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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasonic imaging apparatus for generating and displaying a spectral
Doppler signal and a method of displaying an ultrasound image.

BACKGROUND ART

[0002] Ultrasonic imaging apparatuses generate ultrasound signals for a predetermined inner region of an object via
a probe and use information of reflected echo signals to obtain an image of the inner region of the object. In particular,
ultrasonic imaging apparatuses are used for medical purposes including observation, assessment of injuries, and de-
tection of foreign substances inside an object. Such ultrasonic imaging apparatuses exhibit high stability, display images
in real time, and are safe due to lack of radiation exposure compared to diagnostic X-ray apparatuses. Therefore,
ultrasonic imaging apparatuses have been widely used together with other types of imaging diagnosis apparatuses.
[0003] Furthermore, ultrasonic imaging apparatuses may provide a Doppler image showing movement of an object
to a user. In other words, ultrasonic imaging apparatuses may measure and output movement of the object by using
various Doppler images such as color Doppler, spectral Doppler, and vector Doppler images.

DESCRIPTION OF EMBODIMENTS
TECHNICAL PROBLEM

[0004] Provided are an ultrasonic imaging apparatus for generating and displaying a spectral Doppler signal and a
method of displaying an ultrasound image.

SOLUTION TO PROBLEM

[0005] According to an aspect of the present disclosure, an ultrasonic imaging apparatus may include: a processor
configured to acquire a Doppler signal corresponding to a sample volume, divide the Doppler signal into a plurality of
sub-Doppler signals, generate a plurality of spectral Doppler signals by performing spectral analysis on each of the
plurality of sub-Doppler signals, and generate a spectral Doppler signal corresponding to the sample volume, based on
the plurality of spectral Doppler signals; and a display displaying the spectral Doppler signal corresponding to the sample
volume.

ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0006] According to some embodiments, an ultrasonic imaging apparatus may divide a Doppler signal corresponding
to a sample volume into a plurality of sub-Doppler signals and generate a spectral Doppler signal corresponding to the
sample volume based on a plurality of spectral Doppler signals respectively corresponding to the plurality of sub-Doppler
signals. Thus, it is possible to display the spectral Doppler signal corresponding to the sample volume as a high-quality
image.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

FIG. 1 is a block diagram of a configuration of an ultrasound diagnosis apparatus according to an embodiment.
FIGS. 2A through 2C illustrate ultrasound diagnosis apparatuses according to embodiments.

FIG. 3 is a block diagram of an ultrasonic imaging apparatus according to an embodiment.

FIG. 4 is adiagram illustrating an embodiment in which an ultrasonic imaging apparatus generates a spectral Doppler
signal corresponding to a sample volume.

FIG. 5 is adiagramiillustrating a detailed embodiment in which an ultrasonic imaging apparatus generates a spectral
Doppler signal corresponding to a sample volume.

FIG. 6 is a diagram illustrating an embodiment in which an ultrasonic imaging apparatus generates a spectral Doppler
signal corresponding to a sample volume.

FIG. 7 is a flowchart of a method by which an ultrasonic imaging apparatus displays an ultrasound image, according
to an embodiment.
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FIG. 8 is a block diagram of an ultrasonic imaging apparatus according to another embodiment.

FIG. 9 illustrates an embodiment in which an ultrasonic imaging apparatus displays a plurality of spectral Doppler
signals.

FIG. 10 illustrates an embodiment in which an ultrasonic imaging apparatus displays a plurality of spectral Doppler
signals as a single image.

FIG. 11 illustrates an embodiment in which an ultrasonic imaging apparatus displays a plurality of spectral Doppler
signals.

FIG. 12 illustrates an embodiment in which an ultrasonic imaging apparatus provides information about vascular
wall stiffness.

FIG. 13 illustrates an embodiment in which an ultrasonic imaging apparatus displays a plurality of spectral Doppler
signals.

FIG. 14 illustrates a method by which an ultrasonic imaging apparatus displays an ultrasound image, according to
an embodiment.

FIG. 15 is a block diagram of an ultrasonic imaging apparatus according to another embodiment.

FIG. 16 illustrates an embodiment in which an ultrasonic imaging apparatus generates a spectral Doppler signal
corresponding to an object.

FIG. 17 illustrates a detailed embodiment in which an ultrasonic imaging apparatus generates a spectral Doppler
signal corresponding to an object.

FIG. 18 illustrates another embodiment in which an ultrasonic imaging apparatus generates a spectral Doppler
signal corresponding to an object.

FIG. 19 is a flowchart of a method by which an ultrasonic imaging apparatus displays an ultrasound image, according
to an embodiment.

BEST MODE

[0008] According to an embodiment, an ultrasonic imaging apparatus may include: a processor configured to acquire
a Doppler signal corresponding to a sample volume, divide the Doppler signal into a plurality of sub-Doppler signals,
generate a plurality of spectral Doppler signals by performing spectral analysis on each of the plurality of sub-Doppler
signals, and generate, from the plurality of spectral Doppler signals, a spectral Doppler signal corresponding to the
sample volume; and a display displaying the spectral Doppler signal corresponding to the sample volume.

[0009] Accordingto an embodiment, the processor may generate the plurality of spectral Doppler signals by performing
weighting accumulation and Fourier Transform on each of the plurality of sub-Doppler signals.

[0010] According to an embodiment, the processor may perform weighting accumulation by using a predetermined
window function.

[0011] According to an embodiment, the processor may acquire the Doppler signal every period according to a pulse
repetition frequency (PRF).

[0012] According to an embodiment, the processor may generate the spectral Doppler signal corresponding to the
sample volume by performing weighting accumulation on the plurality of spectral Doppler signals.

[0013] According to an embodiment, the processor may divide the Doppler signal into the plurality of sub-Doppler
signals respectively corresponding to a plurality of sections set in the sample volume.

[0014] Accordingto an embodiment, the number and length of the plurality of sections may be set based on a user input.
[0015] According to an embodiment, the processor may determine at least one effective spectral Doppler signal from
among the plurality of spectral Doppler signals and generate the spectral Doppler signal corresponding to the sample
volume from the determined at least one spectral Doppler signal.

[0016] According to an embodiment, the ultrasonic imaging apparatus may further include an ultrasound transceiver
configured to control a probe to transmit a generated ultrasound signal to the sample volume as many times as a
predetermined ensemble number and according to a preset PRF, and receive an echo signal reflected from the sample
volume, and the processor may acquire the Doppler signal based on the echo signal.

[0017] According to an embodiment, a method of displaying an ultrasound image may include: acquiring a Doppler
signal corresponding to a sample volume; dividing the Doppler signal into a plurality of sub-Doppler signals; generating
a plurality of spectral Doppler signals by performing spectral analysis on each of the plurality of sub-Doppler signals;
generating, from the plurality of spectral Doppler signals, a spectral Doppler signal corresponding to the sample volume;
and displaying the spectral Doppler signal corresponding to the sample volume.

[0018] According to an embodiment, an ultrasonic imaging apparatus may include: a processor configured to acquire
a Doppler signal corresponding to a sample volume, divide the Doppler signal into a plurality of sub-Doppler signals
respectively corresponding to a plurality of sections setin the sample volume, and generate a plurality of spectral Doppler
signals respectively corresponding to the plurality of sections by performing spectral analysis on each of the plurality of
sub-Doppler signals; and a display displaying the plurality of spectral Doppler signals.
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[0019] Accordingtoan embodiment, the processor may generate a plurality of spectral lines respectively corresponding
to a plurality of sections by performing line tracing on the respective plurality of spectral Doppler signals, and the display
may display the plurality of spectral lines.

[0020] According to an embodiment, when the sample volume is set with respect to a blood vessel, the processor
may generate information about vascular wall stiffness based on the plurality of spectral Doppler signals, and the display
may display the information about vascular wall stiffness.

[0021] According to an embodiment, the processor may respectively detect peak systolic velocities (PSVs) for the
plurality of sections based on the plurality of spectral Doppler signals and generate information about vascular wall
stiffness based on the PSVs for the plurality of sections.

[0022] According to an embodiment, when the sample volume is set with respect to an object, the processor may
select at least one spectral Doppler signal representing the object from among the plurality of spectral Doppler signals,
and the display may display the selected at least one spectral Doppler signal.

[0023] According to an embodiment, the ultrasonic imaging apparatus may further include a user input interface that
receives an input of selecting at least one spectral Doppler signal representing the object from a user.

[0024] According to an embodiment, the object may be a microscopic blood vessel.

[0025] Accordingto anembodiment, the number and length of the plurality of sections may be set based on a user input.
[0026] Accordingtoanembodiment, the processor may generate the plurality of spectral Doppler signals by respectively
performing weighting accumulation and Fourier Transformation on the plurality of sub-Doppler signals.

[0027] According to an embodiment, a method of displaying an ultrasound image may include: acquiring a Doppler
signal corresponding to a sample volume; dividing the Doppler signal into a plurality of sub-Doppler signals respectively
corresponding to a plurality of sections set in the sample volume; generating a plurality of spectral Doppler signals
respectively corresponding to the plurality of sections by performing spectral analysis on each of the plurality of sub-
Doppler signals; and displaying the plurality of spectral Doppler signals.

[0028] According to an embodiment, an ultrasonic imaging apparatus may include: a processor configured to acquire
a Doppler signal corresponding to a sample volume set with respect to an object, generate a plurality of spectral Doppler
signals respectively corresponding to a plurality of sections set in the sample volume by performing spectral analysis
on each of the Doppler signal from the plurality of sections, model an artifact signal in a spectral Doppler signal corre-
sponding to the object by using the plurality of spectral Doppler signals, and generate, based on the spectral Doppler
signal corresponding to the object and the artifact signal, a spectral Doppler signal corresponding to the object and from
which an artifact is removed; and a display displaying the spectral Doppler signal corresponding to the object and from
which the artifact is removed.

[0029] Accordingtoanembodiment, the processor may determine a spectral Doppler signal corresponding to a section
including the object from among the plurality of sections as the spectral Doppler signal corresponding to the object.
[0030] According to an embodiment, the processor may determine as an artifact signal an ultrasound reflected signal
from another object, which is contained in the spectral Doppler signal corresponding to the object and model the artifact
signal by using a spectral Doppler signal corresponding to a section including the other object from among the plurality
of sections.

[0031] According to an embodiment, the object may correspond to a vein while the other object may correspond to
an artery.

[0032] According to an embodiment, the processor may generate the spectral Doppler signal corresponding to the
objectand fromwhich the artifactis removed by performing subtraction between the spectral Doppler signal corresponding
to the object and the artifact signal.

[0033] According to an embodiment, the processor may divide the Doppler signal into a plurality of sub-Doppler signals
respectively corresponding to the plurality of sections and generate the plurality of spectral Doppler signals by performing
spectral analysis on each of the plurality of sub-Doppler signals.

[0034] According to an embodiment, the ultrasonic imaging apparatus may further include an ultrasound transceiver
configured to control a probe to transmit ultrasound signals along a pulsed Doppler line passing through the sample
volume set with respect to the object and receive echo signals reflected from the sample volume and at least one volume
on the pulsed Doppler line. The processor may acquire from the received echo signals a Doppler signal corresponding
to the sample volume and at least one Doppler signal corresponding to the at least one volume, generate a spectral
Doppler signal corresponding to the object and at least one spectral Doppler signal by performing spectral analysis on
each of the Doppler signal corresponding to the sample volume and the at least one Doppler signal, model an artifact
signal in the spectral Doppler signal corresponding to the object by using the at least one spectral Doppler signal, and
generate, based on the spectral Doppler signal corresponding to the object and the artifact signal, a spectral Doppler
signal corresponding to the object and from which an artifact is removed.

[0035] According to an embodiment, a method of displaying an ultrasound image may include: acquiring a Doppler
signal corresponding to a sample volume set with respect to an object; generating a plurality of spectral Doppler signals
respectively corresponding to a plurality of sections set in the sample volume by performing spectral analysis on the
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Doppler signal in each of the plurality of sections; modeling an artifact signal in a spectral Doppler signal corresponding
to the object by using the plurality of spectral Doppler signals; generating, based on the spectral Doppler signal corre-
sponding to the object and the artifact signal, a spectral Doppler signal corresponding to the object and from which an
artifact is removed; and displaying the spectral Doppler signal corresponding to the object and from which the artifact
is removed.

MODE OF DISCLOSURE

[0036] The present specification describes principles of the present disclosure and sets forth embodiments thereof to
clarify the scope of the present disclosure and to allow those of ordinary skill in the art to implement the embodiments.
The present embodiments may have different forms.

[0037] Like reference numerals refer to like elements throughout. The present specification does not describe all
components in the embodiments, and common knowledge in the art or the same descriptions of the embodiments will
be omitted below. The term "part" or "portion" may be implemented using hardware or software, and according to
embodiments, one "part" or "portion" may be formed as a single unit or element or include a plurality of units or elements.
Hereinafter, the principles and embodiments of the present disclosure will be described in detail with reference to the
accompanying drawings.

[0038] In exemplary embodiments, an image may include any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI) apparatus, a computed tomography (CT) apparatus, an
ultrasound imaging apparatus, or an X-ray apparatus.

[0039] Also, in the present specification, an "object", which is a thing to be imaged, may include a human, an animal,
or a part thereof. For example, an object may include a part of a human, that is, an organ, blood vessel or a tissue, or
a phantom.

[0040] Throughoutthe specification, an ultrasound image refers to animage of an object processed based on ultrasound
signals transmitted to the object and reflected therefrom.

[0041] FIG. 1is ablock diagram illustrating a configuration of an ultrasound diagnosis apparatus 100, i.e., a diagnostic
apparatus, according to an exemplary embodiment.

[0042] Referring to FIG. 1, the ultrasound diagnosis apparatus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, animage processor 130, one or more displays 140, a storage 150, e.g., amemory, acommunication
module 160, i.e., a communication device or an interface, and an input interface 170.

[0043] Theultrasounddiagnosis apparatus 100 may be of a cart-type or a portable-type ultrasound diagnosis apparatus,
that is portable, moveable, mobile, or hand-held. Examples of the portable-type ultrasound diagnosis apparatus 100
may include a smart phone, a laptop computer, a personal digital assistant (PDA), and a tablet personal computer (PC),
each of which may include a probe and a software application, but embodiments are not limited thereto.

[0044] The probe 20 may include a plurality of transducers. The plurality of transducers may transmit ultrasound signals
to an object 10 in response to transmitting signals received by the probe 20, from a transmitter 113. The plurality of
transducers may receive ultrasound signals reflected from the object 10 to generate reception signals. In addition, the
probe 20 and the ultrasound diagnosis apparatus 100 may be formed in one body (e.g., disposed in a single housing),
or the probe 20 and the ultrasound diagnosis apparatus 100 may be formed separately (e.g., disposed separately in
separate housings) but linked wirelessly or via wires. In addition, the ultrasound diagnosis apparatus 100 may include
one or more probes 20 according to embodiments.

[0045] The controller 120 may control the transmitter 113 for the transmitter 113 to generate transmitting signals to
be applied to each of the plurality of transducers based on a position and a focal point of the plurality of transducers
included in the probe 20.

[0046] The controller 120 may control the ultrasound receiver 115 to generate ultrasound data by converting reception
signals received from the probe 20 from analogue to digital signals and summing the reception signals converted into
digital form, based on a position and a focal point of the plurality of transducers.

[0047] The image processor 130 may generate an ultrasound image by using ultrasound data generated from the
ultrasound receiver 115. 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 representing
a moving object by using a Doppler effect. The Doppler image may be a blood flow Doppler image showing flow of blood
(also referred to as a color Doppler image), a tissue Doppler image showing a movement of tissue, or a spectral Doppler
image showing a moving speed of an object as a waveform. According to an embodiment, the image processor 130
may extract Doppler components from ultrasound data, and may generate a Doppler image showing a movement of an
object as colors or waveforms based on the extracted Doppler components.

[0048] The display 140 may display a generated ultrasound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound diagnosis apparatus 100 may include two or more displays 140
according to the present exemplary embodiment. The display 140 may include a touch screen in combination with a
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touch panel.

[0049] The controller 120 may control the operations of the ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or data. For example, the controller 120 may control the operation
of the ultrasound diagnosis apparatus 100 by receiving a control signal from the input interface 170 or an external
apparatus.

[0050] The ultrasound diagnosis apparatus 100 may include the communication module 160 and may be connected
to external apparatuses, for example, servers, medical apparatuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the communication module 160.

[0051] The communication module 160 may include at least one element capable of communicating with the external
apparatuses. Forexample, the communication module 160 may include atleast one among a short-range communication
module, a wired communication module, and a wireless communication module.

[0052] The communication module 160 may receive a control signal and data from an external apparatus and transmit
the received control signal to the controller 120 so that the controller 120 may control the ultrasound diagnosis apparatus
100 in response to the received control signal.

[0053] The controller 120 may transmit a control signal to the external apparatus via the communication module 160
so that the external apparatus may be controlled in response to the control signal of the controller 120.

[0054] For example, the external apparatus connected to the ultrasound diagnosis apparatus 100 may process the
data of the external apparatus in response to the control signal of the controller 120 received via the communication
module 160.

[0055] A program for controlling the ultrasound diagnosis apparatus 100 may be installed in the external apparatus.
The program may include command languages to perform part of operation of the controller 120 or the entire operation
of the controller 120.

[0056] The program may be pre-installed in the external apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that provides applications. The server that provides applications
may include a recording medium where the program is stored.

[0057] The storage 150 may store various data or programs for driving and controlling the ultrasound diagnosis ap-
paratus 100, input and/or output ultrasound data, ultrasound images, applications, etc.

[0058] The inputinterface 170 may receive a user’s input to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For example, the user’s input may include inputs for manipulating
buttons, keypads, mice, trackballs, jog switches, or knobs, inputs for touching a touchpad or a touch screen, a voice
input, a motion input, and a bioinformation input, for example, iris recognition or fingerprint recognition, but an exemplary
embodiment is not limited thereto.

[0059] An example of the ultrasound diagnosis apparatus 100 according to the present exemplary embodiment is
described below with reference to FIG. 2A, 2B, and 2C.

[0060] FIGS. 2A, 2B, and 2C are diagrams illustrating ultrasound diagnosis apparatus according to an exemplary
embodiment.

[0061] Referring to FIGS. 2A and 2B, the ultrasound diagnosis apparatus 100a and 100b may include a main display
121 and a sub-display 122. At least one among the main display 121 and the sub-display 122 may include a touch
screen. The main display 121 and the sub-display 122 may display ultrasound images and/or various information proc-
essed by the ultrasound diagnosis apparatus 100a and 100b. The main display 121 and the sub-display 122 may provide
graphical user interfaces (GUI), thereby receiving user’s inputs of data to control the ultrasound diagnosis apparatus
100. For example, the main display 121 may display an ultrasound image and the sub-display 122 may display a control
panel to control display of the ultrasound image as a GUI. The sub-display 122 may receive an input of data to control
the display of an image through the control panel displayed as a GUI. The ultrasound diagnosis apparatus 100b may
control the display of the ultrasound image on the main display 121 by using the input control data.

[0062] Referring to FIG. 2B, the ultrasound diagnosis apparatus 100b may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or knobs, and may receive data to control the ultrasound
diagnosis apparatus 100 from the user. For example, the control panel 165 may include a time gain compensation (TGC)
button 171 and a freeze button 172. The TGC button 171 is to set a TGC value for each depth of an ultrasound image.
Also, when an input of the freeze button 172 is detected during scanning an ultrasound image, the ultrasound diagnosis
apparatus 100b may keep displaying a frame image at that time point.

[0063] The buttons, trackballs, jog switches, and knobs included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0064] Referring to FIG. 2C, the ultrasound diagnosis apparatus 100c may include a portable device. An example of
the portable ultrasound diagnosis apparatus 100c may include, for example, smart phones including probes and appli-
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cations, laptop computers, personal digital assistants (PDAs), or tablet PCs, but an exemplary embodiment is not limited
thereto.

[0065] The ultrasound diagnosis apparatus 100c may include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or wirelessly. The main body 40 may include a touch screen 145.
The touch screen 145 may display an ultrasound image, various pieces of information processed by the ultrasound
diagnosis apparatus 100c, and a GUI.

[0066] FIG. 3 is a block diagram of an ultrasonic imaging apparatus 1000 according to an embodiment.

[0067] The ultrasonic imaging apparatus 1000 may include a processor 1010 and a display 1020. According to an
embodiment, the processor 1010 may correspond to at least one or a combination of the image processor 130 and the
controller 120 described with reference to FIG. 1, and the display 1020 may correspond to the display 140 of FIG. 1.
[0068] FIG. 3 shows that the ultrasonic imaging apparatus 1000 includes only components related to the present
embodiment. Thus, it will be understood by those of ordinary skill in the relevant art that the ultrasonic imaging apparatus
1000 may include other common components as well as the components shown in FIG. 3. For example, the ultrasonic
imaging apparatus 1000 may include at least one of the probe 20, the ultrasound transceiver 110, the storage 150, the
communication module 160, and the input interface 170 described with reference to FIG. 1.

[0069] The processor 1010 controls all operations of the ultrasonic imaging apparatus 1000 and processes data and
signals. The processor 1010 may be composed of at least one hardware unit. According to an embodiment, the processor
1010 may include a separate hardware unit that serves as the image processor 130 and the controller 120. The processor
1010 may be implemented by one or more software modules that are generated by executing program code stored in
a memory.

[0070] The processor 1010 may acquire a Doppler signal corresponding to a sample volume. In other words, the
processor 1010 may acquire a Doppler signal corresponding to a sample volume set with respect to an object.

[0071] According to an embodiment, the ultrasonic imaging apparatus 1000 may include the ultrasound transceiver
110, and the ultrasound transceiver 110 may control the probe 20 to transmit, to a sample volume, an ultrasound signal
which is generated according to a predetermined pulse repetition frequency (PRF) and receive an echo signal reflected
from the sample volume. The processor 1010 may then extract Doppler components from the received echo signal to
generate a Doppler signal. For example, the processor 1010 may perform quadrature demodulation on the received
echo signal to acquire a complex baseband ultrasound signal as a Doppler signal. Thus, the processor 1010 may acquire
a Doppler signal corresponding to the sample volume every period according to a PRF. Furthermore, the processor
1010 may acquire a Doppler signal corresponding to the sample volume repeatedly by an ensemble number.

[0072] According to another embodiment, the processor 1010 may acquire a Doppler signal corresponding to the
sample volume from an external server or external device via the communication module 160 of the ultrasonic imaging
apparatus 1000. According to another embodiment, the processor 1010 may acquire a prestored Doppler signal corre-
sponding to the sample volume from the storage 150 of the ultrasonic imaging apparatus 1000.

[0073] The processor 1010 may divide an acquired Doppler signal into a plurality of sub-Doppler signals. According
to an embodiment, the processor 1010 may divide a sample volume into a plurality of sections along a direction in which
an ultrasound signal is transmitted and divide a Doppler signal into a plurality of sub-Doppler signals respectively cor-
responding to the plurality of sections. Furthermore, the processor 1010 may determine, based on a user input, the
number and size of the plurality of sections set in the sample volume, and accordingly, determine the number and
magnitude of the plurality of sub-Doppler signals.

[0074] Furthermore, the processor 1010 may divide each of a plurality of Doppler signals acquired every period
according to a PRF into a plurality of sub-Doppler signals and repeatedly divide a Doppler signal into a plurality of sub-
Doppler signals by an ensemble number.

[0075] The processor 1010 may generate a plurality of spectral Doppler signals by performing spectral analysis on
each of a plurality of sub-Doppler signals. Spectral analysis refers to a process of estimating a Doppler signal in a time
domain as a spectrum in a frequency domain, e. g., a process of converting a Doppler signal in the time domain into a
spectral Doppler signal in the frequency domain. According to an embodiment, the spectral analysis may include per-
forming weighting accumulation on a Doppler signal and performing fast Fourier transform (FFT) on the resulting signal.
Thus, the processor 1010 may generate a plurality of spectral Doppler signals by performing weighting accumulation
and FFT on the respective sub-Doppler signals.

[0076] The processor 1010 may generate a spectral Doppler signal corresponding to a sample volume from a plurality
of spectral Doppler signals. According to an embodiment, the processor 1010 may generate a spectral Doppler signal
corresponding to a sample volume by performing weighting accumulation on a plurality of spectral Doppler signals.
According to another embodiment, the processor 1010 may determine at least one effective spectral Doppler signal
from among a plurality of spectral Doppler signals and generate a spectral Doppler signal corresponding to a sample
volume from the determined at least one spectral Doppler signal. For example, the processor 1010 may determine
spectral Doppler signals representing an object from among a plurality of spectral Doppler signals and generate a spectral
Doppler signal corresponding to a sample volume.
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[0077] The display 1020 may display the generated spectral Doppler signal.

[0078] FIG. 4 is a diagram illustrating an embodiment in which the ultrasonic imaging apparatus 1000 generates a
spectral Doppler signal corresponding to a sample volume.

[0079] According to an embodiment, the display 1020 may display a B-mode ultrasound image 401 showing an object.
Subsequently, the processor 1010 may set a sample volume with respect to the object based on a user input. For
example, the processor 1010 may set a sample volume with respect to a specific blood vessel.

[0080] The processor 1010 may acquire a Doppler signal 410 corresponding to the sample volume.

[0081] The processor 1010 may then divide the Doppler signal 410 into a plurality of sub-Doppler signals 412, 414,
and 416. For example, the processor 1010 may divide the sample volume into first through N-th sections according to
a direction in which an ultrasound signal is transmitted and divide the Doppler signal 410 into the plurality of sub-Doppler
signals 412, 414, and 416 respectively corresponding to the first through N-th sections set in the sample volume.
[0082] Thereafter, the processor 1010 may generate a plurality of spectral Doppler signals by performing spectral
analysis on each of the sub-Doppler signals 412, 414, and 416. In detail, the processor 1010 may generate first through
N-th spectral Doppler signals by performing spectral analysis such as weighting accumulation and FFT on the sub-
Doppler signals 412, 414, and 416.

[0083] The processor 1010 may then generate, from the plurality of spectral Doppler signals, a spectral Doppler signal
corresponding to the sample volume. According to an embodiment, the processor 1010 may generate a spectral Doppler
signal corresponding to the sample volume by performing weighting accumulation on the plurality of spectral Doppler
signals.

[0084] FIG. 5 is a diagram illustrating a detailed embodiment in which an ultrasonic imaging apparatus generates a
spectral Doppler signal corresponding to a sample volume.

[0085] The processor 1010 may divide a Doppler signal corresponding to a sample volume into a plurality of sub-
Doppler signals and perform spectral analysis on each of the plurality of sub-Doppler signals.

[0086] First, the processor 1010 may perform weighting accumulation on each of the plurality of sub-Doppler signals.
In detail, the processor 1010 may perform weighting accumulation on an m-th sub-Doppler signal from among a number
of M sub-Doppler signals by using Equation (1) below:

N
et )= 3 W(R)-Su(t+At,n)

n=0 (1)

[0087] In Equation (1), S,(t+At, n) denotes a sub-Doppl c,,(t,1) (610) having a time interval of At=1/PRF and N pieces
of sample data in a depth direction, w(n) denotes a window function for weighting accumulation, and c,(t, 1) denotes a
m-th sub-Doppler signal that has undergone the weighting accumulation. According to an embodiment, the window
function w(n) for weighting accumulation may be a hanning window function as shown in Equation (2). According to
another embodiment, the window function w(n) may be a trigometric window function, a Daniel window function, or a
hamming window function.

1|_l—cos 27 —|, 0<n<N
w(n)=<2L N J

0
. ..(2)

[0088] Subsequently, the processor 1010 may perform FFT on the Doppler signal c,, that has undergone the weighting
accumulation by using Equation (3) below:
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p—1 —ipoT
Cm(CO): z Cm€ JPe

p=0 ..(3)

[0089] In Equation (3), the Doppler signal ¢, that has undergone the weighting accumulation may denote P data
sampled with a period T = At in the time domain. Thus, the processor 1010 may perform weighting accumulation and
FFT on each of the M sub-Doppler signals by using Equations (1) through (3).

[0090] Then, the processor 1010 may generate a spectral Doppler signal X,,,(t) by performing an absolute value (ABS)
operation and log transformation on a Doppler signal ¢,,(») that has undergone Fourier transformation by using Equation
(4) below:

X, (1) =1log,(C, (o))

[0091] The processor 1010 may then generate a spectral Doppler signal F(t) corresponding to a sample volume by
performing weighting accumulation on a plurality of spectral Doppler signals X, through Xy, by using Equation (5) below:

- (4)

M
Fin=x w, X, ()

m=0 .. (5)

[0092] According to an embodiment, in Equation (5), a window function w,, for weighting accumulation may be a
hanning window function, a trigometric window function, a Daniel window function, a hamming window function, or the like.
[0093] FIG. 6 is a diagram illustrating an embodiment in which an ultrasonic imaging apparatus generates a spectral
Doppler signal corresponding to a sample volume.

[0094] The processor 1010 may acquire a Doppler signal 610 corresponding to a sample volume set in an ultrasound
image 601. The processor 1010 may then divide the Doppler signal 610 into sub-Doppler signals 612, 614, 616, and
618. Subsequently, the processor 1010 may generate spectral Doppler signals 622, 624, 626, and 628 by performing
spectral analysis on each of the sub-Doppler signals 612, 614, 616, and 618. Although FIG. 6 shows four (4) sub-Doppler
signals and four spectral Doppler signals, the number of sub-Doppler signals and the number of spectral Doppler signals
are not limited thereto.

[0095] Then, the processor 1010 may then determine the spectral Doppler signals 624 and 626 to be effective from
among the spectral Doppler signals 622, 624, 626, and 628. According to an embodiment, the processor 1010 may
determine the spectral Doppler signals 624 and 626 containing relatively little artifact among the spectral Doppler signals
622,624,626, and 628 as effective spectral Doppler signals. According to another embodiment, when the sample volume
is set with respect to a specific blood vessel, the processor 1010 may determine the spectral Doppler signals 624 and
626 representing the specific blood vessel from among the spectral Doppler signals 622, 624, 626, and 628 as effective
spectral Doppler signals. Even though the sample volume is set with respect to a specific blood vessel, a section of the
sample volume may not include the specific blood vessel when the blood vessel is small or a patient moves.

[0096] Next, the processor 1010 may generate a spectral Doppler signal 630 corresponding to the sample volume by
using the effective spectral Doppler signals 624 and 626. According to an embodiment, the processor 1010 may generate
the spectral Doppler signal 630 by performing weighting accumulation on the spectral Doppler signals 624 and 626
determined to be effective.

[0097] Thus, the ultrasonic imaging apparatus 1000 may divide a Doppler signal corresponding to a sample volume
into a plurality of sub-Doppler signals and generate a spectral Doppler signal corresponding to the sample volume from
a plurality of spectral Doppler signals respectively corresponding to the plurality of sub-Doppler signals. Thus, the special
Doppler signal corresponding to the sample volume may be displayed as a high quality image. In other words, by
displaying a spectral Doppler signal corresponding to the sample volume by partially performing weighting accumulation
and Fourier transformation on the Doppler signal, the ultrasonic imaging apparatus 1000 is capable of displaying an
image from which speckle noise is removed and with a clear boundary of a Doppler spectrum.
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[0098] Furthermore, the ultrasonic imaging apparatus 1000 may generate a spectral Doppler signal corresponding to
the sample volume by determining an effective spectral Doppler signal from among a plurality of spectral Doppler signals
respectively corresponding to sections of the sample volume. Thus, the ultrasonic imaging apparatus 1000 may generate
and display a more accurate spectral Doppler signal corresponding to the sample volume.

[0099] FIG. 7 is a flowchart of a method whereby an ultrasonic imaging apparatus displays an ultrasound image,
according to an embodiment.

[0100] The method illustrated in FIG. 7 may be performed by each of the components of the ultrasonic imaging
apparatus 1000 of FIG. 3, and repeated descriptions with respect to FIG. 3 will be omitted here.

[0101] In operation S710, the ultrasonic imaging apparatus 1000 may acquire a Doppler signal corresponding to a
sample volume.

[0102] According to an embodiment, the ultrasonic imaging apparatus 1000 may control a probe to transmit, to a
sample volume, an ultrasound signal which is generated according to a predetermined pulse repetition frequency (PRF)
and receive an echo signal reflected from the sample volume. The ultrasonic imaging apparatus 1000 may then extract
Doppler components with respect to the received echo signal to generate a Doppler signal.

[0103] According to another embodiment, the ultrasonic imaging apparatus 1000 may acquire a Doppler signal cor-
responding to a sample volume from an external server or an external device via a communication module. According
to another embodiment, the ultrasonic imaging apparatus 1000 may acquire a Doppler signal corresponding to the
sample volume prestored in a storage.

[0104] In operation S720, the ultrasonic imaging apparatus 1000 may divide the Doppler signal into a plurality of sub-
Doppler signals. According to an embodiment, the ultrasonic imaging apparatus 1000 may divide the sample volume
into a plurality of sections along a direction in which an ultrasound signal is transmitted and divide the Doppler signal
into a plurality of sub-Doppler signals respectively corresponding to the plurality of sections. Furthermore, the ultrasonic
imaging apparatus 1000 may determine, based on a user input, the number and size of the plurality of sections set in
the sample volume, and accordingly, determine the number and magnitude of the plurality of sub-Doppler signals.
[0105] In operation S730, the ultrasonic imaging apparatus 1000 may generate a plurality of spectral Doppler signals
by performing spectral analysis on each of the sub-Doppler signals. The ultrasonic imaging apparatus 1000 may generate
a plurality of spectral Doppler signals by performing weighting accumulation and FFT with respect to the respective sub-
Doppler signals.

[0106] In operation S740, the ultrasonic imaging apparatus 1000 may generate, from the plurality of spectral Doppler
signals, a spectral Doppler signal corresponding to the sample volume.

[0107] According to an embodiment, the ultrasonic imaging apparatus 1000 may generate a spectral Doppler signal
corresponding to the sample volume by performing weighting accumulation on the plurality of spectral Doppler signals.
According to another embodiment, the ultrasonic imaging apparatus 1000 may determine at least one effective spectral
Doppler signal from among the plurality of spectral Doppler signals and generate a spectral Doppler signal corresponding
to the sample volume based on the determined at least one spectral Doppler signal.

[0108] Inoperation S750, the ultrasonicimaging apparatus 1000 may display the spectral Doppler signal corresponding
to the sample volume.

[0109] FIG. 8 is a block diagram of an ultrasonic imaging apparatus 2000 according to another embodiment.

[0110] The ultrasonic imaging apparatus 2000 may include a processor 2010 and a display 2020. According to an
embodiment, the processor 2010 may correspond to at least one or a combination of the image processor 130 and the
controller 120 described with reference to FIG. 1, and the display 2020 may correspond to the display 140 of FIG. 1.
[0111] FIG. 8 shows that the ultrasonic imaging apparatus 2000 includes only components related to the present
embodiment. Thus, it will be understood by those of ordinary skill in the relevant art that the ultrasonic imaging apparatus
2000 may include other common components as well as the components shown in FIG. 8. For example, the ultrasonic
imaging apparatus 2000 may include at least one of the probe 20, the ultrasound transceiver 110, the storage 150, the
communication module 160, and the input interface 170 described with reference to FIG. 1.

[0112] Furthermore, because the processor 2010 and the display 2020 may respectively correspond to the processor
1010 and the display 1020 described with reference to FIG. 3, repeated descriptions with respect to FIG. 3 will be omitted
here.

[0113] The processor 2010 may acquire a Doppler signal corresponding to a sample volume.

[0114] The processor 2010 may divide an acquired Doppler signal into a plurality of sub-Doppler signals respectively
corresponding to a plurality of sections set in the sample volume. In detail, the processor 2010 may segment the sample
volume into a plurality of sections along a direction in which an ultrasound signal is transmitted or an axial direction of
the sample volume and divide the Doppler signal into a plurality of sub-Doppler signals respectively corresponding to
the plurality of sections. Furthermore, the processor 2010 may determine, based on a user input, the number and size
of the plurality of sections set in the sample volume, and accordingly, determine the number and magnitude of the
plurality of sub-Doppler signals.

[0115] The processor 2010 may generate a plurality of spectral Doppler signals by performing spectral analysis on
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each of the plurality of sub-Doppler signals. According to an embodiment, the processor 2010 may generate a plurality
of spectral Doppler signals by performing weighting accumulation and FFT on the respective sub-Doppler signals.
[0116] According to an embodiment, when the sample volume is set with respect to a blood vessel, the processor
2010 may provide blood flow characteristics in a plurality of sections set in the sample volume by using a plurality of
spectral Doppler signals respectively corresponding to the plurality of sections. For example, for each of a plurality of
sections, the processor 2010 may provide a user with changes in frequency and velocity of blood flow with respect to
time, and may also calculate and provide to the user a peak velocity, a mean velocity, a peak gradient, an acceleration
time, a deceleration time, a peak systolic velocity (PSV), an end diastolic velocity, a resistive index, a pulsatility index, etc.
[0117] The display 2020 may display the generated spectral Doppler signals.

[0118] Furthermore, according to an embodiment, the processor 2010 may generate a plurality of spectral lines re-
spectively corresponding to the plurality of sections of the sample volume by respectively performing line tracing on the
plurality of spectral Doppler signals, and the display 2020 may display the plurality of spectral lines. Line tracing is a
technique for detecting a mean or peak velocity of a spectrum represented by a spectral Doppler signal and tracing a
level of the detected mean or peak velocity.

[0119] FIG. Qillustrates an embodiment in which the ultrasonic imaging apparatus 2000 displays a plurality of spectral
Doppler signals.

[0120] Accordingto an embodiment, the processor 2010 may acquire a Doppler signal 910 corresponding to a sample
volume set in a B-mode ultrasound image 901. Furthermore, the processor 2010 may set a plurality of sections in the
sample volume. In detail, the processor 2010 may set a plurality of sections along an axial direction on the sample
volume. According to an embodiment, as shown in FIG. 9, the processor 2010 may divide the sample volume into first
through N-th sections. For example, when the sample volume is set with respect to a blood vessel, the first section may
be a section close to a blood vessel wall, and the N-th section may be a section close to an opposite blood vessel wall.
[0121] The processor 2010 may then divide the Doppler signal 910 into a plurality of sub-Doppler signals 912, 914,
and 916 respectively corresponding to the plurality of sections set in the sample volume. In detail, the processor 2010
may divide the Doppler signal 910 into the sub-Doppler signals 912, 914, and 916 respectively corresponding to the
first, second, and N-th sections of the sample volume.

[0122] Subsequently, the processor 2010 may generate a plurality of spectral Doppler signals respectively correspond-
ing to the plurality of sections by performing spectral analysis on each of the sub-Doppler signals 912, 914, and 916.
According to an embodiment, the processor 2010 may generate a plurality of spectral Doppler signals by performing
weighting accumulation and FFT on the respective sub-Doppler signals 912, 914, and 916. For example, the processor
2010 may generate a plurality of spectral Doppler signals by applying Equations (1) through (4) of FIG. 5 to the respective
sub-Doppler signals 912, 914, and 916. Thus, the processor 2010 may generate first, second, and N-th spectral Doppler
signals respectively corresponding to the first, second, and N-th sections of the sample volume.

[0123] Then, the display 2020 may display the generated spectral Doppler signals.

[0124] Thus, the ultrasonic imaging apparatus 2000 may simultaneously display spectral Doppler signals respectively
corresponding to a plurality of sections set in a sample volume, thereby providing information about the plurality of
sections of the sample volume to the user. For example, when the sample volume is set with respect to a blood vessel,
the ultrasonic imaging apparatus 2000 may simultaneously provide a user with various pieces of blood flow information
regarding the plurality of sections in the blood vessel. Furthermore, the ultrasonic imaging apparatus may display spectral
Doppler signals respectively corresponding to the sections of the sample volume based on a Doppler signal acquired
every period according to a PRF, thereby providing information regarding each section of the sample volume during the
same time.

[0125] FIG. 10illustrates an embodiment in which the ultrasonic imaging apparatus 2000 displays a plurality of spectral
Doppler signals as a single image.

[0126] Accordingtoanembodiment, the processor 2010 may overlap a plurality of spectral Doppler signals respectively
corresponding to a plurality of sections set in a sample volume with one another. Then, the display 2020 may display
the overlapped spectral Doppler signals as a single image.

[0127] Furthermore, according to an embodiment, the processor 2010 may generate a Doppler spectrum 1001 in
which the overlapped spectral Doppler signals are respectively mapped in different colors. Then, the display 2020 may
display the Doppler spectrum 1001. In other words, the display 2020 may respectively display spectral Doppler signals
corresponding to first, second, and N-th sections of the sample volume in first, second, and N-th colors.

[0128] FIG. 11 illustrates an embodiment in which the ultrasonic imaging apparatus 2000 displays a plurality of spectral
Doppler signals.

[0129] Theprocessor 2010 may generate a plurality of spectral lines respectively corresponding to a plurality of sections
set in a sample volume by respectively performing line tracing on a plurality of spectral Doppler signals. In detail, the
processor 2010 may generate first, second, and N-th spectral lines respectively corresponding to first, second, and N-
th spectral Doppler signals.

[0130] Thus, the processor 2010 may generate and control the display 2020 to display not only a plurality of spectral
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Doppler signals representing the entire spectrum as shown in FIG. 9 but also spectral lines of the plurality of spectral
Doppler signals as shown in FIG. 11.

[0131] FIG. 12 illustrates an embodiment in which the ultrasonic imaging apparatus 2000 provides information about
vascular wall stiffness.

[0132] According to an embodiment, the processor 2010 may generate a single image by superimposing on one
another spectral lines of a plurality of spectral Doppler signals respectively corresponding to a plurality of sections set
in a sample volume.

[0133] Furthermore, the processor 2010 may detect a PSV in each of the plurality of sections of the sample volume
based on the plurality of spectral Doppler signals or spectral lines. Furthermore, the processor 2010 may detect a
difference between PSVs in the respective sections of the sample volume. For example, when the sample volume is
set with respect to an artery, the processor 2010 may generate a spectral Doppler signal or a spectral line for each
section of the artery. In other words, the processor 2010 may respectively generate spectral Doppler signals or spectral
lines in a wall and a central section of the artery. Thus, the processor 2010 may detect a PSV in each section of the
artery based on a spectral Doppler signal or a spectral line generated for each section of the artery and detect a difference
between PSVs in the respective sections of the artery.

[0134] Referring to FIG. 12, when the sample volume is set with respect to a blood vessel, the processor 2010 may
respectively generate spectra lines for sections of the blood vessel, and the display 2020 may display an image 1210
showing the generated spectra lines. Furthermore, the processor 2010 may detect a PSV in each of the sections of the
blood vessel based on a spectral line corresponding to each section of the blood vessel. In addition, the processor 2010
may detect a difference APSV between maximum and minimum values selected from among PSVs detected in the
respective sections of the blood vessel. For example, the difference A PSV may be a difference between PSVs in a
section near a blood vessel wall and a central section of the blood vessel.

[0135] The processor 2010 may generate information about vascular wall stiffness based on a difference APSV. In
the case of a blood vessel, a difference between blood flow velocities in each section of the blood vessel may vary
according to vascular wall stiffness. For example, when the vascular wall stiffness increases, a difference between blood
flow velocities in a central section and a wall of the blood vessel may decrease. When the vascular wall stiffness
decreases, a difference between blood flow velocities in the central section and wall of the blood vessel may increase.
Thus, the processor 2010 may detect a difference APSV for a patient’s blood vessel and assess vascular wall stiffness
in the patient based on the difference A PSV.

[0136] According to an embodiment, the processor 2010 may generate a graph 1220 as information about vascular
wall stiffness. In detail, the processor 2010 may set a sample volume in a patient’s blood vessel, generate a plurality of
spectral Doppler signals respectively corresponding to a plurality of sections of the blood vessel, and detect a difference
APSYV for the blood vessel from the plurality of spectral Doppler signals. Furthermore, the processor 2010 may generate
the graph 1220 for comparing detected difference APSV for the patient with a prestored difference APSV for a normal
person. Thus, by displaying the graph 1220, the display 2020 may provide the patient with information representing
comparison between vascular wall stiffness in the patient and vascular wall stiffness in the normal person.

[0137] FIG. 13illustrates an embodiment in which the ultrasonic imaging apparatus 2000 displays a plurality of spectral
Doppler signals.

[0138] The processor 2010 may set, based on a user input, a sample volume with respect to a blood vessel in a B-
mode ultrasound image 1310. For example, the processor 21010 may set a sample volume with respect to a microscopic
blood vessel in a kidney.

[0139] Next, the processor 2010 may acquire a Doppler signal corresponding to the sample volume and divide the
acquired Doppler signal into first through tenth sub-Doppler signals respectively corresponding to first through tenth
sections of the sample volume. The processor 2010 may then generate spectral Doppler signals respectively corre-
sponding to the first through tenth sections of the sample volume by performing spectral analysis on each of the first
through tenth sub-Doppler signals. As shown in FIG. 13, the display 2020 may display the spectral Doppler signals
respectively corresponding to the first through tenth sections of the sample volume.

[0140] According to an embodiment, the ultrasonic imaging apparatus 2000 may include an input interface 170 via
which a user may select at least one of spectral Doppler signals displayed on the display 2020. After selecting the at
least one spectral Doppler signal, the display 2020 may display only the selected at least one spectral Doppler signal.
For example, when the sample volume is set in a region including a microscopic blood vessel, it may be difficult to
observe a spectral Doppler signal corresponding to the microscopic blood vessel due to movement such as human
body’s respiration. Thus, the ultrasonic imaging apparatus 2000 may provide the user with spectral Doppler signals
respectively corresponding to the first through tenth sections, and the user may select, from among the provided spectral
Doppler signals, spectral Doppler signals that respectively correspond to the sixth and seventh sections and best rep-
resent the microscopic blood vessel. Furthermore, according to an embodiment, the processor 2010 may perform weight-
ing accumulation on the spectral Doppler signals, respectively corresponding to the sixth and seventh sections and
being selected by the user, and display 2020 may display the spectral Doppler signals that have undergone the weighting
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accumulation.

[0141] According to another embodiment, the processor 2010 may select at least one effective spectral Doppler signal
from among the spectral Doppler signals respectively corresponding to the first through tenth sections. Then, the display
2020 may display the selected at least one effective spectral Doppler signal. For example, when the sample volume is
set in a region including a blood vessel, the processor 2010 may select a spectral Doppler signal that best represents
characteristics of the blood vessel from among the spectral Doppler signals respectively corresponding to the first through
tenth sections. During this process, the processor 2010 may exclude, from the spectral Doppler signals, a spectral
Doppler signal representing a spectrum of ultrasound signals reflected from a tissue or containing much artifact.
[0142] FIG. 14 illustrates a method whereby an ultrasonic imaging apparatus displays an ultrasound image, according
to an embodiment.

[0143] The method illustrated in FIG. 14 may be performed by each of the components of the ultrasonic imaging
apparatus 2000 of FIG. 8, and repeated descriptions with respect to FIG. 8 will be omitted here.

[0144] In operation S1410, the ultrasonic imaging apparatus 2000 may acquire a Doppler signal corresponding to a
sample volume.

[0145] In operation S1420, the ultrasonic imaging apparatus 2000 may divide the Doppler signal into a plurality of sub-
Doppler signals respectively corresponding to a plurality of sections set in the sample volume.

[0146] The ultrasonic imaging apparatus 2000 may divide the sample volume into a plurality of sections along a
direction in which an ultrasound signal is transmitted or an axial direction of the sample volume and then divide the
Doppler signal into a plurality of sub-Doppler signals respectively corresponding to the plurality of sections. Furthermore,
the ultrasonic imaging apparatus 2000 may determine, based on a user input, the number and size of the plurality of
sections set in the sample volume, and accordingly, determine the number and magnitude of the plurality of sub-Doppler
signals.

[0147] Inoperation S1430, the ultrasonic imaging apparatus 2000 may generate a plurality of spectral Doppler signals
respectively corresponding to the plurality of sections by performing spectral analysis on each of the sub-Doppler signals.
According to an embodiment, the ultrasonic imaging apparatus 2000 may generate a plurality of spectral Doppler signals
by performing weighting accumulation and FFT on each of a plurality of sub-Doppler signals.

[0148] In operation S1440, the ultrasonic imaging apparatus 2000 may display the plurality of spectral Doppler signals.
[0149] Furthermore, the ultrasonic imaging apparatus 2000 may generate and display a plurality of spectral lines
respectively corresponding to the plurality of sections of the sample volume by respectively performing line tracing on
the plurality of spectral Doppler signals.

[0150] Furthermore, when the sample volume is set with respect to a blood vessel, the ultrasonic imaging apparatus
2000 may generate and display information about vascular wall stiffness based on the plurality of spectral Doppler signals.
[0151] In addition, when the sample volume is set with respect to an object, the ultrasonic imaging apparatus 2000
may select at least one spectral Doppler signal representing the object from among the plurality of spectral Doppler
signals and display the selected at least one spectral Doppler signal.

[0152] FIG. 15 is a block diagram of an ultrasonic imaging apparatus 3000 according to another embodiment.
[0153] The ultrasonic imaging apparatus 3000 may include a processor 3010 and a display 3020. According to an
embodiment, the processor 3010 may correspond to at least one or a combination of the image processor 130 and the
controller 120 described with reference to FIG. 1, and the display 3020 may correspond to the display 140 of FIG. 1.
[0154] FIG. 15 shows that the ultrasonic imaging apparatus 3000 includes only components related to the present
embodiment. Thus, it will be understood by those of ordinary skill in the relevant art that the ultrasonic imaging apparatus
3000 may include other common components as well as the components shown in FIG. 15. For example, the ultrasonic
imaging apparatus 3000 may include at least one of the probe 20, the ultrasound transceiver 110, the storage 150, the
communication module 160, and the input interface 170 described with reference to FIG. 1.

[0155] Furthermore, because the processor 3010 may correspond to the processors 1010 and 2010 respectively
described with reference to FIGS. 3 and 8, and the display 3020 may correspond to the displays 1020 and 2020 respec-
tively described with reference to FIGS. 3 and 8, descriptions that are already provided above with respect to FIGS. 3
and 8 will be omitted here.

[0156] The processor 3010 may acquire a Doppler signal corresponding to a sample volume that is set with respect
to an object. The sample volume may be set with respect to a region including the object. For example, the sample
volume may be set with respect to a region including a specific blood vessel. Furthermore, the processor 3010 may set
a plurality of sections in the sample volume. In detail, the processor 3010 may set a plurality of sections in the sample
volume along an axial direction on the sample volume.

[0157] The processor 3010 may generate a plurality of spectral Doppler signals respectively corresponding to the
plurality of sections by performing spectral analysis on each of the Doppler signal in the plurality of sections. According
to an embodiment, the processor 3010 may divide the Doppler signal into a plurality of sub-Doppler signals respectively
corresponding to the plurality of sections set in the sample volume and perform a plurality of spectral analyses on the
sub-Doppler signals to generate a plurality of spectral Doppler signals respectively corresponding to the plurality of
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sections. According to an embodiment, the processor 3010 may generate a plurality of spectral Doppler signals by
performing weighting accumulation and FFT on the respective sub-Doppler signals. For example, the processor 3010
may generate a plurality of spectral Doppler signals by applying Equations (1) through (4) of FIG. 5 to the respective
sub-Doppler signals.

[0158] The processor 3010 may model an artifact signal in a spectral Doppler signal corresponding to an object by
using a plurality of spectral Doppler signals.

[0159] First, the processor 3010 may determine a spectral Doppler signal corresponding to an object from among a
plurality of spectral Doppler signals. In detail, according to an embodiment, the processor 3010 may determine a spectral
Doppler signal corresponding to a section including an object from among a plurality of sections in a sample volume as
a spectral Doppler signal corresponding to the object. According to another embodiment, the processor 3010 may
generate a spectral Doppler signal corresponding to an object by performing weighting summation on spectral Doppler
signals corresponding to two or more sections including the object from among a plurality of sections of a sample volume.
[0160] Next, the processor 3010 may determine an artifact signal in the spectral Doppler signal corresponding to the
object. In detail, the spectral Doppler signal corresponding to the object may include not only a signal representing the
object but also an ultrasound reflected signal from another object. In other words, the spectral Doppler signal corre-
sponding to the object may be a signal in which a signal representing the object is superimposed with an ultrasound
reflected signal from another object. For example, when an object is a specific blood vessel, a spectral Doppler signal
corresponding to the object may be a signal where a signal representing the specific blood vessel is superimposed with
an ultrasound reflected signal from another blood vessel or a particular tissue. Thus, the processor 3010 may determine
as an artifact signal an ultrasound reflected signal from another object, which is contained in the spectral Doppler signal
corresponding to the object.

[0161] The processor 3010 may then model the artifact signal. According to an embodiment, the processor 3010 may
model the artifact signal by using a spectral Doppler signal corresponding to a section including another object from
among the plurality of spectral Doppler signals. For example, when a spectral Doppler signal corresponding to one
section including another object is included among the plurality of spectral Doppler signals, the processor 3010 may
determine the spectral Doppler signal corresponding to the section including the other object as an artifact signal. As
another example, when spectral Doppler signals respectively corresponding to two or more sections including another
object are included among the plurality of spectral Doppler signals, the processor 3010 may generate an artifact signal
by performing weighting summation on the spectral Doppler signals corresponding to the sections including the other
object.

[0162] Based on the spectral Doppler signal corresponding to the object and the artifact signal, the processor 3010
may generate a spectral Doppler signal corresponding to the object and from which an artifact is removed. According
to an embodiment, the processor 3010 may generate a spectral Doppler signal corresponding to the object and from
which an artifact is removed by performing subtraction between the spectral Doppler signal corresponding to the object
and the artifact signal. In other words, the processor 3010 may remove a signal representing another object from the
spectral Doppler signal corresponding to the object by subtracting the artifact signal from the spectral Doppler signal
corresponding to the object.

[0163] Thedisplay 3020 may display the spectral Doppler signal corresponding to the object and from which the artifact
is removed.

[0164] FIG. 16illustrates an embodiment in which the ultrasonic imaging apparatus 3000 generates a spectral Doppler
signal corresponding to an object.

[0165] The processor 3010 may acquire a Doppler signal 1610 corresponding to a sample volume set in a B-mode
ultrasound image 1601. Furthermore, the processor 3010 may set a plurality of sections in the sample volume.

[0166] The processor 3010 may then divide the Doppler signal 1610 into a plurality of sub-Doppler signals 1612, 1614,
and 1616 respectively corresponding to the plurality of sections set in the sample volume.

[0167] The processor 3010 may generate a plurality of spectral Doppler signals respectively corresponding to the
plurality of sections by performing spectral analysis on each of the sub-Doppler signals 1612, 1614, and 1616.

[0168] The processor 3010 may model an artifact signal in a spectral Doppler signal corresponding to an object by
using the plurality of spectral Doppler signals.

[0169] First, the processor 3010 may determine a spectral Doppler signal corresponding to a section including an
object from among the plurality of sections of the sample volume as a spectral Doppler signal corresponding to the object.
[0170] Next, the processor 3010 may determine an artifact signal in the spectral Doppler signal corresponding to the
object. The processor 3010 may determine as an artifact signal an ultrasound reflected signal from another object, which
is contained in the spectral Doppler signal corresponding to the object.

[0171] The processor 3010 may then determine a spectral Doppler signal corresponding to a section including another
object as an artifact signal.

[0172] The processor 3010 may generate, based on the spectral Doppler signal corresponding to the object and the
artifact signal, a spectral Doppler signal corresponding to the object and from which an artifact is removed.
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[0173] FIG. 17 illustrates a detailed embodiment in which the ultrasonic imaging apparatus 3000 generates a spectral
Doppler signal corresponding to an object.

[0174] The processor 3010 may acquire a Doppler signal 1710 corresponding to a sample volume set in an ultrasound
image 1701. The sample volume may be set to include a venous region 1703 and an arterial region 1705.

[0175] The processor 3010 may divide the Doppler signal 1710 into a plurality of sub-Doppler signals 1712, 1714, and
1716 respectively corresponding to a plurality of sections set in the sample volume. The processor 3010 may then
generate a plurality of spectral Doppler signals respectively corresponding to the plurality of sections by performing
spectral analysis on each of the sub-Doppler signals 1712, 1714, and 1716.

[0176] The processor 3010 may determine a spectral Doppler signal corresponding to a section including a vein from
among the plurality of sections of the sample volume as a spectral Doppler signal 1720 corresponding to an object. The
spectral Doppler signal 1720 corresponding to the object may be a signal in which a spectral Doppler signal representing
the vein is superimposed with an ultrasound reflected signal from an artery. Thus, the processor 3010 may determine
the ultrasound reflected signal from the artery as an artifact signal in the spectral Doppler signal 1720 corresponding to
the object.

[0177] The processor 3010 may determine as an artifact signal 1730 a spectral Doppler signal corresponding to a
section including the artery from among the plurality of spectral Doppler signals.

[0178] The processor 3010 may generate, based on the spectral Doppler signal 1720 corresponding to the object and
the artifact signal 1730, a spectral Doppler signal 1740 corresponding to the object and from which an artifact is removed.
In other words, the processor 3010 may generate the spectral Doppler signal 1740 as a signal obtained by removing
the ultrasound reflected signal from the artery from the spectral Doppler signal 1720.

[0179] According to another embodiment, unlike in FIG. 17, the processor 3010 may determine a spectral Doppler
signal corresponding to a section including an artery from among the plurality of sections of the sample volume as a
spectral Doppler signal corresponding to an object, and a spectral Doppler signal corresponding to a section including
a vein from among the plurality of spectral Doppler signals as an artifact signal. In other words, because the spectral
Doppler signal corresponding to the object may include not only a spectral Doppler signal representing the artery but
also an ultrasound reflected signal from the vein, the spectral Doppler signal corresponding to the section including the
vein may be determined as an artifact signal. Thus, the processor 3010 may generate a spectral Doppler signal as a
signal obtained by removing the ultrasound reflected signal from the vein from the spectral Doppler signal corresponding
to the artery.

[0180] FIG. 18 illustrates another embodiment in which the ultrasonic imaging apparatus 3000 generates a spectral
Doppler signal corresponding to an object.

[0181] The ultrasonic imaging apparatus 3000 may include the ultrasound transceiver 110.

[0182] Theultrasound transceiver 110 may transmit ultrasound signals along a pulse Doppler line 1801 passing through
a sample volume set with respect to an object and receive echo signals reflected from the sample volume and at least
one volume on the pulse Doppler line 1801. The processor 3010 may acquire from the received echo signals a Doppler
signal 1810 corresponding to the sample volume and at least one Doppler signal 1820 corresponding to the at least one
volume.

[0183] The processor 3010 may generate a spectral Doppler signal corresponding to the object by performing spectral
analysis on the Doppler signal 1810 corresponding to the sample volume. Furthermore, the processor 3010 may generate
at least one spectral Doppler signal corresponding to the at least one volume by performing spectral analysis on the at
least one Doppler signal 1820 corresponding to the at least one volume.

[0184] The processor 3010 may model an artifact signal in the spectral Doppler signal corresponding to the object by
using the at least one spectral Doppler signal. The processor 3010 may determine as an artifact signal an ultrasound
reflected signal from another object, which is contained in the spectral Doppler signal corresponding to the object. The
processor 3010 may determine as an artifact signal a spectral Doppler signal corresponding to a volume including
another object from among the at least one volume.

[0185] Thus, the processor 3010 may generate, based on the spectral Doppler signal corresponding to the object and
the artifact signal, a spectral Doppler signal corresponding to the object and from which an artifact is removed.

[0186] FIG. 19 is a flowchart of a method whereby an ultrasonic imaging apparatus displays an ultrasound image,
according to an embodiment.

[0187] The method illustrated in FIG. 19 may be performed by each of the components of the ultrasonic imaging
apparatus 3000 of FIG. 15, and repeated descriptions with respect to FIG. 15 will be omitted here.

[0188] In operation S1910, the ultrasonic imaging apparatus 3000 may acquire a Doppler signal corresponding to a
sample volume set with respect to an object. Furthermore, the ultrasonic imaging apparatus may set a plurality of sections
in the sample volume.

[0189] In operation S1920, the ultrasonic imaging apparatus 3000 may generate a plurality of spectral Doppler signals
respectively corresponding to the plurality of sections set in the sample volume by performing a spectral on each of the
Doppler signal from the plurality of sections. According to an embodiment, the ultrasonic imaging apparatus 3000 may
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divide the Doppler signal into a plurality of sub-Doppler signals respectively corresponding to the plurality of sections
set in the sample volume and generate a plurality of spectral Doppler signals respectively corresponding to the plurality
of sections by performing a plurality of spectral analyses. According to an embodiment, the ultrasonic imaging apparatus
300 may generate a plurality of spectral Doppler signals by performing weighting accumulation and FFT on the respective
sub-Doppler signals.

[0190] In operation S1930, the ultrasonic imaging apparatus 3000 may model an artifact signal in a spectral Doppler
signal corresponding to the object by using the plurality of spectral Doppler signals.

[0191] The ultrasonic imaging apparatus 3000 may determine a spectral Doppler signal corresponding to the object
from among the plurality of spectral Doppler signals. The ultrasonic imaging apparatus 3000 may determine a spectral
Doppler signal corresponding to a section including the object from among the plurality of sections of the sample volume
as a spectral Doppler signal corresponding to the object.

[0192] The ultrasonic imaging apparatus 3000 may determine an artifact signal in the spectral Doppler signal corre-
sponding to the object. The ultrasonic imaging apparatus 3000 may determine as an artifact signal an ultrasound reflected
signal from another object, which is contained in the spectral Doppler signal corresponding to the object. The ultrasonic
imaging apparatus 3000 may model an artifact signal by using a spectral Doppler signal corresponding to a section
including another object from among the plurality of spectral Doppler signals.

[0193] Inoperation S1940, the ultrasonic imaging apparatus 3000 may generate, based on the spectral Doppler signal
corresponding to the object and the artifact signal, a spectral Doppler signal corresponding to the object and from which
an artifact is removed. The ultrasonic imaging apparatus 3000 may generate a spectral Doppler signal corresponding
to the object and from which an artifact is removed by performing subtraction between the spectral Doppler signal
corresponding to the object and the artifact signal.

[0194] Inoperation S1950, the ultrasonic imaging apparatus 3000 may display the spectral Doppler signal correspond-
ing to the object and from which the artifact is removed.

[0195] The embodiments may be implemented through computer-readable recording media having stored thereon
computer-executable instructions and data. The instructions may be stored in the form of program codes, and when
executed by a processor, may generate a predetermined program module to perform a specific operation. Furthermore,
when being executed by the processor, the instructions may perform specific operations according to the embodiments.
[0196] While embodiments of the disclosure have been particularly shown and described with reference to the ac-
companying drawings, it will be understood by those of ordinary skill in the art that various changes in form and details
may be made therein without departing from the spirit and essential characteristics of the present disclosure. Accordingly,
the above embodiments and all aspects thereof are examples only and are not limiting.

Claims
1. An ultrasonic imaging apparatus comprising:

a processor configured to acquire a Doppler signal corresponding to a sample volume, divide the Doppler signal
into a plurality of sub-Doppler signals, generate a plurality of spectral Doppler signals by performing spectral
analysis on each of the plurality of sub-Doppler signals, and generate, from the plurality of spectral Doppler
signals, a spectral Doppler signal corresponding to the sample volume; and

a display displaying the spectral Doppler signal corresponding to the sample volume.

2. The ultrasonic imaging apparatus of claim 1, wherein the processor is further configured to generate the plurality of
spectral Doppler signals by performing weighting accumulation and Fourier Transform on each of the plurality of
sub-Doppler signals.

3. The ultrasonic imaging apparatus of claim 1, wherein the processor is further configured to generate the spectral
Doppler signal corresponding to the sample volume by performing weighting accumulation on the plurality of spectral
Doppler signals.

4. The ultrasonic imaging apparatus of claim 1, wherein the processor is further configured to divide the Doppler signal
into the plurality of sub-Doppler signals respectively corresponding to a plurality of sections set in the sample volume.

5. The ultrasonic imaging apparatus of claim 4, wherein the processor is further configured to generate the plurality of

spectral Doppler signals respectively corresponding to the plurality of sections, and
wherein the display displays the plurality of spectral Doppler signals.
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The ultrasonic imaging apparatus of claim 4, wherein the number and length of the plurality of sections are set based
on a user input.

The ultrasonic imaging apparatus of claim 1, wherein the processor is further configured to:

determine at least one effective spectral Doppler signal from among the plurality of spectral Doppler signals; and
generate the spectral Doppler signal corresponding to the sample volume from the determined at least one
spectral Doppler signal.

The ultrasonic imaging apparatus of claim 1, further comprising an ultrasound transceiver configured to control a
probe to transmit a generated ultrasound signal to the sample volume as many times as a predetermined ensemble
number and according to a preset pulse repetition frequency (PRF), and receive an echo signal reflected from the
sample volume,

wherein the processor is further configured to acquire the Doppler signal based on the echo signal.

The ultrasonic imaging apparatus of claim 1, wherein the processor is further configured to acquire the Doppler
signal corresponding to the sample volume set with respect to an object, model an artifact signal in a spectral Doppler
signal corresponding to the object by using the plurality of spectral Doppler signals, and generate, based on the
spectral Doppler signal corresponding to the object and the artifact signal, a spectral Doppler signal corresponding
to the object and from which an artifact is removed, and

wherein the display displays the spectral Doppler signal corresponding to the object and from which the artifact is
removed.

A method of displaying an ultrasound image, the method comprising:

acquiring a Doppler signal corresponding to a sample volume;

dividing the Doppler signal into a plurality of sub-Doppler signals;

generating a plurality of spectral Doppler signals by performing spectral analysis on each of the plurality of sub-
Doppler signals;

generating, from the plurality of spectral Doppler signals, a spectral Doppler signal corresponding to the sample
volume; and

displaying the spectral Doppler signal corresponding to the sample volume.

The method of claim 10, wherein the generating of the plurality of spectral Doppler signals comprises generating
the plurality of spectral Doppler signals by performing weighting accumulation and Fourier Transform on each of
the plurality of sub-Doppler signals.

The method of claim 10, wherein the generating of the spectral Doppler signal corresponding to the sample volume
comprises generating the spectral Doppler signal corresponding to the sample volume by performing weighting
accumulation on the plurality of spectral Doppler signals, and

wherein the dividing of the Doppler signal comprises dividing the Doppler signal into the plurality of sub-Doppler
signals respectively corresponding to a plurality of sections set in the sample volume.

The method of claim 10, further comprising:

determining atleast one effective spectral Doppler signal from among the plurality of spectral Doppler signals; and
generating the spectral Doppler signal corresponding to the sample volume from the determined at least one
spectral Doppler signal.

The method of claim 10, further comprising controlling a probe to transmit a generated ultrasound signal to the
sample volume by as many times as a predetermined ensemble number and according to a preset pulse repetition
frequency (PRF), and receiving an echo signal reflected from the sample volume,

wherein the acquiring of the Doppler signal comprises acquiring the Doppler signal based on the echo signal.

A computer-readable recording medium having recorded thereon a program for executing the method of claim 10
on a computer.
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FIG. 7
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FIG. 14
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FIG. 19
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