, detailed descriptions
thereof are omitted.

[0162] In operation 1180, the ultrasound imaging appara-
tus 300 may detect at least one region, in which feature
information similar to that of the region of interest is
obtained. Since operation 1180 is similar to operation 940
and operation 1140, detailed descriptions thereof are omit-
ted.

[0163] In addition, FIG. 12 is a diagram showing opera-
tions 910 and 1150 according to the embodiment detecting
regions having similar feature information.

[0164] According to operation 910 of the embodiment, the
ultrasound imaging apparatus 300 may segment a contrast-
enhanced image 12104 and an ultrasound image 1220a into
a plurality of detection target regions 1250¢ and 12505

May 17, 2018

having a first size. When a region having the feature infor-
mation similar to that of a region of interest 12404 or 12405
is obtained, the ultrasound imaging apparatus 300 may
segment detected regions of the contrast-enhanced image
12104 and the ultrasound image 12205 into detection target
regions 1260a and 12605 of the second size.

[0165] In operation 1150 according to the embodiment,
when at least one region, in which the feature information
similar to that of the region of interest 1240a or 12405 is
obtained, is detected from the plurality of detection target
regions 1250a and 12506 of the first size, the ultrasound
imaging apparatus 300 may segment the detected region of
the contrast-enhanced image 1210¢ and the ultrasound
image 12205 into the plurality of detection target regions
12604 and 12604 of the second size.

[0166] In addition, FIG. 13 is a diagram showing opera-
tion 910 according to the embodiment detecting regions
having similar feature information.

[0167] In operation 910 according to the embodiment, the
ultrasound imaging apparatus 300 may segment a contrast-
enhanced image 1310 and an ultrasound image 1320 into a
plurality of detection target regions 1360a, 1370a, 13605,
and 13706 of the first size. The ultrasound imaging appa-
ratus 300 may segment the contrast-enhanced image 1310
into the plurality of detection target regions 1360a and
1370a of the first size to overlap with each other. The
ultrasound imaging apparatus 300 may segment the ultra-
sound image 1320 into the plurality of detection target
regions 13605 and 13705 of the first size to overlap with
each other. Detection target regions 1360a and 13605 are
shown with a solid line and detection target regions 1370a
and 13705 are shown with a dashed line.

[0168] FIG. 14 is a flowchart illustrating a method of
controlling the ultrasound imaging apparatus 300 in opera-
tion 440 according to the embodiment.

[0169] According to the embodiment illustrated with ref-
erence to FIG. 14, the displaying of the at least one detected
region, in which the feature information similar to that of the
region of interest is obtained, in the ultrasound imaging
apparatus 300 may include color-coding the at least one
detected region into a color corresponding to the similarity
between the feature information obtained from the at least
one region and the feature information obtained from the
region of interest (1410), and displaying the color-coded at
least one region (1420).

[0170] In operation 1410, the ultrasound imaging appara-
tus 300 may color-code the at least one detected region into
a color corresponding to the similarity between the feature
information obtained from the at least one detected region
and the feature information obtained from the region of
interest.

[0171] According to the embodiment, as the similarity
between the feature information obtained from the at least
one detected region and the feature information obtained
from region of interest increases, the ultrasound imaging
apparatus 300 may color-code the at least one detected
region into a color (e.g., orange) similar to a preset color
(e.g., red). In other words, the similarity between the dis-
played colors may be commensurate with the similarity
between the feature information obtained from the at least
one detected region and the feature information obtained
from the region of interest.

[0172] Operation 1410 according to the embodiment will
be described additionally with reference to FIG. 15.
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[0173] 1In operation 1420, the ultrasound imaging appara-
tus 300 may display the color-coded at least one region.

[0174] According to the embodiment, the ultrasound
imaging apparatus 300 may display a contour line of the at
least one detected region on at least one of the contrast-
enhanced image and the ultrasound image.

[0175] Operation 1420 according to the embodiment will
be described additionally with reference to FIG. 15.

[0176] FIG. 15 is a diagram showing a color-coding of a
region having similar feature information to that of the
region of interest in the ultrasound imaging apparatus 300 in
operations 1410 and 1420 according to the embodiment of
the present disclosure.

[0177] In operation 1410 according to the embodiment,
the ultrasound imaging apparatus 300 may color-code at
least one detected region 15304 and 15304, in which feature
information similar to that of a region of interest 1520 of a
contrast-enhanced image 1510 is obtained, into the same
color as the region of interest (e.g., red). The ultrasound
imaging apparatus 300 may color-code at least one region
1550, in which feature information different from that of the
region of interest 1520 is obtained, into a complementary
color (e.g., blue) of the region of interest 1520.

[0178] In operation 1420 according to the embodiment,
the ultrasound imaging apparatus 300 may display contour
lines 1540a and 15405 of the at least one region 1530a and
153054, in which feature information similar to that of the
region of interest 1520 is obtained, on the contrast-enhanced
image 1510.

[0179] Since the ultrasound imaging apparatus 300 dis-
plays at least one region, in which feature information
similar to that of the set region of interest is obtained, on at
least one of the contrast-enhanced image and the ultrasound
image, the user may easily detect a lesion that may not be
easily identified with the naked eye. Also, the user’s mistake
of not finding a lesion may be prevented. In addition,
although the user is not skilled in using the ultrasound
imaging apparatus 300, the user may easily detect a lesion
in the image.

[0180] The embodiments provided herein may be imple-
mented in the form of a computer-readable recording
medium for storing computer-executable commands and
data. The above commands may be stored in the form of
program codes, and when being executed by a processor, a
predetermined program module may be generated to per-
form a predetermined operation. Also, the above commands,
when being executed by the processor, may perform prede-
termined operations of the embodiments provided herein.
[0181] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0182] 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 various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What is claimed is:

1. A method of controlling an ultrasound imaging appa-
ratus, the method comprising:
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setting a region of interest in a contrast-enhanced image
or in an ultrasound image that is registered and dis-
played;

obtaining feature information of the set region of interest

of the contrast-enhanced image or the ultrasound
image;

detecting at least one region of the contrast-enhanced

image or the ultrasound image, in which feature infor-
mation similar to the feature information of the set
region of interest is obtained, the at least one region
being different from the set region of interest; and
displaying the at least one region that is detected.

2. The method of claim 1, wherein the obtaining the
feature information comprises:

generating a time intensity curve representing a variation

in an intensity of a contrast-enhanced signal according
to time; and

obtaining the feature information of the set region of

interest based on the generated time intensity curve and
an intensity of an ultrasound image signal.

3. The method of claim 1, wherein the detecting of the at
least one region comprises:

segmenting the contrast-enhanced image and the ultra-

sound image into a plurality of first detection target
regions having a first size;

obtaining first target feature information from each of the

plurality of first detection target regions having the first
size;

analyzing a similarity between the feature information

obtained from the set region of interest and the first
target feature information obtained from each of the
plurality of first detection target regions having the first
size; and

detecting at least one region, in which first target feature

information similar to the feature information of the set
region of interest is obtained, by using a result of the
analysis.
4. The method of claim 3, wherein the analyzing of the
similarity between the feature information obtained from the
set region of interest and the first target feature information
obtained from each of the plurality of first detection target
regions having the first size comprises comparing a differ-
ence value to a preset threshold value, the difference value
being a difference between a first parameter included in the
feature information obtained from the set region of interest
and a plurality of second parameters included in the first
target feature information obtained from the plurality of first
detection target regions having the first size and correspond-
ing to the first parameter.
5. The method of claim 3, wherein the detecting of the at
least one region, in which first target feature information
similar to the feature information of the set region of interest
is obtained, by using the result of the analysis comprises:
segmenting the at least one detected region into a plurality
of second detection target regions having a second size;

obtaining second target feature information from each of
the plurality of second detection target regions having
the second size;

analyzing a similarity between the feature information

obtained from the set region of interest and the second
target feature information obtained from each of the
plurality of second detection target regions having the
second size; and
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detecting at least one region from the plurality of second
detection target regions by using a result of the analy-
sis, wherein the at least one region has second target
feature information similar to the feature information
obtained from the set region of interest.

6. The method of claim 3, wherein the first size of the
plurality of first detection target regions is equal to a size of
the region of interest.

7. The method of claim 3, wherein the segmenting of the
contrast-enhanced image and the ultrasound image into the
plurality of first detection target regions having the first size
comprises segmenting the contrast-enhanced image and the
ultrasound image into the plurality of first detection target
regions having the first size so that the plurality of first
detection target regions overlap with one another by an area
smaller than the first size.

8. The method of claim 1, wherein the displaying of the
at least one region comprises:

color-coding the at least one region in at least one of the

contrast-enhanced image and the ultrasound image; and
displaying the at least one region that is color-coded.

9. The method of claim 8, wherein the detecting of the at
least one region comprises:

segmenting the contrast-enhanced image and the ultra-

sound image into a plurality of detection target regions
having a first size;

obtaining target feature information from each of the

plurality of detection target regions having the first
size;
analyzing a similarity between the feature information
obtained from the set region of interest and the target
feature information obtained from each of the plurality
of detection target regions having the first size; and

detecting the at least one region, in which feature infor-
mation similar to the feature information of the set
region of interest is obtained, by using the result of the
analysis,

wherein the color-coding of the at least one region com-

prises:

color-coding the at least one region into a preset color

corresponding to a similarity between the feature infor-
mation obtained from the at least one detected region
and the feature information obtained from the set
region of interest.

10. The method of claim 1, wherein the displaying of the
at least one region comprises:

displaying a contour line of the at least one region in at

least one of the contrast-enhanced image and the ultra-
sound image.
11. An ultrasound imaging apparatus comprising:
at least one processor configured to generate a contrast-
enhanced image and an ultrasound image of an object
by using a signal received through a probe, and to
register the contrast-enhanced image and the ultra-
sound image;
a display configured to display the contrast-enhanced
image and the ultrasound image that are registered; and

an input interface configured to receive a signal for setting
aregion of interest in the contrast-enhanced image or in
the ultrasound image,

wherein the at least one processor is configured to set the

region of interest in the contrast-enhanced image and
the ultrasound image by using the signal, to obtain
feature information of the set region of interest of the
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contrast-enhanced image and the ultrasound image, and
to detect at least one region of the contrast-enhanced
image or the ultrasound image, in which feature infor-
mation similar to the feature information obtained from
the set region of interest is obtained, the at least one
region being different from the set region of interest,

wherein the display is configured to display at least one
region.

12. The ultrasound imaging apparatus of claim 11,
wherein the at least one processor is further configured to
generate a time intensity curve representing a variation in an
intensity of a contrast-enhanced signal according to time,
and to obtain the feature information of the set region of
interest based on the generated time intensity curve and an
intensity of an ultrasound image signal.

13. The ultrasound imaging apparatus of claim 11,
wherein the at least one processor is further configured to:

segment the contrast-enhanced image and the ultrasound

image into a plurality of first detection target regions
having a first size,

obtain first target feature information from each of the

plurality of first detection target regions having the first
size,

analyze a similarity between the feature information

obtained from the set region of interest and the first
target feature information obtained from each of the
plurality of first detection target regions having the first
size, and

detect at least one region, in which first target feature

information similar 1o the feature information of the set
region of interest is obtained, by using a result of the
analysis.

14. The ultrasound imaging apparatus of claim 13,
wherein the at least one processor is further configured to
analyze a similarity between the feature information
obtained from the set region of interest and the first target
feature information obtained from each of the plurality of
first detection target regions having the first size, by com-
paring a difference value to a preset threshold value, the
difference value being a difference between a first parameter
included in the feature information obtained from the set
region of interest and a plurality of second parameters
included in the first target feature information obtained from
the plurality of first detection target regions having the first
size and corresponding to the first parameter.

15. The ultrasound imaging apparatus of claim 13,
wherein the at least one processor is further configured to:

segment the plurality of first detection target regions

having the first size into a plurality of second detection
target regions having a second size,

obtain second target feature information from each of the

plurality of second detection target regions having the
second size,

analyze a similarity between the feature information

obtained from the set region of interest and the second
target feature information obtained from each of the
plurality of second detection target regions having the
second size, and

detect at least one region from the plurality of second

detection target regions by using a result of the analy-
sis, wherein the at least one region has second target
feature information similar to the feature information
obtained from the set region of interest.
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16. The ultrasound imaging apparatus of claim 13,
wherein the first size of the plurality of first detection target
regions is equal to a size of the region of interest.

17. The ultrasound imaging apparatus of claim 13,
wherein the at least one processor is further configured to
segment the contrast-enhanced image and the ultrasound
image so that the plurality of first detection target regions
having the first size overlap with one another by an area
smaller than the first size.

18. The ultrasound imaging apparatus of claim 11,
wherein the at least one processor is further configured to
color-code the at least one region in at least one of the
contrast-enhanced image and the ultrasound image, and the
display is further configured to display the at least one region
that is color-coded.

19. The ultrasound imaging apparatus of claim 18,
wherein the at least one processor is further configured to:

segment the contrast-enhanced image and the ultrasound

image into a plurality of detection target regions having
a first size,
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obtain target feature information from each of the plural-
ity of detection target regions having the first size,

analyze a similarity between the feature information
obtained from the set region of interest and the target
feature information obtained from each of the plurality
of detection target regions having the first size,

detect the at least one region, in which feature information

similar to the feature information of the set region of
interest is obtained, by using the result of the analysis,
and

color-code the at least one detected region into a preset

color corresponding to a similarity between the feature
information obtained from the at least one detected
region and the feature information obtained from the
set region of interest.

20. The ultrasound imaging apparatus of claim 11,
wherein the display is further configured to display a contour
line of the at least one region in at least one of the
contrast-enhanced image and the ultrasound image.

L S T T
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