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ULTRASOUND IMAGING APPARATUS AND
METHOD FOR DISPLAYING ULTRASOUND
IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/702,578, filed on Jul. 24, 2018, in
the US Patent Office and Korean Patent Application No.
10-2018-0141135, filed on Nov. 15, 2018, in the Korean
Intellectual Property Office, the disclosures of which are
incorporated herein in their entireties by reference.

BACKGROUND

1. Field

[0002] The disclosure relates to ultrasound imaging appa-
ratuses and methods, and more particularly, to ultrasound
imaging apparatuses and methods for displaying an image
by using an ultrasound image composed of a plurality of
subframes.

2. Description of Related Art

[0003] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive information of signals reflected from the
object, thereby obtaining at least one image of an internal
part (e.g., soft tissues or blood flow) of the object. In
particular, ultrasound diagnosis apparatuses are used for
medical purposes including observing an internal area of an
object, detecting foreign substances, and assessing injuries.
Such ultrasound diagnosis apparatuses exhibit high stability,
display images in real-time, and are safe due to lack of
radiation exposure, compared to diagnostic X-ray appara-
tuses. Therefore, ultrasound diagnosis apparatuses have
been widely used together with other types of imaging
diagnosis apparatuses including a computed tomography
(CT) apparatus and a magnetic resonance imaging (MRI)
apparatus.

SUMMARY

[0004] Provided are methods and apparatuses for provid-
ing an ultrasound image more smoothly, and in particular,
methods and apparatus for more smoothly providing an
ultrasound image including a frame composed of a plurality
of subframes.

[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 pre-
sented embodiments.

[0006] In accordance with an aspect of the disclosure, an
ultrasound imaging apparatus includes: a display; and a
processor configured to set, from among a plurality of scan
lines, a plurality of scan line groups respectively corre-
sponding to a plurality of subframes constituting a first
frame, control the display to display the first frame, set, from
among the plurality of scan lines, a plurality of scan line
groups respectively corresponding to a plurality of sub-
frames constituting a second frame, and control the display
to display the second frame subsequently to the first frame.
The processor may set the plurality of scan line groups such
that a position of a boundary line between adjacent ones of
the plurality of subframes in the first frame does not overlap
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a position of a boundary line between adjacent ones of the
plurality of subframes in the second frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0008] FIG. 1is a block diagram illustrating an ultrasound
diagnosis apparatus according to an exemplary embodiment;
[0009] FIGS. 2A, 2B, and 2C are diagrams respectively
illustrating an ultrasound diagnosis apparatus according to
an exemplary embodiment;

[0010] FIG. 3 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an embodiment;
[0011] FIG. 4 illustrates a method whereby an ultrasound
imaging apparatus generates a first frame, according to an
embodiment;

[0012] FIG. 5 illustrates a method whereby an ultrasound
imaging apparatus generates a second frame, according to an
embodiment;

[0013] FIG. 6 illustrates a subframe sequence according to
an embodiment;

[0014] FIG. 7 illustrates a subframe sequence according to
an embodiment;

[0015] FIG. 8 illustrates a subframe sequence according to
an embodiment;

[0016] FIG. 9 illustrates a method of displaying a frame
according to an embodiment; and

[0017] FIG. 10 is a flowchart of a method of displaying an
ultrasound image, according to an embodiment.

DETAILED DESCRIPTION

[0018] 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 and
should not be construed as being limited to the descriptions
set forth herein.

[0019] 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” used herein may
be implemented using hardware or software, and according
to embodiments, a plurality of “parts” or “portions” may be
formed as a single unit or element, or one “part” or “portion”
may include a plurality of units or elements. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list. Hereinafter, the operating
principles and embodiments of the disclosure will be
described in detail with reference to the accompanying
drawings.

[0020] In exemplary embodiments, an image may include
any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI)
apparatus, a computed tomography (CT) apparatus, an ultra-
sound imaging apparatus, or an X-ray apparatus.

[0021] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
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animal, or a part thereof. For example, an object may include
a part of a human, that is, an organ or a tissue, or a phantom.
[0022] Throughout the specification, an ultrasound image
refers to an image of an object processed based on ultra-
sound signals transmitted to the object and reflected there-
from.

[0023] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nostic apparatus, according to an exemplary embodiment.
[0024] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, an image processor 130, one or more
displays 140, a storage 150, e.g., a memory, a communicator
160, i.e., a communication device or an interface, and an
input interface 170.

[0025] The ultrasound diagnosis apparatus 100 may be of
a cart-type or a portable-type ultrasound diagnosis appara-
tus, that is portable, moveable, mobile, or hand-held.
Examples of the portable-type ultrasound diagnosis appara-
tus 100 may include a smart phone, a laptop computer, a
personal digital assistant (PDA), and a tablet personal com-
puter (PC), each of which may include a probe and a
software application, but embodiments are not limited
thereto.

[0026] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmitting signals
received by the probe 20, from a transmitter 113. The
plurality of transducers may receive ultrasound signals
reflected from the object 10 to generate reception signals. In
addition, the probe 20 and the ultrasound diagnosis appara-
tus 100 may be formed in one body (e.g., disposed in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., disposed
separately in separate housings) but linked wirelessly or via
wires. In addition, the ultrasound diagnosis apparatus 100
may include one or more probes 20 according to embodi-
ments.

[0027] 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.

[0028] 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 con-
verted into digital form, based on a position and a focal point
of the plurality of transducers.

[0029] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated from the
ultrasound receiver 115.

[0030] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include two or more displays
140 according to the present exemplary embodiment. The
display 140 may include a touch screen in combination with
a touch panel.

[0031] 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
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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.

[0032] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0033] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0034] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the controller 120 so that the
controller 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.
[0035] The controller 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
external apparatus may be controlled in response to the
control signal of the controller 120.

[0036] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the controller 120 received via the communicator 160.
[0037] 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.

[0038] 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.

[0039] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0040] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0041] An example of the ultrasound diagnosis apparatus
100 according to the present exemplary embodiment is
described below with reference to FIGS. 2A, 2B, and 2C.
[0042] FIGS. 2A, 2B, and 2C are diagrams illustrating
ultrasound diagnosis apparatus according to an exemplary
embodiment.
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[0043] Referring to FIGS. 2A and 2B, the ultrasound
diagnosis apparatus 100 may include a main display 121 and
a sub-display 122. At least one among the main display 121
and the sub-display 122 may include a touch screen. The
main display 121 and the sub-display 122 may display
ultrasound images and/or various information processed by
the ultrasound diagnosis apparatus 100. The main display
121 and the sub-display 122 may provide graphical user
interfaces (GUI), thereby receiving user’s inputs of data to
control the ultrasound diagnosis apparatus 100. For
example, the main display 121 may display an ultrasound
image and the sub-display 122 may display 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 100 may control
the display of the ultrasound image on the main display 121
by using the input control data.

[0044] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 100 may include a control panel 165. The control
panel 165 may include buttons, trackballs, jog switches, or
knobs, and may receive data to control the ultrasound
diagnosis apparatus 100 from the user. For example, the
control panel 165 may include a time gain compensation
(TGC) button 171 and a freeze button 172. The TGC button
171 is to set a TGC value for each depth of an ultrasound
image. Also, when an input of the freeze button 172 is
detected during scanning an ultrasound image, the ultra-
sound diagnosis apparatus 100 may keep displaying a frame
image at that time point.

[0045] 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.

[0046] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100 may include a portable device. An example of
the portable ultrasound diagnosis apparatus 100 may
include, for example, smart phones including probes and
applications, laptop computers, personal digital assistants
(PDAS), or tablet PCs, but an exemplary embodiment is not
limited thereto.

[0047] The ultrasound diagnosis apparatus 100 may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100, and a GUI.

[0048] FIG. 3 is a block diagram of a configuration of an
ultrasound imaging apparatus 300 according to an embodi-
ment.

[0049] Referring to FIG. 3, the ultrasound imaging appa-
ratus 300 includes an input interface 310, a processor 320,
and a display 330. The ultrasound imaging apparatus 300
may correspond to the ultrasound diagnosis apparatus 100 of
FIG. 1. Furthermore, the ultrasound imaging apparatus 300
may be implemented in the same form as the ultrasound
diagnosis apparatus 100A, 100B, or 100C described with
reference to FIG. 2. In an embodiment, the input interface of
FIG. 3 may include the input interface 170 described with
reference to FIG. 1. Furthermore, the processor 320 may
correspond to the controller 120 and the image processor
130 described with reference to FIG. 1. The processor 320
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may include one or a plurality of processors. The display 330
may correspond to the display 140 described with reference
to FIG. 1.

[0050] According to an embodiment, the ultrasound imag-
ing apparatus 300 may include fewer components than those
shown in FIG. 3 or may further include another component.
For example, the ultrasound imaging apparatus 300 may not
include the input interface 310 and receive a user input from
a separate device.

[0051] According to an embodiment, the ultrasound imag-
ing apparatus 300 may include a probe (not shown) config-
ured to transmit ultrasound signals to an object and detect
ultrasound echo signals. In an embodiment, the probe may
transmit ultrasound signals to the object along a plurality of
scan lines and receive ultrasound echo signals reflected from
the object.

[0052] The processor 320 may acquire ultrasound data
with respect to an object from ultrasound echo signals.
According to an embodiment, the processor 320 may
acquire brightness (B) mode image data with respect to a
region of interest (ROT) from ultrasound echo signals. Alter-
natively, the processor 320 may acquire, based on ultrasound
echo signals, ultrasound image data including at least one of
spectral Doppler image data, color Doppler image data,
elasticity image data, and motion (M) mode image data with
respect to an ROI, but types of ultrasound image data that are
to be acquired by the processor 320 are not limited thereto.
The color Doppler image data may include at least one of
blood flow Doppler image data and tissue Doppler image
data.

[0053] In the present disclosure, an ROI may be a specific
region of an object of which an ultrasound image is to be
generated, such as a region of the object including a par-
ticular lesion. However, the ROI is not limited to the
above-described example.

[0054] According to an embodiment, the processor 320
may generate an ultrasound image based on acquired ultra-
sound data in units of subframes. In detail, the processor 320
may generate a plurality of subframes that constitute a
frame, each subframe representing a portion of an image of
an ROI. Furthermore, a frame formed by the processor 320
may correspond to the entire image of an ROI displayed on
the display 330 or a portion of the entire image. For
example, the processor 320 may align subframes adjacent to
one another to form a single frame.

[0055] According to an embodiment, the processor 320
may set, from among a plurality of scan lines, a plurality of
scan line groups respectively corresponding to a plurality of
subframes that form a first frame. In this case, each of the set
scan line groups may include a plurality of scan lines for
acquiring data corresponding to each subframe.

[0056] The processor 320 may transmit an ultrasound
signal to a target position on a determined scan line group.
The ultrasound imaging apparatus 300 may generate a
subframe by using an ultrasound echo signal acquired in
response to the transmitted ultrasound signal.

[0057] According to an embodiment, the plurality of sub-
frames may each have the same size. In other words, each
scan line group corresponding to a subframe may include the
same number of scan lines.

[0058] According to an embodiment, the plurality of sub-
frames may be acquired in an interleaved manner. For
example, the processor 320 may discontinuously generate
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the plurality of subframes by allowing ultrasound signals to
be discontinuously transmitted to the plurality of scan line
groups.

[0059] The processor 320 may control the display 330 to
display the first frame. In an embodiment, the processor 320
may control the display 330 to display the first frame on a
subframe-by-subframe basis. For example, the processor
320 may control the display 330 such that a plurality of
subframes constituting the first frame are sequentially accu-
mulated in the order that they are generated and then
displayed. In detail, when the first frame includes first
through third subframes, the processor 320 may control the
display 330 to first display the first subframe, then display
the first and second subframes together when the second
subframe is generated, and finally display the first through
third subframes together when the third subframe is gener-
ated. Alternatively, the processor 320 may control the dis-
play 330 to simultaneously display the plurality of sub-
frames forming the first frame.

[0060] According to an embodiment, the processor 320
may determine a plurality of subframes that constitute a
second frame showing an ROI. In this case, the second frame
may be displayed on the display 330 successively to the first
frame. On the display 330, positions of the plurality of
subframes forming the second frame may be different from
positions of the subframes forming the first frame. In detail,
the processor 320 may determine the plurality of subframes
forming the second frame in such a manner that a position
of a boundary line between adjacent ones of the subframes
in the first frame does not overlap a position of a boundary
line between adjacent ones of the subframes in the second
frame.

[0061] According to an embodiment, the processor 320
may set the number of scan lines included in a scan line
group corresponding to a subframe to a number other than
a divisor of the number of all the scan lines. An operation of
the processor 320 setting the number of scan lines and
accordingly setting a subframe will be described in more
detail below with reference to FIGS. 4 and 5.

[0062] According to an embodiment, the processor 320
may set a plurality of scan line groups such that a first scan
line corresponding to a first subframe among the plurality of
subframes in the second frame is located next to a last scan
line corresponding to a last subframe among the plurality of
subframes in the first frame.

[0063] According to an embodiment, the processor 320
may further include a memory for storing a predetermined
subframe sequence. The processor 320 may set a plurality of
scan line groups based on the subframe sequence stored in
the memory. In this case, the subframe sequence may be
information indicative of scan line groups that are to be
selected to repeatedly generate subframes during acquisition
of an ultrasound image.

[0064] The processor 320 may be formed as a hardware
unit including a memory and a processor. The memory
stores at least one of application data, an algorithm, and a
program for performing calculations such that a position of
a boundary line between adjacent ones of the subframes in
the first frame does not overlap a position of a boundary line
between adjacent ones of the subframes in the second frame.
The processor processes the program, algorithm, or appli-
cation data stored in the memory. For example, the processor
320 may consist of a processor including at least one of a
central processing unit (CPU), a microprocessor, and a
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graphic processing unit (GPU). In this case, the memory and
the processor may be formed as a single chip, but are not
limited thereto.

[0065] FIG. 4 illustrates a method whereby an ultrasound
imaging apparatus generates a first frame, according to an
embodiment.

[0066] Referring to FIG. 4, a first frame Frame 1 may be
a portion of the entire ultrasound image 400 of an ROI.
However, this is merely an example, and the first frame
Frame 1 may include all portions of the entire ultrasound
image 400. In addition, although FIG. 4 shows that the first
frame Frame 1 includes four subframes SF1 through SF4,
this is merely an example, and it will be fully understood by
those of ordinary skill in the art that the number of sub-
frames contained in the first frame Frame 1 is not limited to
4.

[0067] FIG. 4 illustrates an example in which the entire
ultrasound image 400 of the ROI is obtained in correspon-
dence to a plurality of scan lines 0 through 267, i.e., 268 scan
lines, and the first frame Frame 1 is acquired in correspon-
dence to 256 scan lines 0 through 255. In this case, the
ultrasound imaging apparatus may determine a plurality of
subframes SF1 through SF4 forming the first frame Frame 1
and set, from among the plurality of scan lines 0 through
267, a plurality of scan line groups respectively correspond-
ing to the determined subframes SF1 through SF4. For
example, the ultrasound imaging apparatus may set a scan
line group including scan lines 0 through 63 corresponding
to a first subframe SF1, a scan line group including scan
lines 64 through 127 corresponding to a second subframe
SF2, a scan line group including scan lines 128 through 191
corresponding to a third subframe SF3, and a scan line group
including scan lines 192 through 255 corresponding to a
fourth subframe SF4. Although FIG. 4 shows scan lines in
one scan line group as continuous scan lines, according to an
embodiment, scan lines in a scan line group corresponding
to a single subframe may be discontinuous scan lines. For
example, one subframe may be acquired in correspondence
to discontinuous scan lines 256 through 267 and 0 through
51

[0068] The ultrasound imaging apparatus may generate
the first frame Frame 1 by using the subframes SF1 through
SF4 respectively acquired in correspondence to the scan line
groups. For example, the ultrasound imaging apparatus may
generate the first frame Frame 1 by arranging the subframes
SF1 through SF4 adjacent to one another. In this case,
boundary lines BL1 through BL3 may each exist between
adjacent ones of the subframes SF1 through SF4 forming the
first frame Frame 1.

[0069] FIG. 5 illustrates a method whereby an ultrasound
imaging apparatus generates a second frame, according to an
embodiment.

[0070] Referring to FIG. 5, a second frame Frame 2 may
be a portion of the entire ultrasound image 500 of an ROL.
However, this is merely an example, and the second frame
Frame 2 may include all portions of the entire ultrasound
image 500. In addition, although FIG. 5 shows that the
second frame Frame 2 includes four subframes SF1 through
SF4, it will be fully understood by those of ordinary skill in
the art that the number of subframes contained in the second
frame Frame 2 is not limited to 4.

[0071] FIG. 5 illustrates an example in which the entire
ultrasound image 500 of the ROI is obtained in correspon-
dence to a plurality of scan lines 0 through 267, i.e. 268 scan
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lines, and the second frame Frame 2 is acquired in corre-
spondence to 256 scan lines 11 through 267. In this case, the
ultrasound imaging apparatus may determine a plurality of
subframes SF1 through SF4 forming the second frame
Frame 2 such that a position of a boundary line between
adjacent ones of subframes in a first frame displayed earlier
than the second frame Frame 2 does not overlap a position
of a boundary line between adjacent ones of the subframes
SF1 through SF4 in the second frame Frame 2.

[0072] Furthermore, the ultrasound imaging apparatus set,
from among the plurality of scan lines 0 through 267, a
plurality of scan line groups respectively corresponding to
the determined subframes SF1 through SF4. For example,
the ultrasound imaging apparatus may set a scan line group
including scan lines 11 through 74 corresponding to a first
subframe SF1, a scan line group including scan lines 75
through 138 corresponding to a second subframe SF2, a scan
line group including scan lines 139 through 202 correspond-
ing to a third subframe SF3, and a scan line group including
scan lines 203 through 267 corresponding to a fourth sub-
frame SF4.

[0073] The ultrasound imaging apparatus may generate
the second frame Frame 2 by using the subframes SF1
through SF4 respectively acquired in correspondence to the
scan line groups. In this case, boundary lines BL1 through
BL3 may each exist between adjacent ones of the subframes
SF1 through SF4 forming the second frame Frame 2.
[0074] As described with reference to FIGS. 4 and 5, the
ultrasound imaging apparatus may set a plurality of sub-
frames and their corresponding scan line groups for first and
second frames such that a position of a boundary line
between adjacent ones of a plurality of subframes in the first
frame does not overlap a position of a boundary line between
adjacent ones of a plurality of subframes in the second
frame. According to an embodiment, the ultrasound imaging
apparatus is configured such that a boundary line between
subframes in one frame does not overlap a boundary line
between subframes in another frame displayed on a display
successively to the one frame, thereby reducing seam arti-
facts occurring in an ultrasound image.

[0075] In the embodiments described with reference to
FIGS. 4 and 5, positions of the first frame Frame 1 and the
second frame Frame 2 are set to be different from each other,
and sizes of the subframes SF1 through SF4 are set to be
equal to each other. However, a method of setting a subframe
is not limited to the embodiments. For example, the ultra-
sound imaging apparatus may vary the size of each subframe
such that a position of a boundary line between a plurality
of subframes in a first frame does not overlap a position of
a boundary line between a plurality of subframes in a second
frame.

[0076] FIG. 6 illustrates a subframe sequence according to
an embodiment.

[0077] Referring to FIG. 6, an ultrasound imaging appa-
ratus may select scan line groups by iteratively referring to
a subframe sequence including 268 subframes. In an
embodiment, the number of scan lines corresponding to each
subframe is equally 64, and the subframe sequence may
include 67 frames. However, this is merely an example, and
it will be appreciated by those of ordinary skill in the art that
the numbers of subframes and frames in the subframe
sequence are not limited thereto.

[0078] Referring to FIG. 6, the ultrasound imaging appa-
ratus may generate a first frame including first through
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fourth subframes. Furthermore, the ultrasound imaging
apparatus may generate a second frame including fifth
through eighth subframes.

[0079] In an embodiment, a first scan line in each sub-
frame may be set to be located next to a last scan line in its
preceding subframe. Furthermore, the ultrasound imaging
apparatus may set a scan line group such that a first scan line
0 is selected again after a last scan line 267 is selected. For
example, the ultrasound imaging apparatus may set a scan
line group including scan lines 256 through 267 and 0
through 51 corresponding to a fifth subframe after setting a
scan line group including scan lines 192 through 255 cor-
responding to a fourth subframe.

[0080] According to an embodiment, the ultrasound imag-
ing apparatus may set the number of scan lines correspond-
ing to each subframe to a number other than a divisor of the
number of all scan lines. In other words, the ultrasound
imaging apparatus may set positions of subframes in con-
secutive frames to be different from each other by making a
total number of scan lines in one frame different from the
number of all the scan lines.

[0081] Furthermore, in an embodiment, the ultrasound
imaging apparatus may set the subframe sequence such that
alast scan line in a scan line group corresponding to a 268-th
subframe that is a last subframe in the subframe sequence
ends with the last scan line 267 among all the scan lines. In
this way, the ultrasound imaging apparatus may continu-
ously acquire an ultrasound image corresponding to each
subframe by repeatedly referring to the subframe sequence.
[0082] FIG. 7 illustrates a subframe sequence according to
an embodiment.

[0083] Referring to FIG. 7, an ultrasound imaging appa-
ratus may select scan line groups by iteratively referring to
a subframe sequence including 20 subframes. In an embodi-
ment, the number of scan lines corresponding to each
subframe is equally 64, and the subframe sequence may
include 5 frames.

[0084] Referring to FIG. 7, the ultrasound imaging appa-
ratus may generate a first frame including first through
fourth subframes. Furthermore, the ultrasound imaging
apparatus may generate a second frame including fifth
through eighth subframes.

[0085] In an embodiment, a first scan line in each sub-
frame may be set to be located next to a last scan line in its
preceding subframe. Furthermore, the ultrasound imaging
apparatus may set a scan line group such that a first scan line
0 is selected again after a last scan line 267 is selected. For
example, the ultrasound imaging apparatus may set a scan
line group including scan lines 256 through 267 and 0
through 51 corresponding to a fifth subframe after setting a
scan line group including scan lines 192 through 255 cor-
responding to a fourth subframe.

[0086] According to an embodiment, the ultrasound imag-
ing apparatus may set the number of scan lines correspond-
ing to each subframe to a number other than a divisor of the
number of all scan lines. In other words, the ultrasound
imaging apparatus may set positions of subframes in con-
secutive frames to be different from each other by making a
total number of scan lines in one frame different from the
number of all the scan lines.

[0087] Furthermore, according to an embodiment, the
ultrasound imaging apparatus may be configured to set the
subframe sequence such that a last scan line 207 in a scan
line group corresponding to a 20-th subframe that is a last
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subframe in the subframe sequence does not coincide with
the last scan line 267 among all the scan lines. This con-
figuration may efliciently reduce the number of subframes
included in a sequence.

[0088] FIG. 8 illustrates a subframe sequence according to
an embodiment.

[0089] Referring to FIG. 8, the ultrasound imaging appa-
ratus may select scan line groups by iteratively referring to
a subframe sequence including 21 subframes. In an embodi-
ment, the number of scan lines corresponding to each
subframe is equally 64, and the subframe sequence may
include 6 frames.

[0090] Referring to FIG. 8, the ultrasound imaging appa-
ratus may generate a first frame including first through
fourth subframes. Furthermore, the ultrasound imaging
apparatus may generate a second frame including fifth
through eighth subframes.

[0091] In an embodiment, a first scan line in each sub-
frame may be set to be located next to a last scan line in its
preceding subframe. Furthermore, the ultrasound imaging
apparatus may set a scan line group such that a first scan line
0 is selected again after a last scan line 267 is selected. For
example, the ultrasound imaging apparatus may set a scan
line group including scan lines 256 through 267 and 0
through 51 corresponding to a fifth subframe after setting a
scan line group including scan lines 192 through 255 cor-
responding to a fourth subframe.

[0092] According to an embodiment, the ultrasound imag-
ing apparatus may set the number of scan lines correspond-
ing to each subframe to a number that is not a divisor of the
number of all scan lines. In other words, the ultrasound
imaging apparatus may set positions of subframes in con-
secutive frames to be different from each other by making
the number of scan lines in one frame different from the
number of all the scan lines.

[0093] Furthermore, according to an embodiment, the
ultrasound imaging apparatus may set the number of sub-
frames included in one frame differently from the number of
subframes in each of the other frames. For example, the
ultrasound imaging apparatus may set a subframe in a sixth
frame to be only a 21st subframe. This configuration may
efficiently reduce the number of subframes included in a
sequence.

[0094] FIG. 9 illustrates a method of displaying a frame
according to an embodiment. More particularly, FIG. 9
illustrates a method of displaying one frame composed of a
plurality of subframes when the plurality of subframes are
acquired in an interleaved manner.

[0095] To simultaneously obtain different types of ultra-
sound images having different frame rates, an ultrasound
imaging apparatus may use an interleaving method that
involves dividing one frame into a plurality of subframes for
acquisition. FIG. 9 illustrates an example in which the
ultrasound imaging apparatus simultaneously obtains a B
mode image showing intensity of an echo signal as bright-
ness and a MV flow image showing blood flow. Further-
more, in the example, the ultrasound imaging apparatus
obtains the B mode image on a subframe-by-subframe basis.
However, this is merely an example, and it will be readily
apparent to those of ordinary skill in the art that types of
ultrasound images are not limited to the above-described
types.

[0096] The ultrasound imaging apparatus may display the
obtained B mode image and MV flow image together on a
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display. According to an embodiment, the ultrasound imag-
ing apparatus may display the MV flow image and the B
mode image in such a manner that they are superimposed on
each other. However, the method of displaying an ultrasound
image is not limited thereto.

[0097] Referring to FIG. 9, the ultrasound imaging appa-
ratus may acquire a first frame of a MV flow image based on
a MV flow interleave block pulse. In an embodiment, the
MYV flow interleave block pulse may be a group of pulses
that are applied to acquire one frame of a MV flow image.
In this case, before acquiring a subsequent frame of the MV
flow image, the ultrasound imaging apparatus may obtain a
first subframe image in a B mode image based on a B mode
first subframe pulse B subframe 1. Furthermore, after
acquiring a second frame of MV flow image based on a
subsequent MV flow interleave block pulse, the ultrasound
imaging apparatus may obtain a second subframe image in
the B mode image based on a B mode second subframe pulse
B subframe 2.

[0098] As shown in FIG. 9, the ultrasound imaging appa-
ratus may use an interleaving method whereby one frame is
divided into a plurality of subframes for acquisition to
simultaneously obtain different types of ultrasound images
having different frame rates. For example, the ultrasound
imaging apparatus may alternately acquire in an interleaved
manner ultrasound data for acquiring one frame of MV flow
image and ultrasound data for acquiring a subframe in a B
mode image. In this case, the ultrasound imaging apparatus
may display an ultrasound image obtained on a subframe-
by-subframe basis such that positions of subframes in con-
secutive frames may be different from each other as in the
embodiments described with reference to FIGS. 3 through 8.
[0099] FIG. 10 is a flowchart of a method of displaying an
ultrasound image, according to an embodiment.

[0100] A plurality of scan line groups respectively corre-
sponding to a plurality of subframes forming a first frame
may be set from among a plurality of scan lines used for
acquiring an ultrasound image of an ROT (S1010).

[0101] Each of the set scan line groups may include a
plurality of scan lines for acquiring data corresponding to
each subframe. According to an embodiment, the plurality of
subframes may each have the same size. In other words,
each scan line group corresponding to a subframe may
include the same number of scan lines. In an embodiment,
the plurality of subframes may be acquired in an interleaved
manner. For example, a processor may discontinuously
generate the plurality of subframes by allowing ultrasound
signals to be discontinuously transmitted to the plurality of
scan line groups.

[0102] The first frame is displayed on a display (S1020).
The first frame may be displayed on a subframe-by-sub-
frame basis. For exaniple, the plurality of subframes con-
stituting the first frame may be sequentially accumulated in
the order that they are generated and then displayed. In
detail, when the first frame includes first through third
subframes, the first subframe may be displayed first. the first
and second subframes may then be displayed together when
the second subframe is generated, and finally the first
through third subframes may be displayed together when the
third subframe is generated. Alternatively, in an embodi-
ment, the plurality of subframes forming the first frame may
be displayed simultaneously.

[0103] A plurality of scan line groups respectively corre-
sponding to a plurality of subframes forming a second frame
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may be set from among the plurality of scan lines (S1030).
In this case, the second frame may be displayed successively
to the first frame. Positions of the plurality of subframes
forming the second frame may be different from positions of
the plurality of subframes forming the first frame. In detail,
the plurality of subframes forming the second frame may be
set such that a position of a boundary line between adjacent
ones of the subframes in the first frame does not overlap a
position of a boundary line between adjacent ones of the
subframes in the second frame.

[0104] The second frame may be displayed successively to
the first frame (S1040). According to the method of display-
ing an ultrasound image, boundary lines between subframes
respectively in frames displayed successively on the display
do not overlap each other, and thus seam artifacts occurring
in an ultrasound image may be reduced.

[0105] Embodiments may be implemented through non-
transitory computer-readable recording media having
recorded 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 opera-
tion. Furthermore, when being executed by the processor,
the instructions may perform specific operations according
to the embodiments.

What is claimed is:

1. An ultrasound imaging apparatus comprising:

a display; and

a processor configured to set, from among a plurality of
scan lines, a plurality of scan line groups respectively
corresponding to a plurality of subframes constituting a
first frame, control the display to display the first frame,
set, from among the plurality of scan lines, a plurality
of scan line groups respectively corresponding to a
plurality of subframes constituting a second frame, and
control the display to display the second frame subse-
quently to the first frame,

wherein the processor is further configured to set the
plurality of scan line groups such that a position of a
boundary line between adjacent ones of the plurality of
subframes in the first frame does not overlap a position
of a boundary line between adjacent ones of the plu-
rality of subframes in the second frame.

2. The ultrasound imaging apparatus of claim 1, wherein
each of the plurality of scan line groups comprises the same
number of scan lines.

3. The ultrasound imaging apparatus of claim 2, wherein
the processor is further configured to set the number of scan
lines included in each of the plurality of scan line groups to
a number that is not a divisor of the number of the plurality
of scan lines.

4. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to set the plurality of scan
groups such that a first scan line corresponding to a first
subframe among the plurality of subframes in the second
frame is located next to a last scan line corresponding to a
last subframe among the plurality of subframes in the first
frame.

5. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to acquire the plurality of
subframes respectively constituting the first and second
frames in an interleaved manner.
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6. The ultrasound imaging apparatus of claim 5, wherein
the plurality of subframes are acquired based on a first type
of ultrasound imaging method, and

wherein the processor is further configured to:

obtain a second ultrasound image on a full frame basis

based on a second type of ultrasound imaging method,;
and

control the display to simultaneously display the first

frame and the second ultrasound image.

7. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to generate the first frame
by arranging the plurality of subframes in the first frame
adjacent to one another.

8. The ultrasound imaging apparatus of claim 7, wherein
the processor is further configured to control the display
such that the plurality of subframes constituting the first
frame are sequentially accumulated and displayed.

9. The ultrasound imaging apparatus of claim 7, wherein
the processor is further configured to control the display to
simultaneously display the plurality of subframes constitut-
ing the first frame

10. The ultrasound imaging apparatus of claim 9, further
comprising a memory storing a predetermined sequence,

wherein the processor is further configured to set the

plurality of scan line groups based on the predeter-
mined sequence stored in the memory.

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

setting, from among a plurality of scan lines, a plurality of

scan line groups respectively corresponding to a plu-
rality of subframes constituting a first frame and dis-
playing the first frame; and

setting, from among the plurality of scan lines, a plurality

of scan line groups respectively corresponding to a
plurality of subframes constituting a second frame and
displaying the second frame subsequently to the first
frame,

wherein the plurality of scan line groups are set such that

a position of a boundary line between adjacent ones of
the plurality of subframes in the first frame does not
overlap a position of a boundary line between adjacent
ones of the plurality of subframes in the second frame.

12. The method of claim 11, wherein each of the plurality
of scan line groups comprises the same number of scan lines.

13. The method of ¢laim 12, wherein the number of scan
lines included in each of the plurality of scan line groups is
set to a number that is not a divisor of the number of the
plurality of scan lines.

14. The method of claim 11, wherein the plurality of scan
groups are set such that a first scan line corresponding to a
first subframe among the plurality of subframes in the
second frame is located next to a last scan line corresponding
to a last subframe among the plurality of subframes in the
first frame.

15. The method of claim 11, wherein the plurality of
subframes respectively constituting the first and second
frames are acquired in an interleaved manner.

16. The method of claim 12, wherein the plurality of
subframes are acquired based on a first type of ultrasound
imaging method,

the method further comprising:

obtaining a second ultrasound image on a full frame basis

based on a second type of ultrasound imaging method,
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wherein the displaying of the first frame comprises dis-
playing the first frame and the second ultrasound image
simultaneously.

17. The method of claim 11, wherein the first frame is
generated by arranging the plurality of subframes in the first
frame adjacent to one another.

18. The method of claim 17, wherein the displaying of the
first frame comprises sequentially accumulating the plurality
of subframes constituting the first frame and displaying a
result of the sequentially accumulating.

19. The method of claim 17, wherein the displaying of the
first frame comprises simultaneously displaying the plurality
of subframes constituting the first frame.

20. A non-transitory computer-readable recording
medium having stored therein a computer program code
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which, when read and executed by a processor, performs a
method of displaying an ultrasound image, the method
comprising:
setting, from among a plurality of scan lines, a plurality of
scan line groups respectively corresponding to a plu-
rality of subframes constituting a first frame and dis-
playing the first frame; and
setting, from among the plurality of scan lines, a plurality
of scan line groups respectively corresponding to a
plurality of subframes constituting a second frame and
displaying the second frame subsequently to the first
frame,
wherein the plurality of scan line groups are set such that
a position of a boundary line between adjacent ones of
the plurality of subframes in the first frame does not
overlap a position of a boundary line between adjacent
ones of the plurality of subframes in the second frame.

I S T T
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