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ULTRASOUND DIAGNOSTIC APPARATUS
AND OPERATING METHOD THEREOF

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0010885, filed on Jan. 28, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND 1. Field

[0002] One or more embodiments of the present invention
relate to an ultrasound diagnostic apparatus and an operating
method thereof, and more particularly, to an ultrasound diag-
nostic apparatus and an operating method thereof, which
increase an accuracy of measurement for a flow of a moving
object of interest (OOI).

[0003] 2. Description of the Related Art

[0004] Ultrasound diagnostic apparatuses irradiate an
ultrasound signal, generated from a transducer of a probe,
onto an object and receive information of an echo signal
reflected from the object. thereby obtaining an image of an
internal part of the object. In particular, ultrasound diagnostic
apparatuses are used for the medical purpose of observing the
inside of an object, detecting a foreign material, and assessing
an injury. Ultrasound diagnostic apparatuses have stabilities
higher than those of diagnostic apparatuses using X-rays,
display an image in real time, and are safe because there is no
exposure to radioactivity, and thus may be widely used along
with other image diagnostic apparatuses.

[0005] Ultrasound diagnostic apparatuses may provide a
brightness (B) mode in which a reflection coefficient of an
ultrasound signal reflected from an object is shown as a two-
dimensional (2D) image, a Doppler mode image in which an
image of a moving object (particularly, blood flow) is shown
by using the Doppler effect, and an elastic mode image in
which a reaction difference between when compression is
applied to an object and when compression is not applied to
the object is expressed as an image.

SUMMARY

[0006] One or more embodiments of the present invention
include an ultrasound diagnostic apparatus and an operating
method thereof, which measure and display a moving path of
amoving OOI, thereby increasing an accuracy of a diagnosis
of the moving OOL.

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

[0008] According to one or more embodiments of the
present invention, a method of operating an ultrasound diag-
nostic apparatus includes: displaying an ultrasound image of
a target object; receiving an ultrasound signal obtained from
a moving object of interest (OOI) included in the target
object; setting a first reference region in the ultrasound image;
acquiring first moving path information of the OOI passing
through the first reference region, based on the received ultra-
sound signal; and displaying the first moving path in the
ultrasound image, based on the first moving path information.
[0009] The setting of the first reference region may include
setting, as the first reference region, at least one of a point, a
line, and a region in the ultrasound image.
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[0010] The method may further include: setting a second
reference region in the ultrasound image; and acquiring sec-
ond moving path information of the QO passing through the
second reference region, based on the received ultrasound
signal, and displaying the second moving path to be identifi-
able from the first moving path, based on the second moving
path information.

[0011] The displaying of the second moving path may
include displaying the first and second moving paths in dif-
ferent colors.

[0012] The displaying of the second moving path may
include, when the first and second moving paths overlap,
displaying the overlapped region in a mixed color of a first
color corresponding to the first moving path and a second
color corresponding to the second moving path.

[0013] The displaying of the second moving path may
include, when the first and second moving paths overlap,
displaying a ratio of a volume of an OOI corresponding to the
first moving path and a volume of an QOI corresponding to
the second moving path, in the overlapped region.

[0014] The acquiring of the first moving path information
may include tracing a moving path of the OOI flowing out
from the first reference region to acquire the first moving path
information.

[0015] The acquiring of the first moving path information
may include reversely tracing a moving path of the OOI
flowing into the first reference region to acquire the first
moving path information.

[0016] The displaying of the first moving path may include
displaying a start region of the first moving path.

[0017] According to one or more embodiments of the
present invention, an ultrasound diagnostic apparatus
includes: a display unit that displays an ultrasound image of a
target object; an ultrasound signal receiving unit that receives
an ultrasound signal obtained from a moving object of interest
(O0I) included in the target object; a reference region setting
unit that sets a first reference region in the ultrasound image;
and a data processing unit that acquires first moving path
information of the OOI passing through the first reference
region, based on the received ultrasound signal, wherein the
display unit displays the first moving path in the ultrasound
image, based on the first moving path information.

[0018] Thereference region setting unit may set, as the first
reference region, at least one of a point, a line, and a region in
the ultrasound image.

[0019] The reference region setting unit may set a second
reference region in the ultrasound image, the data processing
unit may acquire second moving path information of the OOI
passing through the second reference region, based on the
received ultrasound signal, and the display unit may display
the second moving path to be identifiable from the first mov-
ing path, based on the second moving path information.
[0020] The display unit may display the first and second
moving paths in different colors.

[0021] When the firstand second moving paths overlap, the
display unit may display the overlapped region in a mixed
color of a first color corresponding to the first moving path
and a second color corresponding to the second moving path.
[0022] When the firstand second moving paths overlap, the
display unit may display a ratio of a volume of an OQI
corresponding to the first moving path and a volume of an
OOl corresponding to the second moving path, in the over-
lapped region.
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[0023] Thedata processing unit may trace a moving path of
the OOI flowing out from the first reference region to acquire
the first moving path information.

[0024] The data processing unit may reversely trace a mov-
ing path of the OOI flowing into the first reference region to
acquire the first moving path information.

[0025] The display unit may display a start region of the
first moving path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0027] FIG.1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to an
embodiment of the present invention;

[0028] FIG.2isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to an
embodiment of the present invention;

[0029] FIG. 3 is a flowchart illustrating a method of oper-
ating an ultrasound diagnostic apparatus according to an
embodiment of the present invention; and

[0030] FIGS. 4 to 8 are diagrams referred to for describing
the operating method of FIG. 3.

DETAILED DESCRIPTION

[0031] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. Expressions such as “at least one of,” when preceding a
list of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0032] All terms including descriptive or technical terms
which are used herein should be construed as having mean-
ings that are obvious to one of ordinary skill in the art. How-
ever, the terms may have different meanings according to an
intention of one of ordinary skill in the art, precedent cases, or
the appearance of new technologies. Also, some terms may be
arbitrarily selected by the applicant, and in this case, the
meaning ofthe selected terms will be described in detail in the
detailed description of the invention. Thus, the terms used
herein have to be defined based on the meaning of the terms
together with the description throughout the specification.
[0033] Also, when a part “includes” or “comprises” an
element, unless there is a particular description contrary
thereto, the part may further include other elements, not
excluding the other elements. Moreover, each of terms such
as “. .. unit” and “module” described in specification denotes
an element for performing at least one function or operation,
and may be implemented in hardware, software or a combi-
nation of hardware and software.

[0034] Theterm “ultrasound image” used hereindenotes an
image of an object acquired by using an ultrasound wave.
Also, the term “object” used herein may include a person, an
animal, a part of the person, or a part of the animal. For
example, an object may include an organ such as a liver, a
heart, a womb, a brain, breasts, an abdomen, or the like, or a
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blood vessel. Also, the term “object” may include a phantom.
The phantom denotes a material having a volume that is very
close to a density and effective atomic number of an organ-
ism, and may include a spherical phantom having a charac-
teristic similar to a physical body.

[0035] Moreover, the ultrasound image may be imple-
mented in various ways. For example, the ultrasound image
may be at least one of an amplitude (A) mode image, a
brightness (B) mode image, a color (C) mode image, and a
Doppler (D) mode image. Also, according to an embodiment
of the present invention, the ultrasound image may be a two-
dimensional (2D) image or a three-dimensional (3D) image.

[0036] Moreover, the term “user” used herein is a medical
expert, and may be a doctor, a nurse, a medical technologist,
amedical image expert, or the like, or may be an engineer who
repairs a medical apparatus. However, the user is not limited
thereto.

[0037] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the concept of the invention to
those of ordinary skill in the art. In the following description,
well-known functions or constructions are not described in
detail since they would obscure the invention with unneces-
sary detail. Throughout the specification, like reference
numerals in the drawings denote like elements.

[0038] FIG. 1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus 100a according to an
embodiment of the present invention. Referring to FI1G. 1, the
ultrasound diagnostic apparatus 100a includes an ultrasound
signal receiving unit 120, a reference region setting unit 130,
a data processing unit 140, and a display unit 160.

[0039] The ultrasound diagnostic apparatus 100a may be
implemented as a card type or a portable type. Examples of
the ultrasound diagnostic apparatus 1002 may include a pic-
ture archiving and communication system (PACS) viewer, a
smartphone, a laptop computer, a personal digital assistant
(PDA), and a tablet personal computer (PC), but are not
limited thereto.

[0040] The ultrasound signal receiving unit 120 may pro-
cess an echo signal received from a probe to generate ultra-
sound data. For example, the ultrasound signal receiving unit
120 may receive an echo signal obtained from a moving OOI
included in a target object, and process the received echo
signal to generate ultrasound data.

[0041] The reference region setting unit 130 may set a
reference region in an ultrasound image. Also, the reference
region setting unit 130 may set the reference region on the
basis of'a user input. For example, the reference region setting
unit 130 may receive a user input that selects at least one of a
point, a line, and a region in an ultrasound image, and set at
least one of the selected point, line, and region as the refer-
ence region. Here, the user input may be input by using an
input device such as a mouse, a keypad, or the like, and
moreover, when the display unit 160 is configured with a
touch screen, the user input may be a touch input that is input
by using a touch tool (for example, a finger, an electronic pen,
or the like).
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[0042] Moreover, the reference region setting unit 130 may
set a plurality of reference regions, and the set reference
regions may be displayed in a color.

[0043] The data processing unit 140 may acquire moving
path information of an OQI passing through the reference
region which is set by the reference region setting unit 130, on
the basis of the received ultrasound signal. Also, when the
reference region is set in plurality, the data processing unit
140 may acquire moving path information of an OOI passing
through each of the plurality of reference regions.

[0044] The data processing unit 140 may trace a moving
path of an OOI flowing out from the reference region, or may
reversely trace a moving path of an OOl flowing into the
reference region, thereby acquiring moving path information.
[0045] The display unit 160 displays the ultrasound image
generated by the image generating unit 155. The display umt
160 may display various pieces of information processed by
the ultrasound diagnostic apparatus 100, in addition to the
ultrasound image, on a screen through a graphics user inter-
face (GUI). The ultrasound diagnostic apparatus 100 may
include two or more display units 160 depending on an imple-
mentation type.

[0046] The display unit 160 includes at least one of'a liquid
crystal display (L.CD), a thin film transistor-liquid crystal
display (TFT-LCD), an organic light-emitting diode (OLED),
a flexible display, a 3D display, and an electrophoretic dis-
play.

[0047] Moreover, when the display unit 160 and the user
input unit 190 are implemented as a touch screen by forming
alayer structure, the display unit 160 may be used as an input
unit that enables information to be input by a user’s touch, in
addition to an output unit.

[0048] The touch screen may be configured to detect a
touch pressure in addition to a touch input position and a
touched area. Also, the touch screen may be configured to
detect a proximity touch as well as a real touch.

[0049] Herein, the term “real touch” denotes a case in
which a pointer really touches a screen, and the term “prox-
imity touch” denotes a case in which the pointer does not
actually touch the screen but approaches a position which is
separated from the screen by a certain distance. The pointer
used herein denotes a touch instrument for really touching or
proximity-touching a specific portion of a displayed screen.
Examples of the pointer include an electronic pen, a finger,
etc.

[0050] Although not shown, the ultrasound diagnostic
apparatus 100 may include various sensors inside or near the
touch screen, for detecting a real touch or a proximity touch
on the touch screen. An example of a sensor for sensing a
touch of the touch screen is a tactile sensor.

[0051] The tactile sensor denotes a sensor that senses a
touch by a specific object to a degree to which a user feels, or
more. The tactile sensor may sense various pieces of infor-
mation such as a roughness of a touched surface, a stiffness of
a touched object, a temperature of a touched point, etc.
[0052] Moreover, an example of a sensor for sensing a
touch of the touch screen is a proximity sensor. The proximity
sensor denotes a sensor that detects an object approaching a
detection surface or an object near the detection surface by
using an electromagnetic force or infrared light without any
mechanical contact.

[0053] Examples of the proximity sensor include a trans-
missive photosensor, a directly reflective photosensor, a mir-
ror reflective photosensor, a high frequency oscillation-type
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proximity sensor, a capacitive proximity sensor, a magnetic
proximity sensor, and an infrared proximity sensor.

[0054] Thedisplay unit160 according to an embodiment of
the present invention may display an ultrasound image of a
target object, and display the moving path of the OOI on the
basis of the moving path information of the OOI acquired by
the data processing unit 140.

[0055] Moreover, the display unit 160 may display the ref-
erence region set by the reference region setting unit 130, and
when a plurality of moving paths are acquired, the display
unit 160 may identifiably display the plurality of moving
paths. In this case, the moving paths may be displayed in
different colors.

[0056] Moreover, when the plurality of moving paths over-
lap, the display unit 160 may display the overlapped regions
in a mixed color of colors which respectively correspond to
the plurality of moving paths. For example, when first and
second moving paths overlap, the display unit 160 may dis-
play the overlapped region in amixed coloroffirst and second
colors which respectively correspond to the first and second
moving paths.

[0057] Moreover, the display unit 160 may display, in the
overlapped region, a ratio of a volume of'an OOI (correspond-
ing to the first moving path) and a volume of an OOI corre-
sponding to the second moving path.

[0058] FIG. 2isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus 1005 according to an
embodiment of the present invention. Referring to FI1G. 2, the
ultrasound diagnostic apparatus 1005 according to an
embodiment of the present invention includes a probe 20, an
ultrasound transceiver 100, an image processor 150, a com-
municator 170, a memory 180, a user input unit 190, and a
controller 195. The above-described elements may be con-
nected to each other through a bus 185.

[0059] An ultrasound receiver 120, data processing unit
140, a reference region setting unit 130, and display unit 160
of FIG. 2 are the same elements as the ultrasound signal
receiving unit 120, data processing unit 140, reference region
setting unit 130, and display unit 160 of FIG. 1, respectively,
and the descriptions of FIG. 1 are applied thereto.

[0060] The probe 20 transmits ultrasound waves to an
object 10 based on a driving signal applied by the ultrasound
transceiver 100 and receives echo signals reflected by the
object 10. The probe 20 includes a plurality of transducers,
and the plurality of transducers oscillate based on electric
signals transmitted thereto and generate acoustic energy, that
is, ultrasound waves. Furthermore, the probe 20 may be con-
nected to the main body of the ultrasound diagnostic appara-
tus 1005 by wire or wirelessly. According to embodiments of
the present invention, the ultrasound diagnostic apparatus
1005 may include a plurality of probes 20.

[0061] A transmission unit 110 supplies a driving signal to
the probe 20 and includes a pulse generating unit 112, a
transmission delaying unit 114, and a pulser 116. The pulse
generating unit 112 generates pulses for forming transmis-
sion ultrasound waves based on a predetermined pulse rep-
etition frequency (PRF), and the transmission delaying umt
114 applies a delay time for determining transmission direc-
tionality to the pulses. Pulses to which a delay time is applied
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 as a timing corre-
sponding to each pulse to which a delay time is applied.
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[0062] A reception unit 120 generates ultrasound data by
processing echo signals received from the probe 20 and may
include an amplifier 122, an analog-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 analog-to-digital converts the amplified echo
signals. The reception delaying unit 126 applies delay times
for determining reception directionality to the digital-con-
verted echo signals, and the summing unit 128 generates
ultrasound data by summing the echo signals processed by
the reception delaying unit 126.

[0063] The image processor 150 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 100 and displays the ultrasound image.
[0064] An ultrasound image may include 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 blood flow Doppler image showing flow of
blood (also referred to as a color Doppler image), a tissue
Doppler image showing movement of tissues, and a spectral
Doppler image showing moving speed of an object as a wave-
form.

[0065] A B mode processor 141 extracts B mode compo-
nents from ultrasound data and processes the B mode com-
ponents. An image generating unit 155 may generate an ultra-
sound image indicating signal intensities as brightness based
on the extracted B mode components.

[0066] Similarly, a Doppler processor 142 may extract
Doppler components from ultrasound data, and the image
generating unit 155 may generate a Doppler image indicating
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0067] The image generating unit 155 according to an
embodiment of the present invention may generate a 3D
ultrasound image via volume-rendering of volume data and
may also generate an elasticity image which visualizes defor-
mation of an object 10 due to pressure. Furthermore, the
image generating unit 155 may mark various pieces of addi-
tional information on an vltrasound image by using texts and
graphics. The generated ultrasound image may be stored in
the memory 180.

[0068] Thecommunicator 170 is connected to a network 30
in a wired or wireless manner to communicate with an exter-
nal device or server. The communicator 170 may exchange
data with a hospital server or a medical apparatus of a hospital
which is connected thereto through a medical image informa-
tion system (a PACS). Also, the communicator 170 may per-
form data communication according to the digital imaging
and communications in medicine (DICOM) standard.
[0069] The communicator 170 may transmit and receive
data, such as an ultrasound image, ultrasound data, Doppler
data, etc. of an object, associated with a diagnosis of the
object over the network 30, and may also transmit and receive
a medical image captured by a medical apparatus such as a
computed tomography (CT) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Further-
more, the communicator 170 may receive information on a
diagnosis history or treatment schedule of a patient from a
server, and use a diagnosis of an object. In addition, the
communicator 170 may perform data communication with a
portable terminal of a doctor or a patient, in addition to a
server or medical apparatus of a hospital.

[0070] The communicator 170 may be connected to the
network 30 in a wired or wireless manner, and may exchange
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data with a server 32, a medical apparatus 34, or a portable
terminal 36. The communicator 170 may include one or more
elements that enable communication with an external device,
and for example, include a short-distance communication
module 171, a wired communication module 172, and a
mobile communication module 173.

[0071] The short-distance communication module 171
denotes a module for short-distance communication within a
certain distance. Short-distance communication technology,
according to an embodiment of the present invention, may
include wireless LAN, Wi-Fi, Bluetooth, Zigbee, Wi-Fidirect
(WFD), ultra wideband (UWB), infrared data association
(IrDA), Bluetooth low energy (BLE), and near field commu-
nication (NFC), but the short-distance communication tech-
nology is not limited thereto.

[0072] The wired communication module 172 denotes a
module for communication using an electrical signal or an
optical signal. Wired communication technology according
to an embodiment may include a pair cable, a coaxial cable,
an optical fiber cable, or an Ethernet cable.

[0073] The mobile communication module 173 transmits
and receives a radio frequency (RF) signal to and from a base
station, an external terminal, and a server over a mobile com-
munication network. Here, the RF signal may include various
types of data based on transmission and reception of a voice
call signal, a video call signal, or a letter/multimedia message.
[0074] The memory 180 stores various pieces of informa-
tion processed by the ultrasound diagnostic apparatus 1004.
Forexample, the memory 180 may store medical data, such as
input/output ultrasound data and ultrasound images, associ-
ated with a diagnosis of an object, and may also store an
algorithm or a program which is executed in the ultrasound
diagnostic apparatus 1005.

[0075] The memory 180 may be configured with various
kinds of storage mediums such as a flash memory, a hard disk,
an EEPROM, etc. Also, the ultrasound diagnostic apparatus
1005 may operate web storage or a cloud server which per-
forms a storage function of the memory 180 on a web.
[0076] Theuserinputunit 190 generates input data which is
input by a user for controlling an operation of the ultrasound
diagnostic apparatus 1005, The user input unit 190 may
include hardware elements such as a keypad, a mouse, a touch
pad, a trackball, a jog switch, but is not limited thereto. As
another example, the user input unit 190 may further include
various sensors such as an electrocardiogram (ECG) mea-
surement module, a breath measurement sensor, a voice rec-
ognition sensor, a gesture recognition sensor, a fingerprint
recognition sensor, an iris recognition sensor, a depth sensor,
a distance sensor, etc.

[0077] In particular, the user input unit 190 may further
include the touch screen in which the touch pad and the
display unit 160 form the layer structure.

[0078] In this case, the ultrasound diagnostic apparatus
1005 may display a specific mode ultrasound image and a
control panel for an ultrasound image, on the touch screen. In
addition, the ultrasound diagnostic apparatus 1005 may sense
a user’s touch gesture for an ultrasound image through the
touch screen.

[0079] The ultrasound diagnostic apparatus 1005 accord-
ing to an embodiment of the present invention may physically
include some buttons, frequently used by a user, from among
a plurality of buttons included in a control panel of general
ultrasound diagnostic apparatuses, and the other buttons may
be provided through a type of GUI on the touch screen.
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[0080] The controller 195 controls an overall operation of
the ultrasound diagnostic apparatus 1005. That is, the con-
troller 195 may control operations between the probe 20, the
ultrasound transceiver 100, the image processor 150, the
communicator 170, the memory 180, and the user input unit
190 which are illustrated in FIG. 2.

[0081] Some or all of the probe 20, the ultrasound trans-
ceiver 100, the image processor 150, the communicator 170,
the memory 180, the user input unit 190, and the controller
195 may be operated by a software module, but are not limited
thereto. Some of the above-described elements may be oper-
ated by a hardware module. Also, at least some of the ultra-
sound transceiver 100, the image processor 150, and the com-
municator 170 may be included in the controller 195, but are
not limited to the implementation type.

[0082] The block diagram of each of the ultrasound diag-
nostic apparatuses 100a and 1005 of FIGS. 1 and 2 is a block
diagram according to an embodiment of the present inven-
tion. The elements of the block diagram may be integrated,
added, or omitted depending on a specification of an actually
implemented cache memory system. That is, depending on
the case, two or more elements may be integrated into one
element, or one element may be subdivided into two or more
elements. Also, a function performed by each element is for
describing an embodiment of the present invention, and each
element or a detailed operation thereof does not limit the
scope and spirit of the present invention.

[0083] FIG. 3 is a flowchart illustrating a method of oper-
ating an ultrasound diagnostic apparatus according to an
embodiment of the present invention.

[0084] Referring to FIG. 3, the ultrasound diagnostic appa-
ratus 100a (1006) may display an ultrasound image of an
object in operation S310.

[0085] In this case, the object may be a heart, but is not
limited thereto. Also, the ultrasound diagnostic apparatus
100a (1005) may set a region of interest (ROI) in the ultra-
sound image. For example, the ultrasound diagnostic appa-
ratus 100a (1005) may generate the ultrasound image of the
object on the basis of acquired ultrasound data, and display
the ultrasound image in the display unit 160.

[0086] For example, as illustrated in FIG. 4(a), when the
ultrasound image of the object is displayed, the ultrasound
diagnostic apparatus 100a (1005) may set a boundary 415 of
the ROI. Here, the boundary 415 of the ROI may be set
according to a user input.

[0087] Moreover, when the ROI may be set due to the
boundary 415, the ultrasound diagnostic apparatus 100a
(1005) may perform, in only the set ROI, a below-described
operation of tracing a moving path of an QOL

[0088] In operation S320, the ultrasound diagnostic appa-
ratus 100a (1005) may receive an ultrasound signal obtained
from a moving OOI included in a target object.

[0089] Here, the moving OOI may be blood flow, but is not
limited thereto. The ultrasound diagnostic apparatus 100a
(1005) may track a contrast medium injected into the target
object to receive the ultrasound signal obtained from the
moving OOI. Alternatively, the ultrasound diagnostic appa-
ratus 100a (1005) may receive a Doppler signal obtained
from the moving OOI.

[0090] In operation S330, the ultrasound diagnostic appa-
ratus 100a (1005) may set a first reference region included in
the ultrasound image.

[0091] Here, the first reference region may be at least one of
a point, a line, and a region.
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[0092] For example, referring to FIG. 4(a), an input for
selecting the first reference region may be an input that selects
a first point 410 of the ultrasound image.

[0093] The first point 410 may be automatically selected by
the ultrasound diagnostic apparatus 100a (1005), or may be
selected based on a user input. For example, a user may select
a reference point for acquiring a moving path of an OOI by
using aninput device, such as a mouse or akeypad, or a touch
tool (for example, a finger, an electronic pen, or the like).
[0094] Referring to FIG. 5(a), the input for selecting the
first reference region may be an input that selects lines 510,
520 and 530 in the ultrasound image.

[0095] Moreover, although not shown, the ultrasound diag-
nostic apparatus 100a (1006) may select a certain region of an
RO, and analyze a moving path of an OO, flowing out from
the selected region, or a moving path of an OOI flowing into
the selected region.

[0096] The selected point, line, and region may be dis-
played in a color on the ultrasound image, and the color may
be set by the user.

[0097] Moreover, each of the point, line, and region may be
selected in plurality, and may be displayed in different colors.
For example, as illustrated in FIG. 5(a), when three lines 510,
520 and 530 are selected, a first line 510 may be displayed in
a first color (illustrated as a triangle in FIG. 5(a)), a second
line 520 may be displayed in a second color (illustrated as a
circle in F1G. 5(a)), and a third line 530 may be displayed in
a third color (illustrated as a diamond in FI1G. 5(a)).

[0098] In operation S340, the ultrasound diagnostic appa-
ratus 1004 (1005) may acquire first moving path information
of an OOI passing through the first reference region, on the
basis of the received ultrasound signal.

[0099] The ultrasound diagnostic apparatus 100a (10056)
may acquire moving path information of a moving OOI
included in a target object, on the basis of an ultrasound
signal. For example, the ultrasound diagnostic apparatus
100a (1005) may inject a contrast medium into the target
object, and track the injected contrast medium, thereby
acquiring information (including a velocity, a moving direc-
tion, etc. of the OOI) about the moving OOl in an ROIL
Alternatively, the ultrasound diagnostic apparatus 100a
(1006) may extract a Doppler component from ultrasound
data of the target objet, and acquire information (including a
velocity, a moving direction, etc. of the OOI) about the mov-
ing OOI included in the target object on the basis of the
extracted Doppler component.

[0100] The ultrasound diagnostic apparatus 100a (1005),
as illustrated in FIGS. 4 and 5, may display a moving OQOI in
an ROl as a type of a vector (for example, an arrow) having a
size and direction of a velocity on the basis of information
(which is acquired as described above) about the moving
OOL

[0101] Moreover, the ultrasound diagnostic apparatus 100a
(1005) may acquire moving path information of an OOI pass-
ing through a set reference region.

[0102] As illustrated in FIG. 4(a), when a first point 410 of
an ultrasound image is set as a reference region, the ultra-
sound diagnostic apparatus 100a (1005) may acquire a mov-
ing path of a moving OOl with respect to the first point 410.
[0103] For example, the ultrasound diagnostic apparatus
100a (1005) may trace a moving path of an OOI flowing out
from the first point 410 to acquire moving path information,
based on movement information of the OOIL.
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[0104] In S350, the ultrasound diagnostic apparatus 100a
(1005) may display the acquired moving path.

[0105] For example, as illustrated in FIG. 4(5), the ultra-
sound diagnostic apparatus 100a (1005) may display a mov-
ing path 420 of the OOI flowing out from the first point 410 on
the basis of the acquired moving path information.

[0106] Inthiscase, the moving path (a diffusion path) of the
OOI may be displayed in a color, which may be set by a user
input. Also, a concentration of the color may be changed
according to a volume of the OOI. That is, a region where the
volume of the OOI is high may be displayed in a deep color,
and a region where the volume of the OOI is low may be
displayed in a deep color.

[0107] Moreover, when a volume of an OO] that moves a
first direction is less than a predetermined threshold value, a
moving path through which the OOI moves in the first direc-
tion may not be displayed. That is, only a main moving path
of the OOI may be displayed.

[0108] As described above, since the moving path of the
OO0l flowing out from the first point 410 is displayed, a user
easily determines a part of an ROI that is affected by the OOI
flowing out from the first point 410.

[0109] FIGS. 5(a)and (b)are diagrams illustrating a case in
which a plurality of lines in an ultrasound image are set as
reference regions.

[0110] Referring to FIG. 5(a), the ultrasound diagnostic
apparatus 1004 (1005) may seta plurality of lines as reference
regions. Here, the set plurality of reference regions (the plu-
rality of lines) may be displayed in different colors.

[0111] As illustrated in FIG. 5(a), when the lines 510, 520
and 530 are set as reference regions, the first line 510 may be
displayed in the first color (illustrated as a triangle in FIG.
5(a)), the second line 520 may be displayed in the second
color (illustrated as a circle in FIG. 5(a)), and the third line
530 may be displayed in the third color (illustrated as a
diamond in FIG. 5(a)).

[0112] The ultrasound diagnostic apparatus 100a (1005)
may acquire a moving path of a moving OOI with respect to
the first to third lines 510, 520 and 530. For example, as
illustrated in FIG. 5(5), the ultrasound diagnostic apparatus
100z (1005) may trace a moving path of an OOI flowing out
from a region corresponding to the first line 510 to acquire a
moving path 515, based on movement information of the
0O0], and display the acquired moving path 515.

[0113] Moreover, the ultrasound diagnostic apparatus 100a
(1005) may trace a moving path of an QOI flowing out from
a region corresponding to the second line 520 to acquire a
moving path 525, and display the acquired moving path 525.
In addition, the ultrasound diagnostic apparatus 100a (1005)
may trace a moving path of an OOI flowing out from a region
corresponding to the third line 530 to acquire a moving path
535, and display the acquired moving path 535.

[0114] In this case, the moving path of each of the OOIs
may be displayed in a color corresponding to a corresponding
reference region. For example, a moving path (the first mov-
ing path 515) of an OOI flowing out from the first line 510
may be displayed in the first color (illustrated as a triangle in
FIG. 5(b)), a moving path (the second moving path 525) of an
OOl flowing out from the second line 520 may be displayed
in the second color (illustrated as a circle in FIG. 5(b)), and a
moving path (the third moving path 535) of an OOI flowing
out from the third line 530 may be displayed in the third color
(illustrated as a diamond in FIG. 5(5)).
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[0115] Moreover, as described above with reference to FIG.
4, a concentration of the color may be changed according to a
volume of the OOI. That is, a region where the volume of the
OO0l is high may be displayed in a deep color, and a region
where the volume of the OOT is low may be displayed in a
deep color.

[0116] Moreover, when the moving path (the first moving
path 515) of the OOI flowing out from the first line 510
overlaps the moving path (the second moving path 525) of the
OO0l flowing out from the second line 520, the overlapped
region may be displayed in a mixed color of the first and
second colors. For example, when the first color is red and the
second color is yellow, the ultrasound diagnostic apparatus
1004 (1005) may display the overlapped region in an orange
color.

[0117] Moreover, the ultrasound diagnostic apparatus 100a
(1005) may display a volume of an OOI in an overlapped
region. For example, in a region where the first and second
moving paths overlap, the ultrasound diagnostic apparatus
100a (100%) may display, as numerical values, a volume of an
OOl having the first moving path 515 and a volume of an OQOI
having the second moving path 525, or the ultrasound diag-
nostic apparatus 100a (1005) may display a ratio of the vol-
umes as a numerical value.

[0118] Alternatively, a mixed color of an overlapped region
may be changed based on the ratio of the volume of the OOI
having the first moving path 515 and the volume of the OOI
having the second moving path 525. For example, when the
volume of the OO1 having the first moving path 515 is greater
than the volume of the OOI having the second moving path
525, the overlapped region may be displayed in a mixed color
in which a mixing ratio of the first color is higher than that of
the second color.

[0119] The ultrasound diagnostic apparatus 100a (1005)
may display a 3D ultrasound image, set a certain region of the
3D ultrasound image as a reference region, and acquire a
moving path of an OOI passing through the set reference
region.

[0120] Referring to FIG. 6(a), the ultrasound diagnostic
apparatus 100a (1005) may set a plurality of regions as ref-
erence regions. Here, the plurality of regions may be a point,
aline, and a region, and may be displayed in different colors.
[0121] Forexample, as illustrated in FIG. 6(a), first to third
regions 610, 620 and 630 may be displayed in different col-
ors.

[0122] The ultrasound diagnostic apparatus 100a (1005)
may acquire a moving path of a moving OOI with respect to
each of the plurality of regions. For example, as illustrated in
FIG. 6(b), the ultrasound diagnostic apparatus 100a (1005)
may trace a moving path of an OOI flowing out from each
region to acquire moving paths 615, 625 and 635, based on
movement information of the OOI, and display the acquired
moving paths 615, 625 and 635.

[0123] In this case, each of the moving paths 615, 625 and
635 of the OOIs may be displayed in a color corresponding to
a corresponding reference region, and a concentration of the
color may be changed based on a volume of a corresponding
OOI. Also, when the moving paths overlap, the overlapped
region may be displayed in a mixed color of colors of the
moving paths.

[0124] The ultrasound diagnostic apparatus 100a (1005)
may reversely trace a moving path of a moving OOl with
respect to a set reference region (for example, a point, a line,
or a region).
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[0125] Asillustrated in FIG. 7(a), when a second point 710
in an ultrasound image is selected, the ultrasound diagnostic
apparatus 100a (1005) may reversely trace a moving path of
a moving OOI with respect to the second point 710. For
example, as illustrated in FIG. 7(b), the ultrasound diagnostic
apparatus 1004 (1005) may reversely trace a moving path of
an OOI flowing out from the second point 710 on the basis of
movement information of the OOI, and display the traced
moving path 720.

[0126] In this case, the moving path 720 of the OOI may be
displayed in a color, which may be set by a user input. Also,
a concentration of the color may be changed according to a
volume of the OOL. That is, a region where the volume of the
OO0l is high may be displayed in a deep color, and a region
where the volume of the OOI is low may be displayed in a
deep color.

[0127] As described above, since the moving path 720 of
the OOI flowing into the second point 710 is displayed, a user
easily determines which region of a target object the OOI
flowing into the second point 710 reaches the second point
710 via.

[0128] Moreover, as illustrated in FIG. 8, when a moving
path of an OOI flowing into a second point 810 is provided in
plurality, the ultrasound diagnostic apparatus 100a (1005)
may display moving paths 821 and 822. Here, the moving
paths 821 and 822 may be displayed in different colors, and
colors of the moving paths 821 and 822 may be set according
to a user input. For example, a first moving path 821 may be
displayed in the first color (illustrated as a triangle in FIG.
8(?)), and a second moving path 822 may be displayed in the
second color (illustrated as a circle in FIG. 8(5)).

[0129] Moreover, when the first moving path 821 of an OOI
flowing into the second point 810 overlaps the moving path
822 (which differs from the first moving path) of the OQOI
flowing into the second point 810, the ultrasound diagnostic
apparatus 1004 (1005) may display the overlapped region in
a mixed color of the first and second colors. For example,
when the first color is red and the second color is yellow, the
ultrasound diagnostic apparatus 100a (1005) may display the
overlapped region in an orange color.

[0130] Moreover, theultrasound diagnostic apparatus 100a
(1005) may display a volume of an OOI in an overlapped
region. For example, in a region where the first and second
moving paths overlap, the ultrasound diagnostic apparatus
1004 (1005) may display, as numerical values, a volume of an
OOI having the first moving path and a volume of an OOI
having the second moving path, or the ultrasound diagnostic
apparatus 100a (1005) may display a ratio of the volumes as
a numerical value.

[0131] Alternatively, a mixed color of an overlapped region
may be changed based on the ratio of the volume of the OOI
having the first moving path and the volume of the OOI
having the second moving path. For example, when the vol-
ume of the OOI having the first moving path is greater than the
volume of the OOI having the second moving path, the over-
lapped region may be displayed in a mixed color in which a
mixing ratio of the first color is higher than that of the second
color.

[0132] As described above, according to the one or more of
the above embodiments of the present invention, by display-
ing a moving path of an QOI passing through a reference
region, a user easily determines the moving path of the OOI
passing through the reference region.
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[0133] Moreover, the user quickly determines a part
affected by the OOL

[0134] Therefore, an accuracy of a diagnosis of the OOI
increases.
[0135] The ultrasound diagnostic apparatus and the oper-

ating method thereof according to embodiments of the
present invention may also be embodied as computer read-
able codes on a computer readable recording medium. The
computer readable recording medium is any data storage
device that can store data which can be thereafter read by a
computer system. Examples of the computer readable record-
ing medium include read-only memory (ROM), random-ac-
cess memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, and optical data storage. The computer readable
recording medium can also be distributed over network
coupled computer systems so that the computer readable code
may be stored and executed in a distributed fashion.

[0136] Itshould be understood that the exemplary embodi-
ments 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.

[0137] While one or more embodiments of the present
invention have been described with reference to the figures, 1t
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 of the present
invention as defined by the following claims.

What is claimed is:

1. A method of operating an ultrasound diagnostic appara-
tus, the method comprising:

displaying an ultrasound image of a target object;

receiving an ultrasound signal obtained from a moving

object of interest (OOI) included in the target object;
setting a first reference region in the ultrasound image;
acquiring first moving path information of the OOI passing
through the first reference region, based on the received
ultrasound signal; and

displaying the first moving path in the ultrasound image,

based on the first moving path information.

2. The method of claim 1, wherein the setting of the first
reference region comprises setting, as the first reference
region, at least one of a point, a line, and a region in the
ultrasound image.

3. The method of claim 1, further comprising:

setting a second reference region in the ultrasound image;

acquiring second moving path information of the OOI

passing through the second reference region, based on
the received ultrasound signal; and

displaying the second moving path to be identifiable from

the first moving path, based on the second moving path
information.

4. The method of claim 3, wherein the displaying of the
second moving path comprises displaying the first and second
moving paths in different colors.

5. The method of claim 4, wherein the displaying of the
second moving path comprises, when the first and second
moving paths overlap, displaying the overlapped region in a
mixed color of a first color corresponding to the first moving
path and a second color corresponding to the second moving
path.

6. The method of claim 4, wherein the displaying of the
second moving path comprises, when the first and second
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moving paths overlap, displaying a ratio of a volume of an
OOl corresponding to the first moving path and a volume of
an OOI corresponding to the second moving path, in the
overlapped region.

7. The method of claim 1, wherein the acquiring of the first
moving path information comprises tracing a moving path of
the OOI flowing out from the first reference region to acquire
the first moving path information.

8. The method of claim 1, wherein the acquiring of the first
moving path information comprises reversely tracing a mov-
ing path of the OOI flowing into the first reference region to
acquire the first moving path information.

9. The method of claim 8, wherein the displaying of the first
moving path comprises displaying a start region of the first
moving path.

10. An ultrasound diagnostic apparatus comprising:

adisplay unit that displays an ultrasound image of a target

object;

an ultrasound signal receiving unit that receives an ultra-

sound signal obtained from a moving object of interest
(O0]) included in the target object;

a reference region setting unit that sets a first reference

region in the ultrasound image; and
adata processing unit that acquires first moving path infor-
mation of the OOI passing through the first reference
region, based on the received ultrasound signal,

wherein the display unit displays the first moving path in
the ultrasound image, based on the first moving path
information.

11. The ultrasound diagnostic apparatus of claim 10,
wherein the reference region setting unit sets, as the first
reference region, at least one of a point, a line, and a region in
the ultrasound image.

12. The ultrasound diagnostic apparatus of claim 10,
wherein,

the reference region setting unit sets a second reference

region in the ultrasound image,
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the data processing unit acquires second moving path
information of the OOI passing through the second ref-
erence region, based on the received ultrasound signal,
and

the display unit displays the second moving path to be
identifiable from the first moving path, based on the
second moving path information.

13. The ultrasound diagnostic apparatus of claim 12,
wherein the display unit displays the first and second moving
paths in different colors.

14. The ultrasound diagnostic apparatus of claim 13,
wherein when the first and second moving paths overlap, the
display unit displays the overlapped region in a mixed color of
a first color corresponding to the first moving path and a
second color corresponding to the second moving path.

15. The ultrasound diagnostic apparatus of claim 13,
wherein when the first and second moving paths overlap, the
display unit displays a ratio of a volume of an OOI corre-
sponding to the first moving path and a volume of an OOI
corresponding to the second moving path, in the overlapped
region.

16. The ultrasound diagnostic apparatus of claim 10,
wherein the data processing unit traces a moving path of the
OOl flowing out from the first reference region to acquire the
first moving path information.

17. The ultrasound diagnostic apparatus of claim 10,
wherein the data processing unit reversely traces a moving
path of the OOI flowing into the first reference region to
acquire the first moving path information.

18. The ultrasound diagnostic apparatus of claim 10,
wherein the display unit displays a start region of the first
moving path.

19. A non-transitory computer-readable storage medium
storing a program for executing the method of claim 1.
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