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(54) ULTRASOUND IMAGING APPARATUS AND METHOD OF OPERATING THE SAME

(57) An ultrasound imaging apparatus comprises an
image processor configured to acquire, based on 3D ul-
trasound data for generating a 3D ultrasound image
(1040) of an object, at least one 2D ultrasound image
comprising at least one reference ultrasound image cor-
responding to at least one reference cross-section; a con-
troller configured to set a user-designated reference

cross-section obtained by moving (e.g. rotating or tilting)
a first reference cross-section selected from the at least
one reference cross-section and control generation of at
least one first ultrasound image (1010, 1020, 1030) cor-
responding to the set user-designated reference
cross-section; and a display configured to display the
generated at least one first ultrasound image.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2014-0150638, filed on Octo-
ber 31, 2014, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its en-
tirety by reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to ultrasound im-
aging apparatuses and methods of operating the same,
and more particularly, to ultrasound imaging apparatuses
and operation methods for displaying an image generat-
ed using ultrasound data related to an object.

2. Description of the Related Art

[0003] Ultrasound diagnosis apparatuses transmit ul-
trasound signals generated by transducers of a probe to
an object and receive echo signals reflected from the
object, thereby obtaining at least one image of an internal
part of the object (e.g., soft tissues or blood flow). In par-
ticular, ultrasound diagnosis apparatuses are used for
medical purposes including observation of the interior of
an object, detection of foreign substances, and diagnosis
of damage to the object. Such ultrasound diagnosis ap-
paratuses provide high stability, display images in real
time, and are safe due to the lack of radioactive exposure,
compared to X-ray apparatuses. Therefore, ultrasound
diagnosis apparatuses are widely used together with oth-
er image diagnosis apparatuses including a computed
tomography (CT) apparatus, a magnetic resonance im-
aging (MRI) apparatus, and the like.

SUMMARY

[0004] Provided are ultrasound imaging apparatuses
and methods of operating the same, which are capable
of providing, by using ultrasound data, an ultrasound im-
age of a cross-section that a user desires to observe.
[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 presented exemplary embodiments.
[0006] According to an aspect of an exemplary embod-
iment, an ultrasound imaging apparatus comprises: an
image processor configured to acquire, based on three-
dimensional (3D) ultrasound data for generating a 3D
ultrasound image of an object, at least one two-dimen-
sional (2D) ultrasound image comprising at least one ref-
erence ultrasound image corresponding to at least one
reference cross-section; a controller configured to set a
user-designated reference cross-section obtained by

moving a first reference cross-section included in the at
least one reference cross-section and control generation
of at least one first ultrasound image corresponding to
the set user-designated reference cross-section; and a
display configured to display the generated at least one
first ultrasound image.
[0007] According to an aspect of an exemplary embod-
iment, an ultrasound imaging apparatus comprises: a us-
er interface configured to receive a first user input for
moving the first reference cross-section, wherein the con-
troller acquires, based on the received first user input,
the user-designated reference cross-section by moving
the first reference cross-section.
[0008] According to an aspect of an exemplary embod-
iment, wherein the first user input comprises at least one
of an input for selecting a first reference ultrasound image
corresponding to the first reference cross-section from
among the at least one 2D ultrasound image and an input
of setting information for moving the first reference cross-
section.
[0009] According to an aspect of an exemplary embod-
iment, wherein the setting information comprises at least
one of rotation information, tilting information, and vertical
movement information that are set with respect to the
first reference cross-section.
[0010] According to an aspect of an exemplary embod-
iment, wherein the object is a heart.
[0011] According to an aspect of an exemplary embod-
iment, wherein the at least one 2D ultrasound image is
a cross-sectional image obtained along at least one of
long and short axes of the heart.
[0012] According to an aspect of an exemplary embod-
iment, wherein the display displays a screen comprising
at least one of the 3D ultrasound image and the at least
one 2D ultrasound image.
[0013] According to an aspect of an exemplary embod-
iment, wherein the display displays each of the first ref-
erence cross-section and the user-designated reference
cross-section in such a manner as to overlap the 3D ul-
trasound image.
[0014] According to an aspect of an exemplary embod-
iment, wherein the display displays a screen comprising
at least one of the 3D ultrasound image, the at least one
2D ultrasound image, and the at least one first ultrasound
image.
[0015] According to an aspect of an exemplary embod-
iment, wherein the display displays a screen comprising
at least one of the at least one 2D ultrasound image and
at least one of the at least one first ultrasound image,
and wherein the at least one 2D ultrasound image and
the at least one first ultrasound image are displayed in
such a manner as to be distinguished from each other.
[0016] According to an aspect of an exemplary embod-
iment, wherein the display displays the 3D ultrasound
image including the first reference cross-section and the
at least one 2D ultrasound image in such a manner that
they are associated with each other, and displays the 3D
ultrasound image including the user-designated refer-
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ence cross-section and the at least one first ultrasound
image in such a manner that they are associated with
each other.
[0017] According to an aspect of an exemplary embod-
iment, wherein the image processor receives 3D ultra-
sound data related to the object, which is different from
the 3D ultrasound data, wherein the controller controls
generation of at least one second ultrasound image cor-
responding to the user-designated reference cross-sec-
tion based on the received 3D ultrasound data, and
wherein the display displays the at least one second ul-
trasound image.
[0018] According to an aspect of an exemplary embod-
iment, wherein the image processor generates a window
to be located on the 3D ultrasound image, moves the
window to a position corresponding to the user-designat-
ed reference cross-section in the 3D ultrasound image
by using setting information of the user-designated ref-
erence cross-section, and acquires at least one first ul-
trasound image at a position corresponding to the user-
designated reference cross-section.
[0019] According to an aspect of another exemplary
embodiment, a method of operating an ultrasound imag-
ing apparatus comprises: acquiring, based on three-di-
mensional (3D) ultrasound data for generating a 3D ul-
trasound image of an object, at least one two-dimension-
al (2D) ultrasound image comprising at least one refer-
ence ultrasound image corresponding to at least one ref-
erence cross-section; setting a user-designated refer-
ence cross-section obtained by moving a first reference
cross-section included in the at least one reference
cross-section; controlling generation of at least one first
ultrasound image corresponding to the set user-desig-
nated reference cross-section; and displaying the gen-
erated at least one first ultrasound image.
[0020] According to an aspect of another exemplary
embodiment, a non-transitory computer-readable re-
cording medium has recorded thereon a program for ex-
ecuting a method of operating an ultrasound imaging ap-
paratus, the method comprising: acquiring, based on
three-dimensional (3D) ultrasound data for generating a
3D ultrasound image of an object, at least one two-di-
mensional (2D) ultrasound image comprising at least one
reference ultrasound image corresponding to at least one
reference cross-section; setting a user-designated refer-
ence cross-section obtained by moving a first reference
cross-section included in the at least one reference
cross-section; controlling generation of at least one first
ultrasound image corresponding to the set user-desig-
nated reference cross-section; and displaying the gen-
erated at least one first ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Exemplary embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings in which reference numerals denote struc-
tural elements:

FIG. 1 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an ex-
emplary embodiment;
FIG. 2 is a block diagram of a configuration of a wire-
less probe according to an exemplary embodiment;
FIG. 3 is a block diagram of an ultrasound imaging
apparatus according to an exemplary embodiment;
FIG. 4 is block diagram of an ultrasound imaging
apparatus according to another exemplary embodi-
ment;
FIG. 5 is a diagram for explaining a user interface
screen for selecting a reference ultrasound image
via an ultrasound imaging apparatus, according to
an exemplary embodiment;
FIGS. 6 and 7 are diagrams for explaining user in-
terface screens for setting a user-designated refer-
ence cross-section, according to an exemplary em-
bodiment;
FIGS. 8 through 11 are diagrams for explaining
screens on which a first ultrasound image corre-
sponding to a user-designated reference cross-sec-
tion is displayed, according to an exemplary embod-
iment; and
FIG. 12 is a flowchart of a method of operating an
ultrasound imaging apparatus, according to an ex-
emplary embodiment.

DETAILED DESCRIPTION

[0022] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration of functions regarding the inventive concept, but
the terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in
the art. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the present specification. Thus, the terms
used herein have to be defined based on the meaning
of the terms together with the description throughout the
specification.
[0023] Hereinafter, the terms used in the specification
will be briefly described, and then the present invention
will be described in detail.
[0024] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration of functions regarding the present invention, but
the terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in
the art. Also, specified terms may be selected by the ap-
plicant, and in this case, the detailed meaning thereof
will be described in the detailed description of the inven-
tion. Thus, the terms used in the specification should be
understood not as simple names but based on the mean-
ing of the terms and the overall description of the inven-
tion.
[0025] When a part "includes" or "comprises" an ele-
ment, unless there is a particular description contrary
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thereto, the part can further include other elements, not
excluding the other elements. Also, the term "unit" in the
embodiments of the present invention means a software
component or hardware components such as a field-pro-
grammable gate array (FPGA) or an application-specific
integrated circuit (ASIC), and performs a specific func-
tion. However, the term "unit" is not limited to software
or hardware. The "unit" may be formed so as to be in an
addressable storage medium, or may be formed so as
to operate one or more processors. Thus, for example,
the term "unit" may refer to components such as software
components, object-oriented software components,
class components, and task components, and may in-
clude processes, functions, attributes, procedures, sub-
routines, segments of program code, drivers, firmware,
micro codes, circuits, data, a database, data structures,
tables, arrays, or variables. A function provided by the
components and "units" may be associated with the
smaller number of components and "units", or may be
divided into additional components and "units".
[0026] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another element. Thus, a first element
discussed below could be termed a second element, and
similarly, a second element could be termed a first ele-
ment, without departing from the scope of example em-
bodiments. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.
[0027] Throughout the specification, an "image" may
refer to multi-dimensional data composed of discrete im-
age elements (e.g., pixels in a two-dimensional (2D) im-
age and voxels in a three-dimensional (3D) image).
[0028] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is obtained
using ultrasound waves. Ultrasound imaging apparatus-
es transmit ultrasound signals generated by transducers
of a probe to an object and receive echo signals reflected
from the object, thereby obtaining at least one image of
an internal part of the object. Furthermore, an ultrasound
image may take different forms. For example, the ultra-
sound image may be at least one of an amplitude (A)
mode image, a brightness (B) mode image, a color (C)
mode image, and a Doppler (D) mode image. In addition,
the ultrasound image may be a 2D or 3D image.
[0029] Furthermore, an "object" may be a human, an
animal, or a part of a human or animal. For example, the
object may be an organ (e.g., the liver, the heart, the
womb, the brain, a breast, or the abdomen), a blood ves-
sel, or a combination thereof. Also, the object may be a
phantom. The phantom means a material having a den-
sity, an effective atomic number, and a volume that are
approximately the same as those of an organism. For

example, the phantom may be a spherical phantom hav-
ing properties similar to a human body.
[0030] Furthermore, throughout the specification, a
"user" may be, but is not limited to, a medical expert,
such as a medical doctor, a nurse, a medical laboratory
technologist, a medical image expert, or a technician who
repairs a medical apparatus.
[0031] Embodiments of the invention now will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which illustrative embodiments
of the invention are shown.
[0032] FIG. 1 is a block diagram showing a configura-
tion of an ultrasound diagnosis apparatus 100 according
to an embodiment.
[0033] Referring to FIG. 1, the ultrasound diagnosis
apparatus 100 according to the present exemplary em-
bodiment may include a probe 20, an ultrasound trans-
ceiver 115, an image processor 150, a display 160, a
communication module 170, a memory 180, an input de-
vice 190 and a controller 195, which may be connected
to one another via buses 185. The image processor 150
may include an image generator 155, a section informa-
tion detector 130, and the display 160.
[0034] It will be understood by those of ordinary skill in
the art that the ultrasound diagnosis apparatus 100 may
further include common components other than those
illustrated in FIG. 1.
[0035] In some embodiments, the ultrasound diagno-
sis apparatus 100 may be a cart type apparatus or a
portable type apparatus. Examples of portable ultra-
sound diagnosis apparatuses may include, but are not
limited to, a picture archiving and communication system
(PACS) viewer, a smartphone, a laptop computer, a per-
sonal digital assistant (PDA), and a tablet PC.
[0036] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 115 and receives echo signals re-
flected by the object 10. The probe 20 includes a plurality
of transducers, and the plurality of transducers oscillate
in response to electric signals and generate acoustic en-
ergy, that is, ultrasound waves. Furthermore, the probe
20 may be connected to the main body of the ultrasound
diagnosis apparatus 100 by wire or wirelessly, and ac-
cording to embodiments, the ultrasound diagnosis appa-
ratus 100 may include a plurality of probes 20.
[0037] A transmitter 110 supplies a driving signal to
the probe 20. The transmitter 110 includes a pulse gen-
erator 112, a transmission delaying unit 114, and a pulser
116. The pulse generator 112 generates pulses for form-
ing transmission ultrasound waves based on a predeter-
mined pulse repetition frequency (PRF), and the trans-
mission delaying unit 114 delays the pulses by delay
times necessary for determining transmission direction-
ality. The pulses which have been delayed correspond
to a plurality of piezoelectric vibrators included in the
probe 20, respectively. The pulser 116 applies a driving
signal (or a driving pulse) to the probe 20 based on timing
corresponding to each of the pulses which have been
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delayed.
[0038] A receiver 120 generates ultrasound data by
processing echo signals received from the probe 20. The
receiver 120 may include an amplifier 122, an analog-to-
digital converter (ADC) 124, a reception delaying unit
126, and a summing unit 128. The amplifier 122 amplifies
echo signals in each channel, and the ADC 124 performs
analog-to-digital conversion with respect to the amplified
echo signals. The reception delaying unit 126 delays dig-
ital echo signals output by the ADC 1124 by delay times
necessary for determining reception directionality, and
the summing unit 128 generates ultrasound data by sum-
ming the echo signals processed by the reception delay-
ing unit 1126.
[0039] The image processor 150 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 115.
[0040] The ultrasound image may be not only a gray-
scale ultrasound image obtained by scanning an object
in an amplitude (A) mode, a brightness (B) mode, and a
motion (M) mode, but also a Doppler image showing a
movement of an object via a Doppler effect. The Doppler
image may be a blood flow Doppler image showing flow
of blood (also referred to as a color Doppler image), a
tissue Doppler image showing a movement of tissue, or
a spectral Doppler image showing a moving speed of an
object as a waveform.
[0041] A B mode processor 141 extracts B mode com-
ponents from ultrasound data and processes the B mode
components. An image generator 155 may generate an
ultrasound image indicating signal intensities as bright-
ness based on the extracted B mode components 141.
[0042] Similarly, a Doppler processor 142 may extract
Doppler components from ultrasound data, and the im-
age generator 155 may generate a Doppler image indi-
cating a movement of an object as colors or waveforms
based on the extracted Doppler components.
[0043] According to an embodiment, the image gener-
ator 155 may generate a three-dimensional (3D) ultra-
sound image via volume-rendering with respect to vol-
ume data and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure.
Furthermore, the image generator 155 may display var-
ious pieces of additional information in an ultrasound im-
age by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 180.
[0044] A display 160 displays the generated ultra-
sound image. The display 160 may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 100 on
a screen image via a graphical user interface (GUI). In
addition, the ultrasound diagnosis apparatus 100 may
include two or more displays 160 according to embodi-
ments.
[0045] The display 160 may include at least one of a
liquid crystal display (LCD), a thin film transistor-LCD
(TFT-LCD), an organic light-emitting diode (OLED) dis-
play, a flexible display, a 3D display, and an electro-

phoretic display.
[0046] Furthermore, when the display 160 and the in-
put device 190 form a layer structure to form a touch
screen, the display 160 may be used as an input device
as well as an output device, via which a user inputs in-
formation via a touch.
[0047] The touch screen may be configured to detect
a position of a touch input, a touched area, and pressure
of a touch. The touch screen may also be configured to
detect both a real touch and a proximity touch.
[0048] In the present specification, a ’real touch’ means
that a pointer actually touches a screen, and a ’proximity
touch’ means that a pointer does not actually touch a
screen but approaches the screen while being separated
from the screen by a predetermined distance. A ’pointer’
used herein means a tool for touching a particular portion
on or near a displayed screen. Examples of the pointer
may include a stylus pen and a body part such as a finger.
[0049] Although not shown, the ultrasound diagnosis
apparatus 100 may include various sensors that are dis-
posed within or near the touch screen so as to sense a
real touch or proximity touch on the touch screen. A tactile
sensor is an example of the sensors for sensing a touch
on the touch screen.
[0050] The tactile sensor is used to sense a touch of
a particular object to the same or greater degree than
the degree to which a human can sense the touch. The
tactile sensor may detect various pieces of information
including the roughness of a contact surface, the hard-
ness of an object to be touched, the temperature of a
point to be touched, etc.
[0051] A proximity sensor is another example of the
sensors for sensing a touch. The proximity sensor refers
to a sensor that senses the presence of an object that is
approaching or is located near a predetermined detection
surface by using the force of an electromagnetic field or
infrared light without any mechanical contact.
[0052] Examples of the proximity sensor include a
transmissive photoelectric sensor, a direct reflective pho-
toelectric sensor, a mirror reflective photoelectric sensor,
a high-frequency oscillation proximity sensor, a capaci-
tive proximity sensor, a magnetic proximity sensor, an
infrared proximity sensor, and the like.
[0053] The communication module 170 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 170 may exchange data with a hospital server or an-
other medical apparatus in a hospital, which is connected
thereto via a PACS. Furthermore, the communication
module 170 may perform data communication according
to the digital imaging and communications in medicine
(DICOM) standard.
[0054] The communication module 170 may transmit
or receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of
the object, via the network 30 and may also transmit or
receive medical images captured by another medical ap-
paratus, e.g., a computed tomography (CT) apparatus,
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a magnetic resonance imaging (MRI) apparatus, or an
X-ray apparatus. Furthermore, the communication mod-
ule 170 may receive information about a diagnosis history
or medical treatment schedule of a patient from a server
and utilizes the received information to diagnose the pa-
tient. Furthermore, the communication module 170 may
perform data communication not only with a server or a
medical apparatus in a hospital, but also with a portable
terminal of a medical doctor or patient.
[0055] The communication module 170 is connected
to the network 30 by wire or wirelessly to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communication module 170 may include
one or more components for communication with exter-
nal devices. For example, the communication module
1300 may include a local area communication module
171, a wired communication module 172, and a mobile
communication module 173.
[0056] The local area communication module 171 re-
fers to a module for local area communication within a
predetermined distance. Examples of local area commu-
nication techniques according to an embodiment may
include, but are not limited to, wireless LAN, Wi-Fi, Blue-
tooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0057] The wired communication module 172 refers to
a module for communication using electric signals or op-
tical signals. Examples of wired communication tech-
niques according to an embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.
[0058] The mobile communication module 173 trans-
mits or receives wireless signals to or from at least one
selected from a base station, an external terminal, and
a server on a mobile communication network. The wire-
less signals may be voice call signals, video call signals,
or various types of data for transmission and reception
of text/multimedia messages.
[0059] The memory 180 stores various data processed
by the ultrasound diagnosis apparatus 100. For example,
the memory 180 may store medical data related to diag-
nosis of an object, such as ultrasound data and an ultra-
sound image that are input or output, and may also store
algorithms or programs which are to be executed in the
ultrasound diagnosis apparatus 100.
[0060] The memory 180 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
etc. Furthermore, the ultrasound diagnosis apparatus
100 may utilize web storage or a cloud server that per-
forms the storage function of the memory 180 online.
[0061] The input device 190 generates input data that
the user inputs for controlling an operation of the ultra-
sound diagnosis apparatus 100. The user input 190 may
include hardware components, such as a keypad, a
mouse, a touch pad, a track ball, and a jog switch. How-
ever, embodiments are not limited thereto, and the input
device 1600 may further include any of various other input

units including an electrocardiogram (ECG) measuring
module, a respiration measuring module, a voice recog-
nition sensor, a gesture recognition sensor, a fingerprint
recognition sensor, an iris recognition sensor, a depth
sensor, a distance sensor, etc.
[0062] In particular, the input device 190 may also in-
clude a touch screen in which a touch pad forms a layer
structure with the display 160.
[0063] In this case, according to an exemplary embod-
iment, the ultrasound diagnosis apparatus 100 may dis-
play an ultrasound image in a predetermined mode and
a control panel for the ultrasound image on a touch
screen. The ultrasound diagnosis apparatus 100 may al-
so sense a user’s touch gesture performed on an ultra-
sound image via a touch screen.
[0064] According to an exemplary embodiment, the ul-
trasound diagnosis apparatus 100 may include some but-
tons that are frequently used by a user among buttons
that are included in a control panel of a general ultrasound
apparatus, and provide the remaining buttons in the form
of a graphical user interface (GUI) via a touch screen.
[0065] The controller 195 may control all operations of
the ultrasound diagnosis apparatus 100. In other words,
the controller 195 may control operations among the
probe 20, the ultrasound transceiver 100, the image proc-
essor 150, the communication module 170, the memory
180, and the user input 190 shown in FIG. 1.
[0066] All or some of the probe 20, the ultrasound
transceiver 115, the image processor 150, the commu-
nication module 170, the memory 180, the user input
190, and the controller 195 may be implemented as soft-
ware modules. However, embodiments of the present
invention are not limited thereto, and some of the com-
ponents stated above may be implemented as hardware
modules. Also, at least one of the ultrasound transmis-
sion/reception unit 115, the image processor 150, and
the communication module 170 may be included in the
control unit 195; however, the inventive concept is not
limited thereto.
[0067] FIG. 2 is a block diagram showing a configura-
tion of a wireless probe 2000 according to an embodi-
ment. As described above with reference to FIG. 1, the
wireless probe 2000 may include a plurality of transduc-
ers, and, according to embodiments, may include some
or all of the components of the ultrasound transceiver
100 shown in FIG. 1.
[0068] The wireless probe 2000 according to the em-
bodiment shown in FIG. 2 includes a transmitter 2100, a
transducer 2200, and a receiver 2300. Since descriptions
thereof are given above with reference to FIG. 1, detailed
descriptions thereof will be omitted here. In addition, ac-
cording to embodiments, the wireless probe 2000 may
selectively include a reception delaying unit 2330 and a
summing unit 2340.
[0069] The wireless probe 2000 may transmit ultra-
sound signals to the object 10, receive echo signals from
the object 10, generate ultrasound data, and wirelessly
transmit the ultrasound data to the ultrasound diagnosis
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apparatus 1000 shown in FIG. 1.
[0070] The wireless probe 2000 may be a smart device
including a transducer array that is capable of performing
an ultrasound scan. In detail, the wireless probe 2000 is
a smart device that acquires ultrasound data by scanning
an object via the transducer array. Then, the wireless
probe 2000 may generate an ultrasound image by using
the acquired ultrasound data and/or display the ultra-
sound image. The wireless probe 2000 may include a
display (not shown) via which a screen including at least
one ultrasound image and/or a user interface screen for
controlling an operation of scanning an object may be
displayed.
[0071] While the user is scanning a predetermined
body part of a patient that is an object by using the wire-
less probe 2000, the wireless probe 2000 and the ultra-
sound diagnosis apparatus 100 may continue to transmit
or receive certain data therebetween via a wireless net-
work. In detail, while the user is scanning a predeter-
mined body part of a patient that is an object by using
the wireless probe 2000, the wireless probe 2000 may
transmit ultrasound data to the ultrasound diagnosis ap-
paratus 100 in real-time via the wireless network. The
ultrasound data may be updated in real-time as an ultra-
sound scan continues and then be transmitted from the
wireless probe 2000 to the ultrasound diagnosis appa-
ratus 100.
[0072] FIG. 3 is a block diagram of a configuration of
an ultrasound imaging apparatus 300 according to an
exemplary embodiment.
[0073] Referring to FIG. 3, the ultrasound imaging ap-
paratus 300 according to the present exemplary embod-
iment may include an image processor 310, a controller
320, and a display 330. However, all the components
shown in FIG. 3 are not essential components. The ul-
trasound imaging apparatus 300 may include more or
fewer components than those shown in FIG. 3.
[0074] Since the image processor 310, the controller
320, and the display 330 of the ultrasound imaging ap-
paratus 300 of FIG. 3 respectively correspond to the im-
age processor 150, the controller 195, and the display
160 of the ultrasound diagnosis apparatus 100 of FIG.
1, descriptions already provided with respect to FIG. 1
will be omitted below.
[0075] The image processor 310 may acquire, based
on 3D ultrasound data for generating a 3D ultrasound
image of an object 10, at least one 2D ultrasound image
including at least one reference ultrasound image corre-
sponding to at least one reference cross-section.
[0076] The controller 320 may set a user-designated
reference cross-section obtained by moving a first refer-
ence cross-section included in the at least one reference
cross-section and control generation of at least one first
ultrasound image corresponding to the user-designated
reference cross-section.
[0077] The display 330 may display at least one first
ultrasound image.
[0078] The image processor 310 may acquire at least

one 2D ultrasound image based on 3D ultrasound data
for generating a 3D ultrasound image of the object 10. A
2D ultrasound image may be an image corresponding to
a cross-section that is perpendicular to a first axis in a
3D ultrasound image, a cross-section including the first
axis, and a cross-section that is parallel to the first axis.
[0079] The object 10 may be the heart. The image proc-
essor 310 may acquire, based on 3D ultrasound data
related to the heart, at least one 2D ultrasound image
corresponding to at least one cross-section of the heart
and being used to analyze the heart. In this case, the at
least one 2D ultrasound image may be a cross-sectional
image obtained along at least one of long and short axes.
A cross-sectional image obtained along a long axis of
the heart may be a cross-sectional image provided for a
2-chamber view, a 3-chamber view, a 4-chamber view,
etc. in with respect to the long axis. Furthermore, a cross-
sectional image obtained along a short axis of the heart
may be a cross-sectional image provided for apical, mid,
and basal views, etc., in with respect to the short axis.
[0080] The image processor 310 may generate at least
one 2D ultrasound image based on 3D ultrasound data
related to the object 10 and receive at least one previ-
ously generated 2D ultrasound image. In this case, the
ultrasound imaging apparatus 300 may receive at least
one 2D ultrasound image from an external device that is
physically independent of the ultrasound imaging appa-
ratus 300. The external device may be an ultrasound
diagnosis apparatus for acquiring a 2D ultrasound image
by using 3D ultrasound data related to the object 10 or
a storage device for storing a 2D ultrasound image.
[0081] At least one of the acquired at least one 2D ul-
trasound image may be determined as a reference ultra-
sound image. The reference ultrasound image corre-
sponds to a reference cross-section in a 3D ultrasound
image. Each of a plurality of reference ultrasound images
has a corresponding reference cross-section in a 3D ul-
trasound image.
[0082] The controller 320 may control the image proc-
essor 310 to generate at least one first ultrasound image
that is distinguished from a 2D ultrasound image. The
controller 320 may set a user-designated reference
cross-section. The user-designated reference cross-
section is set for a user to analyze an image from a dif-
ferent viewpoint than that of a 2D ultrasound image. The
user-designated reference cross-section is obtained by
moving a first reference cross-section corresponding to
a 2D ultrasound image. For example, the user-designat-
ed reference cross-section may be obtained by rotating
the first reference cross-section by 30 degrees clockwise.
Furthermore, the user-designated reference cross-sec-
tion may be obtained by moving the first reference cross-
section by a certain distance in a horizontal direction, but
is not limited thereto. The controller 320 may control the
image processor 310 to generate at least one first ultra-
sound image corresponding to the user-designated ref-
erence cross-section.
[0083] The controller 320 controls the display 330 to
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display a predetermined screen. The display 330 may
display the predetermined screen so that a user or patient
may visually recognize a predetermined image or infor-
mation. The display 330 may correspond to the display
160 shown in FIG. 1 or be separate from the ultrasound
diagnosis apparatus 100 of FIG. 1.
[0084] The display 330 may display a predetermined
screen. In detail, the display 330 may display the prede-
termined screen according to control by the controller
320. The display 330 includes a display panel (not shown)
and displays a user interface screen, a medical image
screen, etc. on the display panel.
[0085] The display 330 may display the generated at
least one first ultrasound image. Furthermore, the display
330 may display a screen including at least one of the at
least one 2D ultrasound image and a 3D ultrasound im-
age. Furthermore, the display 330 may display a screen
including the at least one of at least one 2D ultrasound
image and the 3D ultrasound image, as well as the at
least one first ultrasound image.
[0086] The display 330 may display each of a user-
designated reference cross-section and a first reference
cross-section corresponding to a reference ultrasound
image in such a manner as to overlap a 3D ultrasound
image. In other words, the display 330 may display a
screen where the first reference cross-section and the
user-designated reference cross-section are respective-
ly located on corresponding cross-sections in the 3D ul-
trasound image. The display 330 may generate marks
for the first reference cross-section and the user-desig-
nated reference cross-section that are respectively lo-
cated at corresponding positions in the 3D ultrasound
image and display the marks respectively corresponding
to the first reference cross-section and the user-desig-
nated reference cross-section. Thus, the user may iden-
tify a cross-section in a 3D image corresponding to a view
for observing a 2D image.
[0087] The display 330 may display a screen including
at least one of a 3D ultrasound image, at least one 2D
ultrasound image, and at least one first ultrasound image.
[0088] The display 330 may display a screen including
at least one of at least one 2D ultrasound image and at
least one of at least one first ultrasound image. In this
case, the at least one 2D ultrasound image and the at
least one first ultrasound image may be displayed to in
such a manner as to be distinguished from each other.
For example, edges of 2D and 3D ultrasound images
may be respectively processed and displayed as a solid
line and a dashed line.
[0089] The display 330 may display a 3D ultrasound
image including a first reference cross-section and at
least one 2D ultrasound image in such a manner that
they are associated with each other. Furthermore, the
display 330 may display a 3D ultrasound image including
a user-designated reference cross-section and at least
one first ultrasound image in such a manner that they are
associated with each other. For example, the display 330
may display on a single screen a 2D ultrasound image

and a 3D ultrasound image on which a first reference
cross-section corresponding to the 2D ultrasound image
is marked. Furthermore, the display 330 may display on
a single screen a first ultrasound image and a 3D ultra-
sound image on which a user-designated reference
cross-section corresponding to the first ultrasound image
is marked.
[0090] The image processor 310 may receive 3D ul-
trasound data that is different from previously generated
3D ultrasound data. In this case, the different 3D ultra-
sound data may be acquired by the ultrasound imaging
apparatus 300 or be received from an external device.
The external device is a device for acquiring, storing,
processing, or using data related to an ultrasound image,
and may be a medical imaging apparatus, a medical serv-
er, a portable terminal, or any other computing device for
using and processing a medical image. For example, the
external device may be a medical diagnosis apparatus
included in a medical institution such as a hospital. Fur-
thermore, the external device may be a server in a hos-
pital for recording and storing a patient’s clinical history,
a medical imaging apparatus used by a medical doctor
in a hospital to read a medical image, or the like.
[0091] The controller 320 may control the image proc-
essor 310 to generate at least one second ultrasound
image corresponding to a user-designated reference
cross-section by using 3D ultrasound data that is different
from the existing 3D ultrasound data. In this case, the
controller 320 may control the image processor 310 to
acquire the at least one second ultrasound image by us-
ing a preset user-designated reference cross-section
without having to reset the user-designated reference
cross-section. Thus, the ultrasound imaging apparatus
300 provides the 2D ultrasound image corresponding to
the user-designated reference cross-section within a
short time. The display 330 may display the generated
at least one second ultrasound image.
[0092] In addition, the image processor 310 generates
a window and acquires a first ultrasound image corre-
sponding to a user-designated reference cross-section.
In detail, the image processor 310 generates a window
to be located on a 3D ultrasound image. The image proc-
essor 310 may move the window to a position corre-
sponding to the user-designated reference cross-section
in the 3D ultrasound image by using setting information
of the user-designated reference cross-section. The im-
age processor 310 may acquire at least one first ultra-
sound image at the position corresponding to the user-
designated reference cross-section.
[0093] The ultrasound imaging apparatus 300 may in-
clude a central arithmetic processor that controls overall
operations of the image processor 310, the controller
320, and the display 330. The central arithmetic proces-
sor may be implemented as an array of a plurality of logic
gates or a combination of a general purpose microproc-
essor and a program that can be run on the general pur-
pose microprocessor. Furthermore, it will be appreciated
by those of ordinary skill in the art to which the present
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embodiment pertains that the central arithmetic proces-
sor may be formed using different types of hardware
[0094] Hereinafter, various operations performed by
the ultrasound imaging apparatus 300 and applications
thereof will be described in detail. Although none of the
image processor 310, the controller 320, and the display
330 are specified, features and aspects that would be
clearly understood by and are obvious to those of ordi-
nary skill in the art may be considered as a typical imple-
mentation. The scope of the present inventive concept
is not limited by a name of a particular component or
physical/logical structure.
[0095] FIG. 4 is a block diagram of a configuration of
an ultrasound imaging apparatus 400 according to an-
other exemplary embodiment. Unlike the ultrasound im-
aging apparatus 300 of FIG. 3, the ultrasound imaging
apparatus 400 according to the present exemplary em-
bodiment may further include a user interface 440.
[0096] Since an image processor 410, a controller 420,
and a display 430 of the ultrasound imaging apparatus
400 of FIG. 4 respectively correspond to the image proc-
essor 310, the controller 320, and the display 330 of the
ultrasound imaging apparatus 300 of FIG. 3, descriptions
already provided with respect to FIG. 3 will be omitted
below.
[0097] The user interface 440 may receive a first user
input for moving a first reference cross-section. In this
case, the first user input includes at least one of an input
for selecting a first reference ultrasound image corre-
sponding to the first reference cross-section from among
at least one 2D ultrasound image and an input of setting
information for setting the user-designated reference
cross-section. The user-designated reference cross-
section may be set to move the first reference cross-
section. The setting information may include at least one
of rotation information, tilting information, and vertical
movement information that are set with respect to the
first reference cross-section.
[0098] The user interface 440 refers to a device via
which data for controlling the ultrasound imaging appa-
ratus 400 is received from a user. The user interface 440
may include hardware components, such as a keypad,
a mouse, a touch panel, a touch screen, a track ball, and
a jog switch, but is not limited thereto. The user interface
440 may further include any of various other input units
including an electrocardiogram (ECG) measuring mod-
ule, a respiration measuring module, a voice recognition
sensor, a gesture recognition sensor, a fingerprint rec-
ognition sensor, an iris recognition sensor, a depth sen-
sor, a distance sensor, etc.
[0099] The user interface 440 may generate and output
a user interface screen for receiving a predetermined
command or data from the user. The user interface 440
may also receive the predetermined command or data
from the user via the user interface screen. The user may
view the user interface screen displayed via the display
430 to visually recognize predetermined information and
input a predetermined command or data via the user in-

terface 440.
[0100] For example, the user interface 440 may be
formed as a touch pad. In detail, the user interface 440
includes a touch pad combined with the display panel in
the display 430. In this case, a user interface screen is
output to the display panel. When a predetermined com-
mand is input via the user interface screen, the touch pad
may detect information about the predetermined com-
mand and then transmit the detected information to the
controller 420. Then, the controller 420 may interpret the
detected information to recognize and execute the pre-
determined command input by the user.
[0101] The ultrasound imaging apparatus 400 may fur-
ther include a storage device (not shown) and a commu-
nication module (not shown). The storage device may
store data related to an object (e.g., an ultrasound image,
ultrasound data, scan-related data, data related to diag-
nosis of a patient, etc.), data transmitted from an external
device to the ultrasound imaging apparatus 400. The da-
ta transmitted from the external device may include pa-
tient-related information, data necessary for diagnosis
and treatment of a patient, a patient’s past medical his-
tory, a medical work list corresponding to instructions re-
garding diagnosis of a patient, and the like.
[0102] The communication module may receive and/or
transmit data from and/or to an external device. For ex-
ample, the communication module may connect to a
wireless probe or an external device via a communication
network based on Wi-Fi or Wi-Fi Direct (WFD) technol-
ogy. In detail, examples of a wireless communication net-
work to which the communication module can connect
may include, but are not limited to, Wireless LAN (WLAN),
Wi-Fi, Bluetooth, ZigBee, WFD, Ultra Wideband (UWB),
Infrared Data Association (IrDA), Bluetooth Low Energy
(BLE), and Near Field Communication (NFC).
[0103] FIG. 5 is a diagram for explaining a user inter-
face screen for selecting a reference ultrasound image
via the ultrasound imaging apparatus 300, according to
an exemplary embodiment.
[0104] Referring to FIG. 5, the ultrasound imaging ap-
paratus 300 may display a screen 500 on which a plurality
of 2D ultrasound images of an object are displayed. In
detail, the ultrasound imaging apparatus 300 may display
a plurality of 2D ultrasound images obtained by capturing
ultrasound images along long and short axes of the heart.
When the object is the heart, FIG. 5 shows a screen in-
cluding a plurality of 2D ultrasound images of the heart.
[0105] In order to check for the presence of heart dis-
ease, the user may detect and diagnose a suspected
part of the heart by acquiring ultrasound images along
multiple axes of the heart and analyzing the acquired
ultrasound images. To identify the presence of heart dis-
ease, ultrasound images showing an apex and a base
of the heart are needed.
[0106] The ultrasound imaging apparatus 300 may dis-
play, based on a long axis of the heart, cross-sectional
images 501 through 503 respectively for 2-chamber, 3-
chamber, and 4-chamber views by using cross-sections
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including the long axis. Furthermore, the ultrasound im-
aging apparatus 300 may display, based on a short axis
of the heart, cross-sectional images 504 through 506 re-
spectively provided for apical, mid, and basal views by
using cross-sections that is perpendicular to the short
axis. Such a plurality of cross-sectional images may be
arranged in a manner predesignated by the user and
output via a display panel. While cross-sectional images
provided by a general ultrasound imaging apparatus are
designated and do not satisfy the user’s intention, images
provided by the ultrasound imaging apparatus 300 may
be composed based on a cross-section that the user de-
sires to observe. Thus, the ultrasound imaging apparatus
300 may provide ultrasound images of the object 10 more
efficiently from multiple viewpoints than general ultra-
sound imaging apparatuses.
[0107] The ultrasound imaging apparatus 300 may dis-
play a screen including 2D ultrasound images obtained
along long and short axes of the heart. The ultrasound
imaging apparatus 300 may output a screen including a
plurality of 2D ultrasound images as a user interface
screen. The user interface screen may be formed as a
touch pad. In this case, when an input for selecting a
reference ultrasound image is performed via the user in-
terface screen, the touch pad detects the input and trans-
mits the detected input to an image processor and a con-
troller. For example, the ultrasound imaging apparatus
300 may receive an input for selecting one of the plurality
of 2D ultrasound images as a reference ultrasound im-
age. The ultrasound imaging apparatus 300 performs a
process for setting a user-designated reference cross-
section based on the selected reference ultrasound im-
age.
[0108] FIGS. 6 and 7 are diagrams for explaining a
user interface screen for setting a user-designated ref-
erence cross-section.
[0109] Referring to FIG. 6, when the ultrasound imag-
ing apparatus 300 receives a signal for selecting a ref-
erence ultrasound image, the ultrasound imaging appa-
ratus 300 displays a screen for setting a user-designated
reference cross-section. Since the reference ultrasound
image is a 2D ultrasound image, the reference ultrasound
image has a corresponding reference cross-section for
acquiring the 2D ultrasound image. Furthermore, the ref-
erence cross-section is a cross-section in a 3D ultra-
sound image, which is used to observe a view of the 2D
ultrasound image.
[0110] The ultrasound imaging apparatus 300 may re-
ceive a signal for selecting at least one reference ultra-
sound image from among a plurality of 2D ultrasound
images. Each of the at least one reference ultrasound
image has a corresponding reference cross-section in a
3D ultrasound image.
[0111] A user-designated reference cross-section is
obtained by moving a first reference cross-section includ-
ed in the at least one reference cross-section. The ultra-
sound imaging apparatus 300 may set the user-desig-
nated reference cross-section by using an angle or dis-

tance relative to the first reference cross-section. The
ultrasound imaging apparatus 300 may receive setting
information for moving the first reference cross-section.
In this case, the setting information may include at least
one of rotation information, tilting information, and vertical
movement information that are set with respect to the
first reference cross-section.
[0112] In detail, the ultrasound imaging apparatus 300
displays a screen for selecting parameters 601 through
603 used for moving the first reference cross-section.
For example, the parameters 601 through 603 may in-
clude a rotation parameter 601 indicating the amount by
which the first reference cross-section rotates, a tilting
parameter 602 indicating the extent to which the first ref-
erence cross-section is tilted, and a vertical movement
parameter 603 indicating the amount of vertical move-
ment of the first reference cross-section. Those of ordi-
nary skill in the art to which the present embodiment per-
tains will understand that the user-designated reference
cross-section may be set using parameters other than
the above-described parameters 601 through 603.
[0113] Furthermore, the ultrasound imaging apparatus
300 may set the user-designated reference cross-section
by combining values for at least one parameter from
among the rotation parameter 601, the tilting parameter
602, and the vertical movement parameter 603.
[0114] The ultrasound imaging apparatus 300 may re-
ceive a signal for selecting at least one of the parameters
601 through 603 used for setting the user-designated
reference cross-section. Referring to FIG. 6, the ultra-
sound imaging apparatus 300 may receive a signal for
selecting the rotation parameter 601.
[0115] Referring to FIG. 7, the ultrasound imaging ap-
paratus 300 displays a screen for inputting information
about the amount of degrees by which and the direction
in which the first reference cross-section rotates, accord-
ing to a result of selecting the rotation parameter 601.
The user may input values 701 and 702 for the rotation
parameter 601 via a user interface. The user may set a
plurality of user-designated reference cross-sections in
a 3D ultrasound image in order to generate views of 2D
ultrasound images that the user desires to observe. The
user may input via the user interface a parameter and a
value of the parameter for each of the plurality of user-
designated reference cross-sections.
[0116] The ultrasound imaging apparatus 300 may
store in a storage device (not shown) a parameter used
for setting a user-designated reference cross-section
and a value of the parameter. Furthermore, the storage
device may be built into the ultrasound imaging appara-
tus 300 or be implemented in an external device that is
physically independent of the ultrasound imaging appa-
ratus 300. The storage device may be any of various
storage media such as a hard disk drive (HDD), Read
Only Memory (ROM), Random Access Memory (RAM),
a flash memory, and a memory card.
[0117] FIGS. 8 through 11 are diagrams for explaining
screens on which a first ultrasound image corresponding
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to a user-designated reference cross-section is dis-
played, according to an exemplary embodiment.
[0118] Referring to FIG. 8, the ultrasound imaging ap-
paratus 300 displays a screen on which a plurality of first
ultrasound images 801 through 805 respectively corre-
sponding to a plurality of user-designated reference
cross-sections are displayed. When a signal for selecting
one image from among the plurality of first ultrasound
images 801 through 805 is received, the ultrasound im-
aging apparatus 300 may display the selected one im-
age.
[0119] As shown in FIG. 8, the first ultrasound images
801 through 805 may be 2D cross-sectional images ob-
tained along a long axis of the heart. The ultrasound im-
aging apparatus 300 may display the plurality of first ul-
trasound images 801 through 805 respectively corre-
sponding to the user-designated reference cross-sec-
tions and arranged in an order designated by the user.
[0120] Referring to FIG. 9, when an object is the heart,
the ultrasound imaging apparatus 300 may display a
screen on which first ultrasound images 910, 920, and
930 respectively corresponding to user-designated ref-
erence cross-sections 901 through 903 are displayed to-
gether with a 3D ultrasound image 940. The ultrasound
imaging apparatus 300 displays the first ultrasound im-
ages 910, 920, and 930 respectively corresponding to
the user-designated reference cross-sections 901
through 903 in the 3D ultrasound image 940, which are
set based on a first reference cross-section in with re-
spect to a short axis of the heart. Furthermore, the ultra-
sound imaging apparatus 300 indicates positions of the
user-designated reference cross-sections 901 through
903 respectively corresponding to the first ultrasound im-
ages 910, 920, and 930.
[0121] Referring to FIG. 10, when the object is the
heart, the ultrasound imaging apparatus 300 may display
a screen on which first ultrasound images 1010, 1020,
and 1030 respectively corresponding to user-designated
reference cross-sections 1001 through 1003 are dis-
played together with a 3D ultrasound image 1040. The
ultrasound imaging apparatus 300 displays the first ul-
trasound images 1010, 1020, and 1030 respectively cor-
responding to the user-designated reference cross-sec-
tions 1001 through 1003 in the 3D ultrasound image 1040
that are set based on a first reference cross-section in
with respect to a long axis of the heart. Furthermore, the
ultrasound imaging apparatus 300 indicates positions of
the user-designated reference cross-sections 1001
through 1003 respectively corresponding to the first ul-
trasound images 1010, 1020, and 1030.
[0122] Referring to FIG. 11, the ultrasound imaging ap-
paratus 300 may display at least one first ultrasound im-
age 1111 through 1115 obtained when a 3D ultrasound
image 1130 is observed from a view that is different from
a 2D ultrasound image based on at least one 2D ultra-
sound image 1101 through 1106 of the heart. The ac-
quired 2D ultrasound images 1101 through 1106 are
cross-sectional images along long and short axes of the

heart. The ultrasound imaging apparatus 300 may dis-
play a screen including the at least one first ultrasound
image 1111 through 1115, the at least one 2D ultrasound
image 1101 through 1106, and the 3D ultrasound image
1130.
[0123] The ultrasound imaging apparatus 300 may dis-
play a reference ultrasound image 1102 to be distin-
guished from the remaining 2D ultrasound images 1101,
1103, 1104, 1105, and 1106. The reference ultrasound
image 1102 corresponds to a reference cross-section
used to set a user-designated reference cross-section.
A reference ultrasound image may be one of a plurality
of 2D ultrasound images.
[0124] FIG. 12 is a flowchart of a method of operating
the ultrasound imaging apparatus 300, according to an
exemplary embodiment.
[0125] Referring to FIG. 12, the ultrasound imaging ap-
paratus 300 may acquire, based on 3D ultrasound data
related to an object, at least one 2D ultrasound image
respectively corresponding to at least one reference
cross-section (S1210).
[0126] The ultrasound imaging apparatus 300 may set
in a 3D ultrasound image a user-designated reference
cross-section to enable a user to observe a 2D ultrasound
image (S1220). The ultrasound imaging apparatus 300
may set a user-designated reference cross-section ob-
tained by moving a first reference cross-section corre-
sponding to a reference ultrasound image selected from
among the at least one 2D ultrasound image.
[0127] The ultrasound imaging apparatus 300 may re-
ceive a first user input for moving the first reference cross-
section and set the user-designated reference cross-sec-
tion based on the received first user input. In this case,
the first user input may include at least one of an input
for selecting a first reference ultrasound image corre-
sponding to the first reference cross-section from among
the at least one 2D ultrasound image and an input of
setting information for moving the first reference cross-
section. In detail, the setting information may include at
least one of pieces of rotation information, tilting informa-
tion, and vertical movement information that are set with
respect to the first reference cross-section.
[0128] The ultrasound imaging apparatus 300 may
generate at least one first ultrasound image correspond-
ing to the user-designated reference cross-section
(S1230). The ultrasound imaging apparatus 300 may set
a plurality of user-designated reference cross-sections
based on the first reference cross-section. The ultra-
sound imaging apparatus 300 may generate first ultra-
sound images respectively corresponding to the plurality
of user-designated reference cross-sections.
[0129] The ultrasound imaging apparatus 300 may dis-
play the generated at least one first ultrasound image
(S1240). The ultrasound imaging apparatus 300 may dis-
play a screen including a first ultrasound image and a 3D
ultrasound image corresponding to a first ultrasound im-
age. In this case, a user-designated reference cross-sec-
tion corresponding to the first ultrasound image may be
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displayed to overlap the 3D ultrasound image.
[0130] Furthermore, the ultrasound imaging apparatus
300 may display a screen including at least one from
among a 3D ultrasound image, at least one 2D ultrasound
image, and at least one first ultrasound image. In this
case, the at least one 2D ultrasound image may be dis-
played in such a manner as to be distinguished from the
at least one first ultrasound image.
[0131] The ultrasound imaging apparatuses described
above may be implemented using hardware compo-
nents, software components, or a combination thereof.
For example, the apparatuses and components illustrat-
ed in the exemplary embodiments may be implemented
using one or more general-purpose or special-purpose
computers, such as a processor, a controller, an arith-
metic logic unit (ALU), a digital signal processor, a mi-
crocomputer, a field programmable array (FPA), a pro-
grammable logic unit (PLU), a microprocessor or any oth-
er device capable of responding to and executing instruc-
tions in a defined manner.
[0132] A processing device may run an operating sys-
tem (OS) and one or more software applications running
on the OS. The processing device also may access,
store, manipulate, process, and create data in response
to execution of software.
[0133] Although a single processing device may be il-
lustrated for convenience, one of ordinary skill in the art
will appreciate that a processing device may include a
plurality of processing elements and/or a plurality of types
of processing elements. For example, a processing de-
vice may include a plurality of processors or a processor
and a controller. In addition, the processing device may
have different processing configurations such as parallel
processors.
[0134] Software may include a computer program, a
piece of code, an instruction, or one or more combina-
tions thereof and independently or collectively instruct or
configure the processing device to operate as desired.
[0135] Software and/or data may be embodied perma-
nently or temporarily in any type of machine, component,
physical equipment, virtual equipment, computer storage
medium or device, or in a transmitted signal wave so as
to be interpreted by the processing device or to provide
instructions or data to the processing device. The soft-
ware also may be distributed over network-coupled com-
puter systems so that the software is stored and executed
in a distributed fashion. In particular, the software and
data may be stored in one or more computer-readable
recording media.
[0136] The methods according to the exemplary em-
bodiments may be recorded in non-transitory computer-
readable recording media including program instructions
to implement various operations embodied by a compu-
ter. The non-transitory computer-readable recording me-
dia may also include, alone or in combination with the
program instructions, data files, data structures, and the
like. The program instructions recorded in the non-tran-
sitory computer-readable recording media may be de-

signed and configured specially for the exemplary em-
bodiments or be known and available to those of ordinary
skill in computer software.
[0137] Examples of non-transitory computer-readable
recording media include: magnetic media such as hard
disks, floppy disks, and magnetic tape; optical media
such as CD ROM discs and DVDs; magneto-optical me-
dia such as floptical disks; and hardware devices that are
specially configured to store and perform program in-
structions, such as ROM, RAM, flash memory, and the
like.
[0138] Examples of program instructions include both
machine code, such as that produced by a compiler, and
higher level code that may be executed by the computer
using an interpreter.
[0139] The above-described hardware devices may be
configured to act as one or more software modules in
order to perform the operations of the above-described
embodiments, or vice versa.
[0140] While one or more exemplary embodiments
have been described with reference to the figures, it will
be understood by those of ordinary skill in the art that
various modifications and changes in form and details
may be made from the above descriptions without de-
parting from the spirit and scope as defined by the fol-
lowing claims. For example, adequate effects may be
achieved even if the above techniques are performed in
a different order than described above, and/or the afore-
mentioned elements, such as systems, structures, de-
vices, or circuits, are combined or coupled in different
forms and modes than as described above or are re-
placed or supplemented by other components or their
equivalents.
[0141] Thus, the scope of the present inventive con-
cept is defined not by the detailed description thereof but
by the appended claims and their equivalents.

Claims

1. An ultrasound imaging apparatus comprising:

an image processor configured to acquire,
based on three-dimensional (3D) ultrasound da-
ta for generating a 3D ultrasound image of an
object, at least one two-dimensional (2D) ultra-
sound image comprising at least one reference
ultrasound image corresponding to at least one
reference cross-section;
a controller configured to set a user-designated
reference cross-section obtained by moving a
first reference cross-section included in the at
least one reference cross-section and control
generation of at least one first ultrasound image
corresponding to the set user-designated refer-
ence cross-section; and
a display configured to display the generated at
least one first ultrasound image.
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2. The ultrasound imaging apparatus of claim 1, further
comprising a user interface configured to receive a
first user input for moving the first reference cross-
section,
wherein the controller acquires, based on the re-
ceived first user input, the user-designated reference
cross-section by moving the first reference cross-
section.

3. The ultrasound imaging apparatus of claim 2, where-
in the first user input comprises at least one of an
input for selecting a first reference ultrasound image
corresponding to the first reference cross-section
from among the at least one 2D ultrasound image
and an input of setting information for moving the
first reference cross-section.

4. The ultrasound imaging apparatus of claim 3, where-
in the setting information comprises at least one of
rotation information, tilting information, and vertical
movement information that are set with respect to
the first reference cross-section.

5. The ultrasound imaging apparatus of claim 1, where-
in the object is a heart.

6. The ultrasound imaging apparatus of claim 5, where-
in the at least one 2D ultrasound image is a cross-
sectional image obtained along at least one of long
and short axes of the heart.

7. The ultrasound imaging apparatus of claim 1, where-
in the display displays a screen comprising at least
one of the 3D ultrasound image and the at least one
2D ultrasound image.

8. The ultrasound imaging apparatus of claim 7, where-
in the display displays each of the first reference
cross-section and the user-designated reference
cross-section in such a manner as to overlap the 3D
ultrasound image.

9. The ultrasound imaging apparatus of claim 1, where-
in the display displays a screen comprising at least
one of the 3D ultrasound image, the at least one 2D
ultrasound image, and the at least one first ultra-
sound image.

10. The ultrasound imaging apparatus of claim 1, where-
in the display displays a screen comprising at least
one of the at least one 2D ultrasound image and at
least one of the at least one first ultrasound image,
and
wherein the at least one 2D ultrasound image and
the at least one first ultrasound image are displayed
in such a manner as to be distinguished from each
other.

11. The ultrasound imaging apparatus of claim 1, where-
in the display displays the 3D ultrasound image in-
cluding the first reference cross-section and the at
least one 2D ultrasound image in such a manner that
they are associated with each other, and displays
the 3D ultrasound image including the user-desig-
nated reference cross-section and the at least one
first ultrasound image in such a manner that they are
associated with each other.

12. The ultrasound imaging apparatus of claim 1, where-
in the image processor receives 3D ultrasound data
related to the object, which is different from the 3D
ultrasound data,
wherein the controller controls generation of at least
one second ultrasound image corresponding to the
user-designated reference cross-section based on
the received 3D ultrasound data, and
wherein the display displays the at least one second
ultrasound image.

13. The ultrasound imaging apparatus of claim 1, where-
in the image processor generates a window to be
located on the 3D ultrasound image, moves the win-
dow to a position corresponding to the user-desig-
nated reference cross-section in the 3D ultrasound
image by using setting information of the user-des-
ignated reference cross-section, and acquires at
least one first ultrasound image at a position corre-
sponding to the user-designated reference cross-
section.

14. A method of operating an ultrasound imaging appa-
ratus, the method comprising:

acquiring, based on three-dimensional (3D) ul-
trasound data for generating a 3D ultrasound
image of an object, at least one two-dimensional
(2D) ultrasound image comprising at least one
reference ultrasound image corresponding to at
least one reference cross-section;
setting a user-designated reference cross-sec-
tion obtained by moving a first reference cross-
section included in the at least one reference
cross-section;
controlling generation of at least one first ultra-
sound image corresponding to the set user-des-
ignated reference cross-section; and
displaying the generated at least one first ultra-
sound image.

15. The method of claim 14, further comprising receiving
a first user input for moving the first reference cross-
section,
wherein the setting of the user-designated reference
cross-section obtained by moving the first reference
cross-section included in the at least one reference
cross-section comprises acquiring, based on the re-
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ceived first user input, the user-designated reference
cross-section by moving the first reference cross-
section.
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