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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2015-0014590, filed on Janu-
ary 29, 2015, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its en-
tirety by reference.

BACKGROUND
1. Field

[0002] The presentdisclosurerelates to ultrasound ap-
paratuses and methods of operating the same, and more
particularly, to ultrasound apparatuses for setting a sam-
ple volume gate in order to perform Doppler diagnosis,
and methods of operating the same.

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] Exemplary embodiments may reduce a
processing time of ultrasound apparatuses and simplify
a user’s manipulation by obtaining an ultrasound image
one time and providing a plurality of Doppler spectrums.
[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] Accordingto anaspectofanexemplary embod-
iment, an ultrasound apparatus includes: a data obtaining
unit configured to obtain ultrasound data of an object; a
controller configured to generate an ultrasound image
based on the ultrasound data, obtain blood flow informa-
tion of the object by using a Doppler component obtained
from the ultrasound data, and set a plurality of sample
volume gates based on the blood flow information; and
a display configured to display the ultrasound image in
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which the plurality of sample volume gates are displayed.
[0007] The apparatus may further include: a user in-
terface configured to receive a user input for setting at
least one sample volume gate from among the plurality
of sample volume gates at a predetermined location of
the object displayed on the ultrasound image, wherein
the controller may set the at least one sample volume
gate based on the user input.

[0008] The user input may include at least one of an
input for setting an interested region on the ultrasound
image and an input for setting an interested location of
the at least one sample volume gate in the interested
region.

[0009] The inputfor setting the interested location may
include at least one of an input for moving the interested
location to at least one scan line displayed on the ultra-
sound image, an input for setting a scan depth of the at
least one scan line in response to the interested location,
and an input for setting an angle of a sample volume gate
that corresponds to a stream line corresponding to blood
flow of the object.

[0010] The controller may obtain the blood flow infor-
mation by using vector information representing blood
flow velocity and direction of the object.

[0011] The blood flow information may include at least
one of the blood flow velocity, a blood flow amount, a
blood flow pressure, and a blood flow angle.

[0012] The controller may estimate a stream line cor-
responding to the blood flow by using the vector informa-
tion, and set a point having a maximum magnitude of a
blood flow velocity on the stream line to a first candidate
sample volume gate.

[0013] The controller may set a point having a mini-
mum magnitude of a blood flow velocity inside the inter-
ested region of the ultrasound image to a second candi-
date sample volume gate based on the stream line and
the first candidate sample volume gate.

[0014] The controller may set points separated by a
predetermined distance according to a number of re-
quired sample volume gates to a plurality of candidate
sample volume gates based on the stream line and the
first candidate sample volume gate.

[0015] The display may display the ultrasound image
in which the first candidate sample volume gate and the
second candidate sample volume gate are displayed.
[0016] The apparatus may further include: a user in-
terface configured toreceive a user input that determines
at least one of the first candidate sample volume gate
and the second candidate sample volume gate as the at
least one sample volume gate.

[0017] The user interface may receive a user input for
adjusting at least one of the first candidate sample vol-
ume gate and the second candidate sample volume gate.

[0018] The object may include the carotid or the renal
artery.
[0019] The controller may set a first sample volume

gate at a predetermined location of the carotid on the
ultrasound image in response to a maximum constriction
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point from among a constriction portion of the carotid.
[0020] The display may display a plurality of Doppler
spectrums respectively corresponding to the plurality of
sample volume gates.

[0021] The plurality of Doppler spectrums may have
the same time information.

[0022] The user interface may receive an input for se-
lecting a first sample volume gate from among the plu-
rality of sample volume gates, and the display may dis-
play a first Doppler spectrum corresponding to the first
sample volume gate.

[0023] According to an aspect of another exemplary
embodiment, an ultrasound apparatus includes: a dis-
play configured to display an ultrasound image obtained
from ultrasound data of an object; a user interface con-
figured to receive a user input for setting at least one of
a plurality of sample volume gates corresponding to an
interested location of the object at a predetermined loca-
tion of the object displayed on the ultrasound image; and
a controller configured to set the at least one sample
volume gate based on the user input.

[0024] According to an aspect of another exemplary
embodiment, a method of operating an ultrasound appa-
ratus includes: obtaining ultrasound data of an object,
and generating an ultrasound image based on the ultra-
sound data; obtaining blood flow information of the object
by using a Doppler component obtained from the ultra-
sound data; setting a plurality of sample volume gates
based on the blood flow information; and displaying the
ultrasound image in which the plurality of sample volume
gates are displayed.

[0025] The method may further include: receiving a us-
er input for setting at least one sample volume gate from
among the plurality of sample volume gates at a prede-
termined location of the object displayed on the ultra-
sound image, wherein the setting of the plurality of sam-
ple volume gates may include: setting the at least one
sample volume gate based on the user input.

[0026] The receiving of the user input may include: re-
ceiving at least one of an input for setting an interested
region on the ultrasound image and an input for setting
an interested location of the at least one sample volume
gate in the interested region.

[0027] The receiving of the user input may include: re-
ceiving at least one of an input for moving the interested
location to at least one scan line displayed on the ultra-
sound image, an input for setting a scan depth of the at
least one scan line in response to the interested location,
and an input for setting an angle of at least one sample
volume gate that corresponds to a stream line corre-
sponding to blood flow of the object.

[0028] The obtaining of the blood flow information of
the object may include: obtaining the blood flow informa-
tion by using vector information representing blood flow
velocity and direction of the object.

[0029] The setting of the plurality of sample volume
gates may include: estimating a stream line correspond-
ing to the blood flow by using the vector information, and

10

15

20

25

30

35

40

45

50

55

setting a point having a maximum magnitude of a blood
flow velocity on the stream line to a first candidate sample
volume gate.

[0030] The setting of the plurality of sample volume
gates may include: setting a point having a minimum
magnitude of a blood flow velocity or a point separated
by a predetermined distance from the first candidate
sample volume gate inside the interested region of the
ultrasound image to a second candidate sample volume
gate based on the stream line and the first candidate
sample volume gate.

[0031] The method may further include: displaying the
ultrasound image in which the first candidate sample vol-
ume gate and the second candidate sample volume gate
are displayed.

[0032] The method may furtherinclude: receiving a us-
er input that determines at least one of the first candidate
sample volume gate and the second candidate sample
volume gate as at least one sample volume gate of the
plurality of sample volume gates.

[0033] The method may furtherinclude: receiving a us-
er input for adjusting at least one of the first candidate
sample volume gate and the second candidate sample
volume gate.

[0034] According to an aspect of another exemplary
embodiment, a method of operating an ultrasound appa-
ratus includes: displaying an ultrasound image obtained
from ultrasound data of an object; receiving a user input
for setting at least one of a plurality of sample volume
gates corresponding to an interested location of the ob-
ject at a predetermined location of the object displayed
on the ultrasound image; and setting the at least one
sample volume gate based on the user input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Embodiments of the invention now will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which reference numerals de-
note structural elements.

FIG. 1 is a block diagram illustrating a configuration
of an ultrasound diagnosis apparatus according to
an exemplary embodiment;

FIG. 2 is a block diagram illustrating a configuration
of a wireless probe according to an exemplary em-
bodiment;

FIG. 3Ais a block diagramiillustrating a configuration
of an ultrasound apparatus according to an exem-
plary embodiment;

FIG. 3Bis a block diagramillustrating a configuration
of an ultrasound apparatus according to another ex-
emplary embodiment;

FIG.3Cis ablock diagramiillustrating a configuration
of an ultrasound apparatus according to another ex-
emplary embodiment;

FIG. 4 is aflowchartillustrating a method of operating
an ultrasound apparatus, according to an exemplary
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embodiment;

FIG. 5 is a flowchart illustrating a method of setting
a sample volume gate, according to an exemplary
embodiment;

FIG. 6 is a diagram for explaining a screen that dis-
plays an ultrasound image in an ultrasound appara-
tus, according to an exemplary embodiment;

FIG. 7 is a diagram for explaining a screen that dis-
plays a sample volume gate at a predetermined lo-
cation of an object displayed on an ultrasoundimage,
according to an exemplary embodiment;

FIG. 8 is a diagram for explaining a screen that sets
a sample volume gate at a predetermined location
of an object displayed on an ultrasound image, ac-
cording to an exemplary embodiment;

FIG. 9 is a diagram for explaining a screen that sets
a sample volume gate at a predetermined location
of an object displayed on an ultrasound image, ac-
cording to another exemplary embodiment;

FIG. 10is a diagram for explaining a screen that sets
a sample volume gate, according to an exemplary
embodiment;

FIG. 11is adiagram for explaining a screen provided
by an ultrasound apparatus, according to an exem-
plary embodiment;

FIG. 12 is a flowchart illustrating a method of oper-
ating an ultrasound apparatus, according to another
exemplary embodiment;

FIG. 13A is a diagram illustrating setting a sample
volume gate in order to diagnose a carotid artery
stenosis, according to an exemplary embodiment;
FIG. 13B is a diagram illustrating a screen that dis-
plays a graph related to a carotid artery stenosis,
according to an exemplary embodiment;

FIG. 13C is a diagram illustrating a screen that dis-
plays a graph related to a carotid artery stenosis,
according to another exemplary embodiment;

FIG. 14 is a diagramiillustrating setting a sample vol-
ume gate in order to diagnose arenal artery stenosis,
according to an exemplary embodiment;

FIG. 15 is a diagram illustrating a screen that sets a
candidate sample volume gate on an ultrasound im-
age, according to an exemplary embodiment;

FIG. 16 is a diagram illustrating a screen that sets a
candidate sample volume gate on an ultrasound im-
age, according to another exemplary embodiment;
FIG. 17 is a diagram illustrating a screen that sets a
candidate sample volume gate on an ultrasound im-
age, according to another exemplary embodiment;
and

FIG. 18 is a diagram illustrating a screen that sets a
candidate sample volume gate on an ultrasound im-
age, according to another exemplary embodiment.

DETAILED DESCRIPTION

[0036] The terms used in this specification are those
general terms currently widely used in the art in consid-
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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.

[0037] When a part "includes" or "comprises" an ele-
ment, unless there is a particular description contrary
thereto, the part can further include other elements, not
excluding the other elements. In addition, terms such as
"...unit","... module", or the like refer to units that perform
at least one function or operation, and the units may be
implemented as hardware or software or as a combina-
tion of hardware and software. Also, the term "unit" in the
embodiments of the present disclosure 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.

[0038] However, the term "unit" is not limited to soft-
ware 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, forexample,
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.

[0039] 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".

[0040] While such terms as "first," "second," etc., may
be used to describe various components, such compo-
nents must not be limited to the above terms. The above
terms are used only to distinguish one component from
another. For example, a first component may be referred
to as a second component without departing from the
scope of the inventive concept, and similarly, the second
component may be referred to as the first component. A
term "and/or" includes a combination of a plurality of re-
lated described items or includes one of a plurality of
related described items.

[0041] Throughout the specification, an "image" may
denote multi-dimensional data including discrete image
elements (for example, pixels in a two-dimensional (2D)
image, and voxels in a three-dimensional (3D) image).
[0042] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is obtained
using ultrasound waves. An ultrasound image may de-
note an image obtained by irradiating an ultrasound sig-
nal generated from a transducer of a probe to an object
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and receiving information of an echo signal reflected by
the object. Also, an ultrasound image may be implement-
ed variously, and for example, the ultrasound image may
be at least one of an amplitude (A) mode image, a bright-
ness (B) mode image, a color (C) mode image, and a
Doppler (D) mode image, and also the ultrasound image
may be a 2D image or a 3D image.

[0043] 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.

[0044] 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.

[0045] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0046] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. In this regard, the present embodi-
ments may have different forms and should not be con-
strued as being limited to the descriptions set forth herein.
[0047] FIG. 1 is a block diagram showing a configura-
tion ofan ultrasound diagnosis apparatus 1000 according
to an embodiment.

[0048] Referring to FIG. 1, the ultrasound diagnosis
apparatus 1000 may include a probe 20, an ultrasound
transceiver 1100, an image processor 1200, a commu-
nication module 1300, a display 1400, a memory 1500,
an input device 1600, and a controller 1700, which may
be connected to one another via buses 1800. A person
of ordinary skill in the art will understand that other gen-
eral components may be further included besides the
components illustrated in FIG. 1.

[0049] The ultrasound diagnosis apparatus 1000 may
be a cart type apparatus or a portable type apparatus.
Examples of portable ultrasound diagnosis apparatuses
may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smart-
phone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0050] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
reflected by the object 10. The probe 20 includes a plu-
rality of transducers, and the plurality of transducers os-
cillate inresponse to electric signals and generate acous-
tic energy, that is, ultrasound waves. Furthermore, the
probe 20 may be connected to the main body of the ul-
trasound diagnosis apparatus 1000 by wire or wirelessly,
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and according to embodiments, the ultrasound diagnosis
apparatus 1000 may include a plurality of probes 20.
[0051] A transmitter 1110 supplies a driving signal to
the probe 20. The transmitter 110 includes a pulse gen-
erator 1112, a transmission delaying unit 1114, and a
pulser 1116. The pulse generator 1112 generates pulses
for forming transmission ultrasound waves based on a
predetermined pulse repetition frequency (PRF), and the
transmission delaying unit 1114 delays the pulses by de-
lay times necessary for determining transmission direc-
tionality. The pulses which have been delayed corre-
spond to a plurality of piezoelectric vibrators included in
the probe 20, respectively. The pulser 1116 applies a
driving signal (or a driving pulse) to the probe 20 based
on timing corresponding to each of the pulses which have
been delayed.

[0052] A receiver 1120 generates ultrasound data by
processing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-
to-digital converter (ADC) 1124, areception delaying unit
1126, and a summing unit 1128. The amplifier 1122 am-
plifies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 1126
delays digital echo signals output by the ADC 1124 by
delay times necessary for determining reception direc-
tionality, and the summing unit 1128 generates ultra-
sound data by summing the echo signals processed by
the reception delaying unit 1126. In some embodiments,
the receiver 1120 may not include the amplifier 1122. In
other words, if the sensitivity of the probe 20 or the ca-
pability of the ADC 1124 to process bits is enhanced, the
amplifier 1122 may be omitted.

[0053] The image processor 1200 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 1100 and displays the
ultrasound image. The ultrasound image may be not only
a grayscale 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 show-
ing a movement of an object via a Doppler effect. The
Dopplerimage may be a blood flow Doppler image show-
ing flow of blood (also referred to as a color Doppler im-
age), a tissue Doppler image showing a movement of
tissue, or a spectral Doppler image showing a moving
speed of an object as a waveform.

[0054] A B mode processor 1212 extracts B mode
components from ultrasound data and processes the B
mode components. An image generator 1220 may gen-
erate an ultrasound image indicating signal intensities as
brightness based on the extracted B mode components
1212.

[0055] Similarly, a Doppler processor 1214 may ex-
tract Doppler components from ultrasound data, and the
image generator 1220 may generate a Doppler image
indicating a movement of an object as colors or wave-
forms based on the extracted Doppler components.
[0056] According to an embodiment, the image gener-
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ator 1220 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 1220 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 1500.
[0057] A display 1400 displays the generated ultra-
sound image. The display 1400 may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 1000
on a screen image via a graphical user interface (GUI).
In addition, the ultrasound diagnosis apparatus 1000 may
include two or more displays 1400 according to embod-
iments.

[0058] The display 1400 may include at least one of a
liquid crystal display, a thin film transistor-liquid crystal
display, an organic light-emitting diode, a flexible display,
a 3D display, and an electrophoretic display.

[0059] Also, in the case where the display 1400 and a
user input unit form a layer structure and configure a
touchscreen, the display 1400 may be also used as an
input unit that may receive information via a user’s touch
in addition to an output unit.

[0060] The touchscreen may be configured to detect
not only a touch input location and a touched area but
also atouch pressure. Also, the touchscreen may be con-
figured to detect not only a real-touch but also a proximity
touch.

[0061] In the present specification, a "real-touch" de-
notes a case where a pointer is actually touched on a
screen, and a "proximity-touch" denotes a case where a
pointer is not actually touched on a screen and approach-
es apart from the screen by a predetermined distance.
In the present specification, a pointer denotes a touch
tool for touching or proximity-touching a specific portion
of a displayed screen. For example, a pointer may be an
electronic pen, a finger, etc.

[0062] Though notshown, an ultrasound diagnosis ap-
paratus 1000 may have various sensors inside or in the
neighborhood of the touchscreen in order to detect a di-
rect touch or a proximity touch for the touchscreen. An
example of a sensor for detecting a touch of the touch-
screen includes a tactile sensor.

[0063] Thetactile sensordenotesasensorthatdetects
a contact of a specific object by using a degree or more
felt by a user. The tactile sensor may detect various in-
formation such as roughness of a contact plane, rigidity
of a contact object, temperature of a contact point, etc.
[0064] Also, an example of a sensor for detecting a
touch of the touchscreen includes a proximity sensor.
The proximity sensor denotes a sensor that detects ex-
istence of an object approaching a predetermined detec-
tion surface, or an object existing in the neighborhood by
using electromagnetic force or an infrared ray without a
mechanical contact.

[0065] Examples of the proximity sensor include a
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transmissive photo-electric sensor, a direct reflective
photo-electric sensor, a mirror reflective photo-electric
sensor, a high frequency oscillation type proximity sen-
sor, a capacitive proximity sensor, a magnetic proximity
sensor, an infrared proximity sensor, etc.

[0066] Inthis case, the ultrasound diagnosis apparatus
1000 according to an exemplary embodiment may dis-
play an ultrasound image of a predetermined mode and
a control panel for the ultrasound image on the touch-
screen. Also, the ultrasound diagnosis apparatus 1000
may detect a user’s touch gesture for the ultrasound im-
age via the touchscreen.

[0067] The ultrasound diagnosis apparatus 1000 ac-
cording to an exemplary embodiment may physically
have a portion of buttons frequently used by a user from
among buttons included in a control panel of the general
ultrasound apparatus, and provide the rest of the buttons
in the form of a graphical user interface (GUI) via the
touchscreen.

[0068] The communication module 1300 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 1300 may exchange data with a hospital server or
another medical apparatus in a hospital, which is con-
nected thereto via a PACS. Furthermore, the communi-
cation module 1300 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0069] The communication module 1300 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,
a magnetic resonance imaging (MRI) apparatus, or an
X-ray apparatus. Furthermore, the communication mod-
ule 1300 may receive information about a diagnosis his-
tory or medical treatment schedule of a patient from a
server and utilizes the received information to diagnose
the patient. Furthermore, the communication module
1300 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.
[0070] The communication module 1300 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 1300 may in-
clude one or more components for communication with
external devices. For example, the communication mod-
ule 1300 may include alocal area communication module
1310, a wired communication module 1320, and a mobile
communication module 1330.

[0071] The local area communication module 1310 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
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(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0072] The wired communication module 1320 refers
to a module for communication using electric signals or
optical 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.

[0073] The mobile communication module 1330 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.

[0074] The memory 1500 stores various data proc-
essed by the ultrasound diagnosis apparatus 1000. For
example, the memory 1500 may store medical data re-
lated to diagnosis of an object, such as ultrasound data
and an ultrasound image that are input or output, and
may also store algorithms or programs which are to be
executed in the ultrasound diagnosis apparatus 1000.
[0075] The memory 1500 may be any of various stor-
age media, e.g., a flash memory, a hard disk drive, EEP-
ROM, etc. Furthermore, the ultrasound diagnosis appa-
ratus 1000 may utilize web storage or a cloud server that
performs the storage function of the memory 1500 online.
[0076] The input device 1600 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 1000. The input device 1600 may
include hardware components, such as a keypad, a
mouse, a touch pad, a touch screen, and a jog switch.
However, embodiments are not limited thereto, and the
inputdevice 1600 may furtherinclude any of various other
input units including an electrocardiogram (ECG) meas-
uring module, a respiration measuring module, a voice
recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, etc.

[0077] The controller 1700 may control all operations
of the ultrasound diagnosis apparatus 1000. In other
words, the controller 1700 may control operations among
the probe 20, the ultrasound transceiver 1100, the image
processor 1200, the communication module 1300, the
display 1400, the memory 1500, and the input device
1600 shown in FIG. 1.

[0078] All or some of the probe 20, the ultrasound
transceiver 1100, the image processor 1200, the com-
munication module 1300, the display 1400, the memory
1500, the input device 1600, and the controller 1700 may
be implemented as software modules. Also, at least one
of the ultrasound transmission/reception unit 1100, the
image processor 1200, and the communication module
1300 may be included in the control unit 1600; however,
the inventive concept is not limited thereto.

[0079] FIG. 2 is a block diagram showing a configura-
tion of a wireless probe 2000 according to an embodi-
ment.
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[0080] As described above with reference to FIG. 1,
the wireless probe 2000 may include a plurality of trans-
ducers, and, according to embodiments, may include
some or all of the components of the ultrasound trans-
ceiver 100 shown in FIG. 1.

[0081] 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.

[0082] 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
apparatus 1000 shown in FIG. 1.

[0083] The wireless probe 2000 may be a smartdevice
that may perform ultrasound scanning by including a
transducer array. Specifically, the wireless probe 2000
is a smart device and obtains ultrasound data by scan-
ning an object by using the transducer array. Then, the
wireless probe 2000 may generate and/or display an ul-
trasound image by using the obtained ultrasound data.
The wireless probe 2000 may include a display, and dis-
play a screen including a user interface screen for con-
trolling at least one ultrasound image and/or a scan op-
eration of an object via the display.

[0084] While a user scans a predetermined body por-
tion of a patient, which is an object, by using the wireless
probe 2000, the wireless probe 2000 and the ultrasound
diagnosis apparatus 1000 may continuously transmit/re-
ceive predetermined data via a wireless network. Spe-
cifically, while the user scans the predetermined body
portion of the patient, which is an object, by using the
wireless probe 2000, the wireless probe 2000 may trans-
mit, in real-time, ultrasound data to the ultrasound diag-
nosis apparatus 1000 via the wireless network. While the
ultrasound scanning is continuously performed, the ul-
trasound data may be updated in real-time and transmit-
ted from the wireless probe 2000 to the ultrasound diag-
nosis apparatus 1000.

[0085] FIG. 3Ais a block diagram illustrating configu-
ration of an ultrasound apparatus 300 according to an
exemplary embodiment.

[0086] Accordingto an exemplary embodiment, the ul-
trasound apparatus 300 may include a data obtaining
unit 310, a controller 320, and a display 330. However,
not all illustrated components are not essential compo-
nents. The ultrasound apparatus 300 may be implement-
ed by using a greater number of components than a
number of illustrated components, and may be imple-
mented by a smaller number of components.

[0087] Since the data obtaining unit 310, the controller
320, and the display 330 of the ultrasound apparatus 300
may equally correspond to the ultrasound transceiver
1100, the image processor 1200, and the display 1400
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of the ultrasound diagnosis apparatus 100 illustrated in
FIG. 1, and repeated descriptions of FIG. 1 are omitted.
[0088] The data obtaining unit 310 obtains ultrasound
data of an object. For example, the ultrasound apparatus
300 may further include a probe. When a predetermined
region of the object is scanned via the probe, the probe
of the object obtains ultrasound data. The data obtaining
unit 310 obtains ultrasound data via the probe. More spe-
cifically, the probe obtains ultrasound data correspond-
ing to an ultrasound image by transmitting an ultrasound
signal to the object, and receiving an ultrasound signal
(thatis, an ultrasound echo signal) reflected by the object.
[0089] Also, the data obtaining unit 310 may obtain ul-
trasound data via the probe, but may obtain ultrasound
data from an external device physically independent of
the ultrasound apparatus 300.

[0090] Here, the external device is a device for obtain-
ing, storing, processing, or using data related to an ultra-
sound image, and may be a medical image device, a
medical server, a mobile terminal, or all computing de-
vices capable of using and processing a medical image.
For example, the external device may be a medical di-
agnosis device included inside a medical organization
such as a hospital. Also, the external device may be a
server for recording and storing a diagnosis history of a
patientincludedinside a hospital, a medical image device
required when a doctor reads a medical image in a hos-
pital, etc.

[0091] Here, the object may correspond to the carotid.
The ultrasound apparatus 300 provides an ultrasound
image obtained by using ultrasound data. A doctor may
diagnose a patient’s carotid artery stenosis via the ultra-
sound image. A flow degree of blood flow with respect
to a measurement location of the carotid is used for di-
agnosing a carotid artery stenosis. The flow degree of
blood flow may be detected based on an ultrasound im-
age obtained by the ultrasound apparatus 300. A Doppler
flow velocity may be a criterion in diagnosing a carotid
artery stenosis. The ultrasound apparatus 300 may set
a sample volume gate at a predetermined location of the
carotid on the ultrasound image, and provide a Doppler
spectrum for the sample volume gate. A blood flow ve-
locity of the carotid may be obtained from the Doppler
spectrum.

[0092] Also, an object may correspond to the renal ar-
tery. The ultrasound apparatus 300 provides an ultra-
sound image obtained by using ultrasound data. A doctor
may diagnose a patient’s renal artery stenosis via the
ultrasound image. The ultrasound apparatus 300 may
set a sample volume gate at a predetermined location of
the renal artery on the ultrasound image, and provide a
Doppler spectrum for the sample volume gate.

[0093] The controller 320 generates an ultrasound im-
age based on ultrasound data. The controller 320 pro-
vides a B (brightness) mode image showing a reflection
coefficient of an ultrasound signal (that is, an ultrasound
echo signal) reflected by an object in a 2D image, a Dop-
pler spectrum image showing a velocity of a moving ob-
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ject in a Doppler spectrum by using a Doppler effect, a
color Doppler image showing velocity and direction of a
moving object in a color by using a Doppler effect, an
elasticity image showing a reaction difference between
a case of applying compression to an object and a case
of not applying compression to the object, etc. Here, the
color Doppler image shows a flow degree of blood flow
in a corresponding color, and may be usefully used in
verifying a disease of a blood vessel.

[0094] The controller 320 obtains blood flow informa-
tion of an object by using a Doppler component obtained
from ultrasound data. Here, the blood flow information
may include at least one of the blood flow velocity, a blood
flow amount, a blood flow pressure, and a blood flow
angle. The controller 320 may set a plurality of sample
volume gates based on the blood flow information.
[0095] The controller 320 may obtain the blood flow
information by using vector information representing
blood flow velocity and direction of an object. Specifically,
the controller 320 may obtain the vector information by
using a vector Doppler method. The vector Doppler meth-
od includes a cross beam-based method and a plane
wave-based method, and is not limited thereto. The cross
beam-based method obtains a vector having a 2D or 3D
direction and magnitude information by obtaining velocity
magnitude components from two or more other directions
and combining the same. When the plane wave-based
Doppler technology is used, the controller 320 may obtain
blood flow information, and obtain, at a time, a plurality
of points at which sample volume gates may be set.
Therefore, the controller 320 may obtain a plurality of
Doppler spectrums even without repeatedly obtaining an
ultrasound image.

[0096] The controller 320 may estimate a stream line
corresponding to blood flow by using vector information,
and set a point having a maximum magnitude of a blood
flow velocity on the stream line to a first sample volume
gate. Also, the controller 320 may set a second sample
volume gate according to a predetermined criterion
based on the stream line and the first sample volume
gate. Here, the predetermined criterion includes setting
a point having a minimum magnitude of a blood flow ve-
locity inside an interested region of an ultrasound image
and/or a point at which a magnitude of a blood flow ve-
locity is less than a predetermined criterion value to a
second sample volume gate. The above-mentioned pre-
determined criterion may include a criterion within a
range easily changeable by a person of ordinary skill in
the art. For example, in the case of the carotid, the con-
troller 320 may set a sample volume gate at a point sep-
arated by 1 cm from a common carotid artery (CCA) start
point.

[0097] Specifically, in the case where an object is the
carotid, the controller 320 may set a first sample volume
gate at a predetermined location of a constriction portion
in response to a location of a maximum constriction point
from among the constriction portion of the carotid. Here,
the first sample volume gate may be set at a location
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corresponding to a point having a fastest blood flow ve-
locity. The controller 320 may set a second sample vol-
ume gate besides the first sample volume gate. The sec-
ond sample volume gate may be located on a continuous
line of blood flow at which the first sample volume gate
is located, and set at a location where a change in a
velocity on the continuous line is less than a predeter-
mined criterion value.

[0098] Also, the controller 320 controls the display 330
to display a predetermined screen. The display 330 al-
lows a user or a patient to visually recognize a predeter-
mined image or information by displaying the predeter-
mined image. The display may correspond to the display
330 illustrated in FIG. 1, and may be a separate compo-
nent independent of the ultrasound diagnosis apparatus
illustrated in FIG. 1.

[0099] The display 330 displays a predetermined
screen. Specifically, the display 330 displays a predeter-
mined screen under control of the controller 320. The
display 330 may include a display panel (not shown), and
display a user interface screen, a medical image screen,
etc. on the display panel.

[0100] The display 330 displays an ultrasound image
in which a plurality of sample gates are displayed. For
example, the display 330 displays an ultrasound image
in which a first sample volume gate and a second sample
volume gate are displayed.

[0101] Also, the display 330 displays a plurality of Dop-
pler spectrums respectively corresponding to a plurality
of sample gates. Here, the plurality of Doppler spectrums
have the same time information.

[0102] FIG. 3B is a block diagram illustrating configu-
ration of an ultrasound apparatus 300 according to an-
other exemplary embodiment.

[0103] Theultrasound apparatus 300 illustrated in FIG.
3B may further include a user interface 340 compared
with the ultrasound apparatus 300 illustrated in FIG. 3A.
[0104] Referring to FIG. 3B, since the data obtaining
unit 310, the controller 320, and the display 330 of the
ultrasound apparatus 300 equally correspond to the data
obtaining unit 310, the controller 320, and the display 330
of the ultrasound apparatus 300, respectively, described
with reference to FIG. 3A, repeated descriptions of FIG.
3A are omitted.

[0105] The user interface 340 denotes a device that
receives data for controlling the ultrasound apparatus
300fromauser. The userinterface 340 may include hard-
ware configurations such as a keypad, a mouse, a touch
panel, a touchscreen, a track ball, and a jog switch, but
is not limited thereto. Also, the user interface 340 may
further include various input units such as a voice recog-
nition sensor, a gesture recognition sensor, a fingerprint
recognition sensor, an iris recognition sensor, a depth
sensor, and a distance sensor.

[0106] The userinterface 340 receives a user input for
setting at least one sample volume gate from among a
plurality of sample volume gates at a predetermined lo-
cation of an object displayed on an ultrasound image.
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The controller 320 sets at least one sample volume gate
based on the user input.

[0107] Theuserinterface 340 may generate and output
a screen of the user interface 340 for receiving a prede-
termined command or data from a user. For example,
the user interface 340 may generate and output a screen
for setting at least one of an input for setting an interested
region on an ultrasound image and an input for setting
an interested location of at least one sample volume gate
in the interested region.

[0108] Also, the user interface 340 may receive a pre-
determined command or data from a user via the screen
of the user interface 340. For example, the user interface
340 may receive at least one of an input for moving an
interested location to at least one scan line displayed on
an ultrasound image, an input for setting a scan depth of
at least one scan line in response to the interested loca-
tion, and an input for setting an angle of a sample volume
gate that corresponds to a stream line corresponding to
blood flow of an object on a screen for setting the inter-
ested location. More specifically, the screen of the user
interface 340 may receive a manipulation signal by a us-
er’s touch input via various input tools. The screen of the
user interface 340 may receive a drag and drop signal
of a scan line displayed on the screen and move the scan
line by using a user’s hand or a physical tool.

[0109] Obtaining a plurality of repeated ultrasound im-
ages may be avoided and an accurate diagnosis may be
induced by adjusting so that a sample volume gate may
be located on a correct location of an object via the user
interface 340.

[0110] A user may visually recognize predetermined
information by viewing the screen of the user interface
340 displayed via the display 330, and input a predeter-
mined command or data via the user interface 340. For
example, the user interface 340 may include a touchpad.
Specifically, the user interface 340 may include a touch-
pad coupled with a display panel included in the display
330. In this case, the screen of the user interface 340 is
output on the display panel. When a predetermined com-
mand is input via the screen of the user interface 340,
the touchpad detects the predetermined command and
transmits detected information to the controller 320.
Then, the controller 320 may recognize and execute a
predetermined command input by a user by analyzing
the detected information.

[0111] The controller 320 may estimate a stream line
corresponding to blood flow by using vector information
representing velocity and direction of blood flow of an
object. The controller 320 may set a point having a max-
imum magnitude of a blood flow velocity on the stream
line to a first candidate sample volume gate. Also, the
controller 320 may set a second candidate sample vol-
ume gate based on the stream line and the first candidate
sample volume gate. Specifically, the controller 320 may
set a point having a minimum magnitude of a blood flow
velocity inside an interested region of an ultrasound im-
age to the second candidate sample volume gate. A per-
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son of ordinary skill in the art will understand that a can-
didate sample volume gate may be set at a point having
another clinical meaning (for example, in the case of the
carotid, a point separated by 1 cm from a CCA start point)
besides the point having the minimum magnitude of the
blood flow velocity.

[0112] The display 330 may display an ultrasound im-
age in which the first candidate sample volume gate and
the second candidate sample volume gate are displayed.
Here, the user interface 340 may receive a user input for
adjusting at least one of the first candidate sample vol-
ume gate and the second candidate sample volume gate
displayed on the display 330. Also, the user interface 340
may receive a user input that has determined at least
one of the first candidate sample volume gate and the
second candidate sample volume gate as a sample vol-
ume gate.

[0113] Also, the user interface 340 may receive an in-
put of selecting the first sample volume gate from among
the plurality of sample volume gates, and the display 330
may display a first Doppler spectrum corresponding to
the first sample volume gate.

[0114] Also, the ultrasound apparatus 300 may further
include a storage unit (not shown) and a communication
module (not shown). The storage unit (not shown) may
equally correspond to the memory 1500 of FIG. 1, and
the communication module (not show) may equally cor-
respond to the communication module 1300 of FIG. 1.
The storage unit (not shown) may store data (for exam-
ple, an ultrasound image, ultrasound data, scan-related
data, a patient’s diagnosis data, etc.) related to an ultra-
sound image, data transmitted from an external device
to the ultrasound apparatus 300, etc. The data transmit-
ted from the external device may include patient-related
information, data required for diagnosis and treatment of
a patient, a patient’s previous treatment history, a med-
ical work list corresponding to a diagnosis instruction for
a patient, etc.

[0115] The communication module (not shown) may
receive and/or transmit data from/to an external device.
For example, the communication module may be con-
nected with a wireless probe or an external device via a
communication network that complies with WiFi or WiFi-
direct. Specifically, a wireless communion network which
the communication module may access includes a wire-
less local area network (LAN), a WiFi, Bluetooth, Zigbee,
WiFi-direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluethooth low energy (BLE), near
field communication (NFC), etc., and is not limited there-
to.

[0116] The ultrasound apparatus 300 may set a plu-
rality of sample volume gates corresponding to an inter-
ested location of an object, and provide a Doppler spec-
trum for the plurality of sample volume gates by using an
ultrasound image obtained one time.

[0117] The ultrasound apparatus 300 may generally
control operations of the data obtaining unit 310, the con-
troller 320, the display 330, and the user interface 340
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by including a central operating processor. The central
operating processor may include an array of a plurality
of logic gates, and include a combination of a general-
purpose microprocessor and a memory that stores a pro-
gram executable by the microprocessor. Also, a person
of ordinary skill in the art will understand that the central
operating processor may include hardware of other
forms.

[0118] FIG. 3C is a block diagram illustrating configu-
ration of an ultrasound apparatus 300 according to still
another exemplary embodiment.

[0119] According to an exemplary embodiment, the ul-
trasound apparatus 300 may include the controller 320,
the display 330, and the user interface 340.

[0120] Since the controller 320, the display 330, and
the user interface 340 illustrated in FIG. 3C may equally
correspond to the controller 320, and the display 330
illustrated in FIG. 3A and the controller 320, the display
330, and the user interface 340 illustrated in FIG. 3B,
repeated descriptions are omitted.

[0121] The userinterface 340 receives a user input for
setting at least one of a plurality of sample volume gates
corresponding to an interested location of an object at a
predetermined location of the object displayed on an ul-
trasound image.

[0122] The controller 320 sets at least one sample vol-
ume gate based on the user input.

[0123] The display 330 displays an ultrasound image
obtained from ultrasound data. The display 330 displays
the ultrasound image in which a plurality of sample vol-
ume gates are displayed.

[0124] Hereinafter, various operations or applications
performed by the ultrasound apparatus 300 are de-
scribed, and even when a certain componentis not spec-
ified among the data obtaining unit 310, the controller
320, the display 330, and the user interface 340, content
of a degree which a person of ordinary skill in the art may
clearly understand and expect may be understood as
general implementation, and the scope of the inventive
concept is not limited by a name of a specific component
or a physical/logical structure.

[0125] FIG. 4is aflowchart illustrating a method of op-
erating an ultrasound apparatus 300 according to an ex-
emplary embodiment.

[0126] In operation S410 of FIG. 4, the ultrasound ap-
paratus 300 obtains ultrasound data of an object. Here,
the ultrasound data may be obtained from the ultrasound
apparatus 300, and obtained by receiving the ultrasound
data from an external device. The obtaining of the ultra-
sound data from the ultrasound apparatus 300 includes
transmitting an ultrasound signal to an object and receiv-
ing an ultrasound signal reflected by the object. Here,
the external device may be a storage unit. The storage
unit includes all of a hard disk drive (HDD), read only
memory (ROM), random access memory (RAM), flash
memory, and a memory card.

[0127] In operation S420, the ultrasound apparatus
300 obtains blood flow information of an object from ul-
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trasound data. Here, the blood flow information may in-
clude at least one of a blood flow velocity, a blood flow
amount, a blood flow pressure, and a blood flow angle.
The ultrasound apparatus 300 may obtain the blood flow
information by using vector information representing
blood flow velocity and direction of an object.

[0128] In operation S430, the ultrasound apparatus
300 sets a plurality of sample volume gates based on the
blood flow information. The ultrasound apparatus 300
may set a point having a maximum blood flow velocity to
a first sample volume gate by using the vector informa-
tion, and set a point moved by a predetermined distance
or angle from the first sample volume gate, to a second
sample volume gate. As described above, when the ul-
trasound data is obtained, the ultrasound apparatus 300
may set a plurality of sample volume gates.

[0129] Also, the ultrasound apparatus 300 may set a
plurality of candidate sample volume gates and configure
and display, on a screen, an ultrasound image in which
the plurality of candidate sample volume gates are dis-
played. The ultrasound apparatus 300 may set a plurality
of sample volume gates by receiving an input of correct-
ing at least one of the plurality of candidate sample vol-
ume gates, and an input of determining a sample volume
gate. A process of setting a sample volume gate by using
a candidate sample volume gates is described with ref-
erence to FIG. 5.

[0130] In operation S440, the ultrasound apparatus
300 displays an ultrasound image in which a plurality of
sample volume gates are displayed. Also, the ultrasound
apparatus 300 may display a plurality of Doppler spec-
trums thatrespectively correspond to the plurality of sam-
ple volume gates. Here, the plurality of Doppler spec-
trums have the same time information.

[0131] Also, the ultrasound apparatus 300 may receive
a first sample volume gate from among the plurality of
sample volume gates, and display a first Doppler spec-
trum corresponding to the first sample volume gate.
[0132] FIG. 5is aflowchartillustrating a method of set-
ting a sample volume gate according to an exemplary
embodiment.

[0133] In operation S510 of FIG. 5, the ultrasound ap-
paratus 300 estimates a stream line corresponding to
blood flow by using vector information of an object.
[0134] In operation S520, the ultrasound apparatus
300 sets a point having a maximum magnitude of a blood
flow velocity on the stream line to a first candidate sample
volume gate.

[0135] In operation S530, the ultrasound apparatus
300 sets a second candidate sample volume gate based
on the stream line and the first candidate sample volume
gate. The ultrasound apparatus 300 may set a point
where a magnitude of a blood flow velocity is less than
a predetermined criterion value to the second candidate
sample volume gate. For another example, the ultra-
sound apparatus 300 may set a point having a minimum
magnitude of a blood flow velocity inside an interested
region of an ultrasound image to the second candidate
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sample volume gate. A person of ordinary skill in the art
willunderstand that a candidate sample volume gate may
be set at a point having another clinical meaning (for ex-
ample, in the case of the carotid, a point separated by 1
cm from a CCA start point) besides the point having the
minimum magnitude of the blood flow velocity.

[0136] In operation S540, the ultrasound apparatus
300 sets a plurality of sample volume gates by using a
plurality of candidate sample volume gates. Specifically,
the ultrasound apparatus 300 may receive an input of
adjusting at least one of the first candidate sample vol-
ume gate and the second candidate sample volume gate.
Also, the ultrasound apparatus 300 may receive a user
input that has determined at least one of the first candi-
date sample volume gate and the second candidate sam-
ple volume gate as the plurality of sample volume gates.
[0137] FIG. 6 is a diagram for explaining a screen that
displays an ultrasound image in an ultrasound apparatus
300 according to an exemplary embodiment.

[0138] The ultrasound apparatus 300 generates an ul-
trasound image by using ultrasound data. As an example
of amode (referred to as acomposite mode) thatprovides
a plurality of ultrasound images, the ultrasound appara-
tus 300 includes a brightness (B)-mode for providing a
B-mode image, a color (C)-Doppler mode or power
[0139] (P)-Doppler mode for providing a color flow im-
age, and a Doppler (D)-mode for providing a Doppler
spectrum. Here, the color flow image includes a color
Doppler image and a power Doppler image.

[0140] Referring to FIG. 6, the ultrasound apparatus
300 displays an ultrasound image, and receives a user
input for setting an interested region ROI 620 at the ul-
trasound image. The interested region 620 includes a
color box for obtaining a vector Doppler image by using
vector information (that is, vector information corre-
sponding to blood flow velocity and direction of an object)
of the object. Also, 630 represents a blood vessel. The
ultrasound apparatus 300 receives a user inputfor setting
an interested location at which a plurality of sample vol-
ume gates are located from among the interested region
620. Here, the user input is input from a control panel, a
track ball, a mouse, a keyboard, etc.

[0141] FIG. 7 is a diagram for explaining a screen that
displays a sample volume gate at a predetermined loca-
tion of an object displayed on an ultrasound image 610
according to an exemplary embodiment.

[0142] Referring to FIG. 7, the ultrasound apparatus
300 displays the ultrasound image 610 at which the in-
terested region 620 is set. Also, the ultrasound apparatus
300 displays the ultrasound image 610 that displays a
plurality of sample volume gates at a predetermined lo-
cation of an object.

[0143] The ultrasound apparatus 300 may estimate a
stream line corresponding to blood flow by using vector
information representing blood flow velocity and direction
of an object. 630 represents a blood vessel. The ultra-
sound apparatus 300 may set a point having a maximum
magnitude of a blood flow velocity on the stream line to
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a first sample volume gate 711. The ultrasound appara-
tus 300 may display a first sample volume gate 711 and
a first scan line 710 corresponding to the first sample
volume gate 711 on a predetermined location of the ob-
ject. Moving, at the ultrasound apparatus 300, the first
scan line 710 based on a user input and resetting the
first sample volume gate 711 are described with refer-
ence to FIGS. 8 and 9.

[0144] The ultrasound apparatus 300 may set points
(for example, a point having a minimum magnitude of a
blood flow velocity) having a clinical meaning in a plurality
of interested regions to a second sample volume gate
721 and a third sample volume gate 731 based on the
stream line and the first sample volume gate 711. As
illustrated in FIG. 7, the ultrasound apparatus 300 may
display a second scan line 720 and a third scan line 730
for resetting the second sample volume gate 721 and the
third sample volume gate 731 on a screen. When the
location of the first sample volume gate 711 is deter-
mined, the ultrasound apparatus 300 may set the second
sample volume gate 721 and the third sample volume
gate 731 according to a predetermined distance ratio.
[0145] The ultrasound apparatus 300 may adjust the
location and angle of the first sample volume gate 711
to the third sample volume gate 731 based on a user
input. Here, the ultrasound apparatus 300 may perform
location movement and/or angle adjustment of the rest
of sample volume gates simultaneously by performing
location movement and/or angle adjustment of one of the
first sample volume gate 711 to the third sample volume
gate 731. Also, the ultrasound apparatus 300 may indi-
vidually adjust a location and/or angle of each of the first
sample volume gate 711 to the third sample volume gate
731.

[0146] FIG. 8 is a diagram for explaining a screen that
sets a sample volume gate at a predetermined location
of an object displayed on an ultrasound image according
to an exemplary embodiment.

[0147] Referring to 810 of FIG. 8, the ultrasound ap-
paratus 300 displays an ultrasound image at which an
interested region 620 is set. Here, an object may corre-
spond to the carotid. 630 represents a blood vessel. The
ultrasound apparatus 300 may set the first sample vol-
ume gate 711 serving as a criterion in order to set a plu-
rality of sample volume gates 731, 732, and 733. Here,
the setting of the sample volume gate may include setting
the location and angle of the sample volume gate. The
angle may be an angle formed by a stream line corre-
sponding to blood flow of an object and a scan line.
[0148] A process of setting the first sample volume
gate 711 may include extracting, at the ultrasound appa-
ratus 300, a predetermined location of an object, and
setting the first sample volume gate 711 in response to
the predetermined location. The ultrasound apparatus
300 may use vector spectral Doppler technology in order
to set the location and angle of the plurality of sample
volume gates 731, 732, and 733.

[0149] Also, a process of setting another first sample
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volume gate 711 may include setting and displaying, at
the ultrasound apparatus 300, a first candidate sample
volume gate first, and setting the first sample volume
gate 711 via a user’s final input. The user may set the
first sample volume gate 711 by adjusting the first scan
line 710.

[0150] Referring to 820 of FIG. 8, the ultrasound ap-
paratus 300 may receive a user input 822 for setting a
sample volume gate. The ultrasound apparatus 300 may
set a sample volume gate based on the user input 822.
The ultrasound apparatus 300 may receive at least one
of an input for moving an interested location of a sample
volume gate to the first scan line 710 displayed on an
ultrasound image 610, an input for setting a scan depth
of the first scan line 710, and an input for setting an angle
of a sample volume gate that corresponds to a stream
line 821 corresponding to blood flow of an object.
[0151] Specifically, a user may move the interested lo-
cation of the sample volume gate to the first scan line
710 by using a keypad, a mouse, a touch panel, a touch-
screen, atrack ball, ajog switch, etc. The user may adjust
an angle formed by the stream line 821 corresponding
blood flow of the object and the sample volume gate by
adjusting a slope of the first scan line 710.

[0152] FIG. 9is a diagram for explaining a screen that
sets a sample volume gate at a predetermined location
of an object displayed on an ultrasound image according
to another exemplary embodiment.

[0153] Referring to 910 of FIG. 9, the ultrasound ap-
paratus 300 displays an ultrasound image at which an
interested region 620 is set. 630 represents a blood ves-
sel. Also, the ultrasound apparatus 300 displays a plu-
rality of sample volume gates 731, 732, and 733 on pre-
determined locations of an object displayed on the ultra-
sound image. The ultrasound apparatus 300 may extract
a plurality of predetermined locations with respect to the
object, and set the plurality of sample volume gates 731,
732,and 733 inresponse to the plurality of predetermined
locations. Also, the ultrasound apparatus 300 may set
and display a plurality of candidate sample volume gates,
and set at least one of the plurality of candidate sample
volume gates to a sample volume gate based on a user
input.

[0154] Referring to 920 of FIG. 9, the ultrasound ap-
paratus 300 may receive a user input 822 for setting the
plurality of sample volume gates 731, 732, and 733. The
ultrasound apparatus 300 may set the plurality of sample
volume gates 731, 732, and 733 based on the user input
822. The ultrasound apparatus 300 may display a plu-
rality of scan lines respectively corresponding to the plu-
rality of sample volume gates 731, 732, and 733 on the
ultrasound image 610. A user may adjust the location of
a sample volume gate by moving a scan line.

[0155] The ultrasound apparatus 300 may set a point
having a maximum magnitude of a blood flow velocity to
a first sample volume gate 711. Also, the ultrasound ap-
paratus 300 may set two points where a blood flow ve-
locity is less than a predetermined criterion value to the
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second sample volume gate 721 and the third sample
volume gate 731. The first sample volume gate 711 to
the third sample volume gate 731 may be set on the
stream line 821. When the user moves a first scan line
710, a second scan line 720 and a third scan line 730
may be changed simultaneously based on a direction
and a distance in and by which the first scan line 710 is
moved. Also, when a slope of the first scan line 710 is
changed, slopes of the second scan line 720 and/or the
third scan line 730 may be also changed simultaneously
based on the change in the slope of the first scan line 710.
[0156] FIG. 10is a diagram for explaining a screen that
sets a sample volume gate according to an exemplary
embodiment.

[0157] The ultrasound apparatus 300 displays an ul-
trasound image in which the plurality of sample volume
gates 731, 732, and 733 are displayed. The ultrasound
apparatus 300 displays the plurality of scan lines 710,
720, and 730 used for setting a plurality of sample volume
gates. The ultrasound apparatus 300 may receive an in-
put for setting an interested location. The ultrasound ap-
paratus 300 may receive an input for setting a predeter-
mined location of an object to the interested location via
a user interface. A user may parallel-move at least one
of the plurality of scan lines 710, 720, and 730 by using
the user interface. In this case, the user interface may
receive a signal by using a touch input. The user interface
may include a touch sensor or a proximity sensor in order
to detect a user’s touch input. For example, the touch
sensor may have a form such as a touch film, a touch
sheet, and a touchpad. The user interface may receive
at least one manipulation signal from among the plurality
of scan lines 710, 720, and 730 by a user’s touch input
via various input tools. Specifically, the user interface
may receive at least one manipulation signal from among
the plurality of scan lines 710, 720, and 730 by a user’s
hand, a physical tool 1010, a stylus pen, etc.

[0158] The ultrasound apparatus 300 may detect a
touch input for moving at least one of the plurality of scan
lines 710, 720, and 730, and display a screen that has
moved the at least one of the plurality of scan lines 710,
720, and 730 from a first location to a second location of
an object in response to the detected touch input.
[0159] Referring to FIG. 10, the ultrasound apparatus
300 displays a distance between the plurality of sample
volume gates 731, 732, and 733 on an ultrasound image.
Also, the ultrasound apparatus 300 may display an angle
formed by a stream line corresponding to blood flow of
an object and at least one of the scan lines 710, 720, and
730 on the ultrasound image.

[0160] FIG. 11 is a diagram for explaining a screen
provided by an ultrasound apparatus 300 according to
an exemplary embodiment.

[0161] The ultrasound apparatus 300 generates an ul-
trasound image based on ultrasound data. The ultra-
sound apparatus 300 obtains blood flow information of
an object by using a Doppler component obtained from
the ultrasound data. The ultrasound apparatus 300 sets
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the plurality of sample volume gates 731, 732, and 733
at predetermined locations of the object based on the
blood flow information. The ultrasound apparatus 300
displays the ultrasound image in which the plurality of
sample volume gates 731, 732, and 733 are displayed.
Referring to FIG. 11, the ultrasound apparatus 300 pro-
vides the ultrasound image that displays the first sample
volume gate 711, the second sample volume gate 721,
and the third sample volume gate 731 set at the prede-
termined locations of the object. A person of ordinary skill
in the art will understand that the ultrasound apparatus
300 may set not only three sample volume gates but also
a different number of sample volume gates.

[0162] The ultrasound apparatus 300 displays a plu-
rality of Doppler spectrums 1101, 1102, and 1103 re-
spectively corresponding to the plurality of sample vol-
ume gates 731, 732, and 733. Here, the plurality of Dop-
pler spectrums 1101, 1102, and 1103 have the same
time information.

[0163] The ultrasound apparatus 300 may receive a
user input in order to set and/or edit at least one of the
first sample volume gate 711, the second sample volume
gate 721, and the third sample volume gate 731. The
ultrasound apparatus 300 may set and/or reset at least
one sample volume gate based on a user input. Here,
the user input may include at least one of an input for
moving the location of at least one sample volume gate
displayed on an ultrasound image to at least one of the
scan lines 710, 720, and 730, an input for setting a scan
depth of the at least one of the scan lines 710, 720, and
730, and an input for setting an angle formed by a stream
line corresponding to blood flow of an object and at least
one of the sample volume gates 711, 721, and 731.
[0164] Referring to FIG. 11, the ultrasound apparatus
300 displays a Doppler spectrum corresponding to each
of sample volume gates. Here, the ultrasound apparatus
300 may receive an input for selecting atleastone sample
volume gate from among the plurality of sample volume
gates 731, 732, and 733, and display only a Doppler
spectrum corresponding to the selected atleast one sam-
ple volume gate.

[0165] FIG. 12 is a flowchart illustrating a method of
operating an ultrasound apparatus 300 according to an-
other exemplary embodiment.

[0166] In operation S1210 of FIG. 12, the ultrasound
apparatus 300 displays an ultrasound image. Here, the
ultrasound image includes a brightness (B)-mode for pro-
viding a B-mode image, a color (C)-Doppler mode or pow-
er (P)-Doppler mode for providing a color flow image,
and a Doppler (D)-mode for providing a Doppler spec-
trum.

[0167] In operation S1220, the ultrasound apparatus
300 receives a user’s input for setting a sample volume
gate. Specifically, the ultrasound apparatus 300 receives
a user input for setting at least one of a plurality of sample
volume gates corresponding to an interested location of
an object at a predetermined location of the object dis-
played on the ultrasound image.
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[0168] In operation S1230, the ultrasound apparatus
300 sets at least one sample volume gate based on a
user input.

[0169] In operation S1240, the ultrasound apparatus
300 displays the ultrasound image in which a plurality of
sample volume gates are displayed. Also, the ultrasound
apparatus 300 may display a plurality of Doppler spec-
trums corresponding to the plurality of sample volume
gates.

[0170] FIG. 13Ais adiagram illustrating setting a sam-
ple volume gate in order to diagnose a carotid artery ste-
nosis according to an exemplary embodiment.

[0171] According to an exemplary embodiment, in a
Doppler mode of the ultrasound apparatus 300, the ul-
trasound apparatus 300 may set a sample volume gate
at a maximum constriction point of internal carotid artery
(ICA), and a point 1301 separated by a predetermined
length (for example, 1 cm) from a start point of common
carotid artery (CCA).

[0172] FIG. 13B is a diagram illustrating a screen that
displays a graph related to a carotid artery stenosis ac-
cording to an exemplary embodiment.

[0173] Referring to FIG. 13B, a peak systolic velocity
(PSV) value 1302 and an end diastolic velocity (EDV)
value 1303 of a maximum constriction point of an ICA
1304 are illustrated.

[0174] FIG. 13C is a diagram illustrating a screen that
displays a graph related to a carotid artery stenosis ac-
cording to another exemplary embodiment.

[0175] Referring to FIG. 13C, a PSV value 1305 and
an EDV value 1306 of a point separated by a predeter-
mined length from a start point of a CCA 1307 are illus-
trated.

[0176] FIG. 14isadiagramillustrating setting a sample
volume gate in order to diagnose a renal artery stenosis
according to an exemplary embodiment.

[0177] The renal artery is an artery entering both kid-
neys from the aorta. The renal artery stenosis is a syn-
drome in which the renal artery narrows due to a certain
cause. When a vessel constriction is observed by meas-
uring the density of kidney at the renal artery and by a
Doppler ultrasound and angiography, etc., renal artery
stenosis may be diagnosed.

[0178] According to an exemplary embodiment, the ul-
trasound apparatus 300 may detect the abdominal aorta
by scanning a longitudinal section right under at an end
of the solar plexus. The ultrasound apparatus 300 may
detect the renal artery extending to the left or right from
the abdominal aorta. The ultrasound apparatus 300 may
set a point 1401 of a peak systolic velocity of the aorta
to a sample volume gate. Also, the ultrasound apparatus
300 may set a point 1402 of a peak systolic velocity at a
renal maximum constriction point to a sample volume
gate. When a ratio of a PSV of the kidney and a PSV of
the aorta is 3.5 or more and/or a PSV of a maximum
constriction point of the kidney is about 180-200 cm/s or
more, a renal artery stenosis may be diagnosed.
[0179] FIG. 15 is a diagram illustrating a screen that
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sets a candidate sample volume gate on an ultrasound
image according to an exemplary embodiment.

[0180] The ultrasound apparatus 300 obtains ultra-
sound data of an object and generates an ultrasound
image based on the ultrasound data. The ultrasound ap-
paratus 300 displays the generated ultrasound image.
The ultrasound apparatus 300 sets a plurality of sample
volume gates by receiving a user input.

[0181] The ultrasound apparatus 300 may display lat-
tice lines on the ultrasound image. The lattice lines may
display column lines and row lines with a predetermined
interval as illustrated in FIG. 15. The ultrasound appara-
tus 300 obtains blood flow information by using vector
information representing blood flow velocity and direction
of an object. The ultrasound apparatus 300 may estimate
a stream line corresponding to blood flow by using the
vector information, and set a point 1501 having a maxi-
mum magnitude of a blood flow velocity on the stream
line to a first candidate sample volume gate. Here, the
ultrasound apparatus 300 may move the lattice lines so
that a first virtual lattice including a lattice line may coin-
cide with a first candidate sample volume gate.

[0182] Also, the ultrasound apparatus 300 may set lat-
tices 1502 and 1503 having a clinical meaning from
among a plurality of virtual lattices to a second candidate
sample volume gate and a third candidate sample vol-
ume gate. For example, the ultrasound apparatus 300
may set a point where the stream line meets a virtual
lattice, a point having a fastest blood flow velocity, a point
having a largest blood flow amount, a central point of a
blood vessel, etc. to candidate sample volume gates. It
is obvious to a person of ordinary skill in the art that the
setting of the candidate sample volume gates at the ul-
trasound apparatus 300 is not limited to the above ex-
ample and the sample volume gates may be set accord-
ing to other criteria.

[0183] FIG. 16 is a diagram illustrating a screen that
sets a candidate sample volume gate on an ultrasound
image according to another exemplary embodiment.
[0184] The ultrasound apparatus 300 may estimate a
stream line corresponding to blood flow by using vector
information, and set a point 1601 having a maximum
magnitude of a blood flow velocity on the stream line to
a first candidate sample volume gate. The ultrasound
apparatus 300 may set a point 1602 where a scan line
of a point separated by L1 from the first candidate sample
volume gate meets the stream line to a second candidate
sample volume gate. Likewise, the ultrasound apparatus
300 may set a point 1603 where a scan line of a point
separated by L2 from the first candidate sample volume
gate meets the stream line to a third candidate sample
volume gate. It is obvious to a person of ordinary skill in
the art that L1 and L2 may be obtained from vector infor-
mation representing blood flow velocity and direction of
an object, and may be obtained from medical data, not
the vector information.

[0185] FIG. 17 is a diagram illustrating a screen that
sets a candidate sample volume gate on an ultrasound
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image according to still another exemplary embodiment.
[0186] The ultrasound apparatus 300 may estimate a
stream line corresponding to blood flow by using vector
information, and set a point 1701 having a maximum
magnitude of a blood flow velocity on the stream line to
a first candidate sample volume gate. The ultrasound
apparatus 300 may set a point 1702 where a scan line
rotated by 81 from a scan line in which the first candidate
sample volume gate is located meets the stream line to
a second candidate sample volume gate. Likewise, the
ultrasound apparatus 300 may set a point 1703 where a
scan line rotated by 62 from the scan line in which the
first candidate sample volume gate is located meets the
stream line to a third candidate sample volume gate. It
is obvious to a person of ordinary skill in the art that 61
and 62 may be obtained from vector information repre-
senting blood flow velocity and direction of an object, and
may be obtained from medical data, not the vector infor-
mation.

[0187] FIG. 18 is a diagram illustrating a screen that
sets a candidate sample volume gate on an ultrasound
image according to further another exemplary embodi-
ment.

[0188] The ultrasound apparatus 300 may receive an
input for setting an interested location of at least one can-
didate sample volume gate via a user interface. The user
interface may receive a user input via a user’s hand, a
physical tool, a stylus pen, etc. Also, the user interface
may be a touch panel that detects a touch input, and the
touch panel may be configured integrally with a display
of the ultrasound apparatus 300 and detect a touch input.
[0189] Referring to FIG. 18, the user may set a candi-
date sample volume gate on an ultrasound image dis-
played on the display of the ultrasound apparatus 300
by using a touch input. When the user inputs an approx-
imate location of the candidate sample volume gate by
using the touch, the ultrasound apparatus 300 may set
a point having a maximum magnitude of a blood flow
velocity inside a predetermined region around a first
touch point 1801 to a first candidate sample volume gate.
The predetermined region may have various shapes
such as a circle, a quadrangle, etc. having the touch point
as its center, and the size of the predetermined region
may be set to a predetermined area.

[0190] Also, the ultrasound apparatus 300 may set a
point having a maximum magnitude of a blood flow ve-
locity inside a predetermined region around a second
touch point 1802 to a second candidate sample volume
gate. Likewise, the ultrasound apparatus 300 may set a
point having a maximum magnitude of a blood flow ve-
locity inside a predetermined region around a third touch
point 1803 to a third candidate sample volume gate. Here,
it is obvious to a person of ordinary skill in the art that a
criterion for setting a candidate sample volume gate may
be other criteria besides a point having a maximum mag-
nitude of a blood flow velocity inside a predetermined
region.

[0191] The above-described apparatus may be imple-
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mented by using a hardware component, a software com-
ponent, and/or a combination of a hardware component
and a software component. For example, the apparatus
and the component described in the exemplary embod-
iments may be implemented by using one or more gen-
eral-purpose computers or a special-purpose computers
such as, for example, 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
device that may execute an instruction and respond
thereto.

[0192] A processor may execute an operating system
(OS) and one or more software applications executed on
the OS. Also, the processor may access, store, manip-
ulate, process, and generate data in response to execu-
tion of software.

[0193] For convenience of understanding, though de-
scription has been made to the case where one processor
is used, a person of ordinary skill in the art will understand
that the processor may include a plurality of processing
elements and/or processing elements having a plurality
of types. For example, the processor may include a plu-
rality of processors, or one processor and one controller.
Also, the processor may include a different processing
configuration such as a parallel processor.

[0194] Software may include a computer program, a
code, an instruction, or a combination of one or more of
these, and configure the processor to operate as desired,
or instruct the processor independently or collectively.
[0195] Software and/or data may be embodied perma-
nently or temporarily in a certain type of a machine, a
component, a physical device, virtual equipment, a com-
puter storage medium or device, or a transmitted signal
wave in order to allow the processor to analyze the soft-
ware and/or data, or to provide an instruction or data to
the processor. Software may be distributed on a compu-
ter system connected via a network, and stored and ex-
ecuted in a distributed fashion. Software and data may
be stored in one or more non-transitory computer-read-
able recording media.

[0196] The methods according to exemplary embodi-
ments may be embodied in the form of program com-
mands executable through various computer means,
which may be recorded on a non-transitory computer-
readable recording medium. The non-transitory compu-
ter-readable recording medium may include program
commands, data files, and data structures either alone
or in combination. The program commands recorded on
the non-transitory computer-readable recording medium
may be those that are especially designed and config-
ured for the inventive concept, or may be those that are
known and available to computer programmers skilled in
the art.

[0197] Examples of the non-transitory computer-read-
able recording medium include magnetic recording me-
dia such as hard disks, floppy disks, and magnetic tapes,
optical recording media such as CD-ROMs and DVDs,
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magneto-optical recording media such as floptical disks,
and hardware devices such as ROMs, RAMs, and flash
memories that are especially configured to store and ex-
ecute program commands.

[0198] Examples of the program commands include
machine language codes that may be generated by a
compiler, and high-level language codes that may be ex-
ecuted by a computer by using an interpreter.

[0199] The above hardware device may be configured
to operate as one or more software modules in order to
perform an operation of an exemplary embodiment, and
vice versa.

[0200] Though the exemplary embodiments have
been described by a limited number of exemplary em-
bodiments and drawings, a person of ordinary skill in the
art will make various modifications and changes from the
above exemplary embodiments. For example, even
when the described technologies are performed in an
order different from the described method and/or com-
ponents such as the described system, structure, appa-
ratus, and circuit are coupled or combined in a form dif-
ferent from the described method, or replaced by other
components or equivalents thereof, a proper result may
be accomplished.

[0201] Therefore, the scope of the inventive concept
should not be limited and determined by the described
exemplary embodiments, but should be determined by
not only the following claims but also equivalents thereof.

Claims
1. An ultrasound apparatus comprising:

a data obtaining unit configured to obtain ultra-
sound data of an object;

a controller configured to generate an ultra-
sound image based on the ultrasound data, ob-
tain blood flow information of the object by using
a Doppler component obtained from the ultra-
sound data, and set a plurality of sample volume
gates based on the blood flow information; and
a display configured to display the ultrasound
image in which the plurality of sample volume
gates are displayed.

2. The apparatus of claim 1, further comprising:

a user interface configured to receive a user in-
put for setting at least one sample volume gate
from among the plurality of sample volume gates
at a predetermined location of the object dis-
played in the ultrasound image,

wherein the controller sets the at least one sam-
ple volume gate based on the user input.

3. The apparatus of claim 2, wherein the user input
comprises at least one of an input for setting aregion
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10.

1.

12.

13.

30

of interest in the ultrasound image and an input for
setting an location of interest of the at least one sam-
ple volume gate in the region of interest.

The apparatus of claim 3, wherein the input for set-
ting the location of interest comprises at least one of
an input for moving the location of interest to at least
one scan line displayed on the ultrasound image, an
input for setting a scan depth of the at least one scan
line in response to the location of interest, and an
input for setting an angle of at least one sample vol-
ume gate that corresponds to a stream line corre-
sponding to blood flow of the object.

The apparatus of claim 1, wherein the controller ob-
tains the blood flow information by using vector in-
formation representing blood flow velocity and direc-
tion of the object.

The apparatus of claim 5, wherein the blood flow
information comprises at least one of the blood flow
velocity, a blood flow amount, a blood flow pressure,
and a blood flow angle.

The apparatus of claim 5, wherein the controller es-
timates a stream line corresponding to the blood flow
by using the vector information, and sets a point hav-
ing a maximum magnitude of a blood flow velocity
on the stream line to a first candidate sample volume
gate.

The apparatus of claim 7, wherein the controller sets
a second candidate sample volume gate based on
the stream line and the first candidate sample vol-
ume gate.

The apparatus of claim 8, wherein the display dis-
plays the ultrasound image in which the first candi-
date sample volume gate and the second candidate
sample volume gate are displayed.

The apparatus of claim 9, further comprising:

a user interface configured to receive a user in-
put that determines at least one of the first can-
didate sample volume gate and the second can-
didate sample volume gate as the at least one
sample volume gate.

The apparatus of claim 10, wherein the user interface
receives a user input for adjusting at least one of the
first candidate sample volume gate and the second
candidate sample volume gate.

The apparatus of claim 1, wherein the object com-
prises a carotid artery or a renal artery.

The apparatus of claim 12, wherein the controller
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sets a first sample volume gate at a predetermined
location of the carotid artery on the ultrasound image
in response to a maximum constriction point from
among a constriction portion of the carotid artery.

5
14. The apparatus of claim 1, wherein the display dis-
plays a plurality of Doppler spectrums respectively
corresponding to the plurality of sample volume
gates.
10

15. A method of operating an ultrasound apparatus, the
method comprising:

obtaining ultrasound data of an object, and gen-
erating an ultrasound image based on the ultra- 75
sound data;

obtaining blood flow information of the object by
using a Doppler component obtained from the
ultrasound data;

setting a plurality of sample volume gatesbased 20
on the blood flow information; and

displaying the ultrasound image in which the plu-
rality of sample volume gates are displayed.
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