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Description
BACKGROUND
1. Field

[0001] The present disclosure relates to an ultrasonic
imaging apparatus for generating an image of an internal
part of a subject using ultrasonic waves, and a method
of controlling the same.

2. Description of the Related Art

[0002] An ultrasonic imaging apparatus is an appara-
tus that radiates ultrasonic signals generated by a trans-
ducer of a probe toward a specific portion inside a subject
from the body surface of the subject and acquires images
of internal parts of the subject using information about
reflected ultrasonic signals (ultrasonic echo signals).
[0003] The ultrasonic imaging apparatus has advan-
tages in that it has high safety without exposure to X-rays
orthe like as compared to an X-ray diagnostic apparatus,
is displayable in real time, and is inexpensive and port-
able as compared to a magnetic resonance imager
(MRI), and therefore the ultrasonic imaging apparatus
has been widely used for medical diagnoses.

SUMMARY

[0004] Therefore, it is an object of the present disclo-
sure to provide an ultrasonic imaging apparatus capable
of providing various types of information for diagnosing
a subject using an ultrasonic image, and a method of
controlling the same.

[0005] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.

[0006] Therefore, it is an aspect of the present inven-
tion to provide an ultrasonic imaging apparatus including:
an inputter configured to receive an input of a region of
interest (ROI) from a user; a beamformer configured to
perform transmission/reception focusing with respect to
a virtual source to be used for a synthetic aperture fo-
cusing method; and a main controller configured to de-
termine a position of the virtual source on the basis of an
image quality in the received ROI.

[0007] The ultrasonic imaging apparatus may further
include adisplay, wherein the main controller may control
the display to display the determined position of the virtual
source.

[0008] The main controller may determine the position
of the virtual source such that at least of a resolution or
a contrast of the received ROl is greater than or equal to
a predetermined reference value.

[0009] The main controller may determine the position
of the virtual source on the basis of a number of beams
synthesized in the received ROI.
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[0010] The main controller may determine the position
of the virtual source such that the position of the virtual
source does not match a position of the received ROI.
[0011] The main controller may determine a lateral di-
rection position of the virtual source in an ultrasonic im-
age on the basis of the image quality in the received ROI.
[0012] The main controller may control the display to
display a position of the received ROI and display the
position of the virtual source together with the position of
the ROI.

[0013] The main controller may control the display
such that the position of the ROI is distinguished from
the position of the virtual source.

[0014] The inputter may receive an input of changing
the ROI from the user, wherein the main controller may
change the position of the virtual source on the basis of
an image quality of the changed ROI, and control the
display to display the changed position of the virtual
source.

[0015] It is another aspect of the present invention to
provide a method of controlling an ultrasonicimaging ap-
paratus, the method including: receiving an input of a
region ofinterest (ROI) from a user; and performing trans-
mission/reception focusing with respect to a virtual
source to be used for a synthetic aperture focusing meth-
od; and determining a position of the virtual source on
the basis of an image quality in the received ROL.
[0016] The method may further include displaying the
determined position of the virtual source.

[0017] The determining of the position of the virtual
source may include determining the position of the virtual
source such that at least of a resolution or a contrast of
the received ROl is greater than or equal to a predeter-
mined reference value.

[0018] The determining of the position of the virtual
source may include determining the position of the virtual
source on the basis of a number of beams synthesized
in the received ROL.

[0019] The determining of the position of the virtual
source may include determining the position of the virtual
source such that the position of the virtual source does
not match a position of the received ROI.

[0020] The determining of the position of the virtual
source may include determining a lateral direction posi-
tion of the virtual source in an ultrasonic image on the
basis of the image quality in the received ROI.

[0021] The displaying of the determined position of the
virtual source may include displaying a position of the
received ROI and displaying the position of the virtual
source together with the position of the ROI.

[0022] The displaying of the determined position of the
virtual source may include displaying the position of the
ROI to be distinguished from the position of the virtual
source.

[0023] The method may further include receiving an
input of changing the ROI from the user; changing the
position of the virtual source on the basis of an image
quality of the changed ROI; and displaying the changed
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position of the virtual source.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a view illustrating an external appearance
of an ultrasonic imaging apparatus according to an
embodiment.

FIG. 2 is a control block diagram illustrating an ultra-
sonic imaging apparatus according to an embodi-
ment.

FIG. 3 is a view for describing a process of transmit-
ting ultrasonic waves.

FIG. 4 is a view for describing a process of receiving
ultrasonic waves.

FIGS. 5A and 5B are views for describing an oper-
ation of focusing ultrasonic signals by an ultrasonic
imaging apparatus according to an embodiment.
FIG. 6A is a view for describing an operation of de-
termining the position of a virtual source by the con-
ventional ultrasonic imaging apparatus.

FIG. 6B is a view for describing an operation of de-
termining the position of a virtual source by an ultra-
sonic imaging apparatus according to an embodi-
ment.

FIG. 7 is a view illustrating an example of a screen
displayed on an ultrasonic imaging apparatus ac-
cording to an embodiment.

FIG. 8 is a flowchart showing a method of controlling
an ultrasonic imaging apparatus according to an em-
bodiment.

FIG. 9 is a flowchart showing a method of controlling
an ultrasonic imaging apparatus according to an em-
bodiment.

DETAILED DESCRIPTION

[0025] Like numerals refer to like elements throughout
the specification. Not all elements of embodiments of the
present disclosure will be described, and description of
whatare commonly known in the art or what overlap each
other in the embodiments will be omitted. The terms as
used throughout the specification, such as "~ part", "~
module", "~ member", "~ block", etc., may be implement-
ed in software and/or hardware, and a plurality of "~
parts", "~ modules”, "~ members", or "~ blocks" may be

implemented in a single element, or a single "~ part", "~

module", "~ member", or "~ block" may include a plurality
of elements.
[0026] It will be further understood that the term "con-

nect" or its derivatives refer both to direct and indirect
connection, and the indirect connection includes a con-
nection over a wireless communication network.

[0027] It will be further understood that the terms "com-

10

15

20

25

30

35

40

45

50

55

prises" and/or "comprising," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more
other features, integers, steps, operations, elements,
components, and/or groups thereof, unless the context
clearly indicates otherwise.

[0028] Although the terms "first," "second," "A," "B,"
etc. may be used to describe various components, the
terms do not limit the corresponding components, but are
used only for the purpose of distinguishing one compo-
nent from another component.

[0029] As used herein, the singular forms "a," "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0030] Reference numerals used for method steps are
just used for convenience of explanation, but not to limit
an order of the steps. Thus, unless the context clearly
dictates otherwise, the written order may be practiced
otherwise.

[0031] Hereinafter, the principles and embodiments of
the disclosure will be described with reference to the ac-
companying drawings.

[0032] FIG. 1is aview illustrating an external appear-
ance of an ultrasonic imaging apparatus according to an
embodiment, and FIG. 2 is a control block diagram illus-
trating an ultrasonic imaging apparatus according to an
embodiment.

[0033] Referringto FIGS. 1 and 2, an ultrasonic imag-
ing apparatus 100 according to an embodiment includes
a transducer module 110 for performing conversion be-
tween an electrical signal and an ultrasonic signal, a
beamformer 120 for generating a transmission beam and
a reception beam, a pulse controller 130 for generating
a control signal for generating a pulse and transmitting
the control signal to the beamformer 120, an image proc-
essor 140 for generating an ultrasonic image using an
echo signal output from the beamformer 120, a main con-
troller 150 for controlling the overall operation of the ul-
trasonic imaging apparatus 100, a display 160 for dis-
playing the generated ultrasonic image and various types
of data required for diagnosis, and an inputter 170 for
receiving an input of a user .

[0034] The transducer module 110 may be provided
inside an ultrasonic probe P, and the ultrasonic probe P
may be connected to a main body 101 of the ultrasonic
imaging apparatus 100 through a cable 106.

[0035] To this end, one or more female connectors 102
may be provided on a front lower side of the main body
101. A male connector 104 provided at one end of the
cable 106 may be physically coupled to the female con-
nector 102.

[0036] A plurality of casters 103 for moving the ultra-
sonic imaging apparatus 100 may be provided in a lower
portion of the main body 101. The user may fix or move
the ultrasonic imaging apparatus 100 using the plurality
of casters 103. Such an ultrasonic imaging apparatus
100 is referred to as a cart-type ultrasonic apparatus.
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[0037] A control panel 105 may be provided on the
front side of the main body 101. The control panel 105
may include an inputter 170 for receiving a user’s input
and a user may input commands to startdiagnosis, select
a diagnosis area, select a diagnosis type, select a mode
of an ultrasonic image, and the like. Examples of the
mode of the ultrasonic image may include an amplitude
mode (A-mode), a brightness mode (B-mode), a doppler
mode (D-mode), an elastography mode (E-mode), or a
motion mode (M-mode).

[0038] The mainbody 101 is provided on an upper side
thereof with the display 160. The display 160 may be
implemented using at least one of a liquid crystal display
(LCD) panel, a light emitting diode (LED) panel, an or-
ganic light emitting diode (OLED), or other various dis-
play panels .

[0039] In addition, the display 160 may include two or
more displays such that the respective displays simulta-
neously display different images. For example, one dis-
play may display a two-dimensional (2D) ultrasonic im-
age and another display may display a three-dimensional
(3D) ultrasonicimage. Alternatively, one display may dis-
play a B-mode image, and another display may display
a contrast agent image.

[0040] The main body 101 is provided on an outer cir-
cumferential surface thereof with one or more probe hold-
ers 107 for holding the ultrasonic probe P. Accordingly,
the user may place and store the ultrasonic probe P in
the probe holder 107 while the ultrasonic probe P is not
in use.

[0041] On the other hand, the beamformer 120 may
be provided in the main body 101 or may be provided in
the ultrasonic probe P according to embodiments. Al-
though the beamformer 120 according to the disclosed
embodiment is illustrated as being separated from the
ultrasonic probe P and provided in the main body 101,
the embodiment of the ultrasonic imaging apparatus 100
is not limited thereto.

[0042] The mainbody 101 may have the pulse control-
ler 130, the image processer 140, and the main controller
150 embedded therein. The pulse controller 130, the im-
age processer 140, and the main controller 150 each
may include at least one memory for storing a program
for performing an operation, which will be described be-
low, and at least one processor for executing the stored
program. Each of the pulse controller 130, the image
processer 140, and the main controller 150 may use a
separate memory and a separate processor, or may use
a memory and a processor shared therebetween.
[0043] On the other hand, the external appearance of
the ultrasonic imaging apparatus 100 according to the
embodiment is not limited to the example shown in FIG.
2, and the ultrasonic imaging apparatus 100 may be im-
plemented in a portable type. When the ultrasonic imag-
ing apparatus 100 is implemented in a portable type, the
main body 101 may have a form, such as a laptop com-
puter, a personal digital assistant (PDA), a tablet PC, or
the like, and may generate an ultrasonic image by con-
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necting the ultrasonic probe P to the main body 101.
[0044] FIG. 3isaview fordescribinga process of trans-
mitting ultrasonic waves, and FIG. 4 is a view for describ-
ing a process of receiving ultrasonic waves.

[0045] Referringto FIGS. 3 and 4, the transducer mod-
ule 110 may include a transducer array 111 composed
of a plurality of transducer elements, and may further
include a switch, such as a multiplexer (MUX) for select-
ing a transducer element to be used for transmitting and
receiving ultrasonic signals.

[0046] For the sake of convenience in description, the
following description will be made in relation to the trans-
ducer array 111 including five transducer elements 111a,
111b, 111¢c, 111d, and 111e as an example.

[0047] The transducerelements 111 may perform con-
version between an ultrasonic signal and an electric sig-
nal. For example, the transducer element 111 may be
implemented as a piezoelectric ultrasonic transducer us-
ing a piezoelectric effect. To this end, the transducer el-
ement 111 may include a piezoelectric material or a pi-
ezoelectric thin film. When an alternating current is ap-
plied from an internal power storage device, such as a
battery, or an external power supply device, to the pie-
zoelectric material or piezoelectric thin film, the piezoe-
lectric material or piezoelectric thin film vibrates at a pre-
determined frequency and ultrasonic waves of a prede-
termined frequency are generated according to the vi-
bration frequency.

[0048] On the contrary, when ultrasonic echo waves
of a predetermined frequency reach the piezoelectric ma-
terial or piezoelectric thin film, the piezoelectric material
or piezoelectric thin films vibrate according to the fre-
quency of the ultrasonic echo waves and output alternat-
ing current of a frequency corresponding to the vibration
frequency thereof.

[0049] In addition, the transducer element 111 may be
implemented using, for example, any one of a magneto-
strictive ultrasonic transducer using a magnetostrictive
effect of a magnetic body, a capacitive micromachined
ultrasonic transducer (cMUT), which transmits and re-
ceives ultrasonic waves using vibration of several hun-
dreds or several thousands of micromachined thin films,
or other types of transducers.

[0050] Referring to FIG. 1, the beam former 120 may
include a transmission beamformer 121 and a reception
beamformer 122.

[0051] The transmission beamformer 121 performs
transmission beamforming. Referring to FIG. 3, distanc-
es between each of the plurality of transducer elements
111a, 111b, 111¢c, 111d and 111e and a focus F are dif-
ferent. Therefore, the transmission beamformer 121 may
generate a transmission beam by assigning time delays
such that ultrasonic signals transmitted from the respec-
tive transducer elements 111a, 111b, 111c, 111d and
111e simultaneously reach a focus F of a transmission
scan line. When the width of the ultrasonic beam is nar-
rowed through the focusing of the ultrasonic signals, the
lateral direction resolution may be improved.
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[0052] The transmission beamformer 121 may include
a pulse generator 121a and a first delay 121b.

[0053] The pulse generator 121a generates a pulse
according to a control signal of the pulse controller 130.
For example, the pulse generated by the pulse generator
121a may be a pulse having a pulse repetition frequency
(PRF). The pulse generated by the pulse generator 121a
is input to the first delay 121b.

[0054] The first delay 121b delays each pulse output
from the pulse generator 121a by a predetermined time,
and outputs the delayed pulse. The first delay 121b may
include a plurality of delay elements d1 to d5, and the
plurality of delay elements d1 to d5 may be connected
to the transducer elements 111a to 111e, respectively.

[0055] The delay times of the delay elements d1 to d5
are determined by the distances between each of the
transducer elements 111a to 111e and the focus F. That
is, in order that when ultrasonic signals transmitted from
a first transducer element 111a and a fifth transducer
element 111e, which are distant from the focus F, reach
the focus F, ultrasonic waves transmitted from second
to fourth transducer elements 111b to 111d reach the
focus F, second to fourth delay elements d2 to d4 delay
input pulses by a predetermined time and output the de-
layed pulses.

[0056] Asdescribedabove, the ultrasonicwaves trans-
mitted through the transducer array 111 are reflected by
a subject and are incident on the transducer array 111
again. In response to receiving such ultrasonic echo
waves reflected from the subject, the transducer ele-
ments 111a to 111e output echo signals corresponding
to the received ultrasonic echo waves. The echo signals
output as such are input to the reception beamformer
122.

[0057] Referring to FIG. 4, the reception beamformer
122 includes a second delay 122a and a synthesizer
122b. Although not shown in the drawings, the reception
beamformer 122 may further include a receiver for re-
ceiving an echo signal and performing amplification and
gain correction on the received echo signal, and when
the reception beamformer 122 is implemented as a digital
beamformer, the reception beamformer 122 may further
include an analog-to-digital converter (ADC) to convert
an analog echo signal subjected to the amplification and
gain correction into a digital echo signal.

[0058] The second delay 122a may include a plurality
of delay elements d1 to d5, and the delay elements d1
to d5 may be connected to the transducer elements 111a
to 111e, respectively.

[0059] Since the times at which the ultrasonic echo
waves reach the respective transducer elements 111a
to 111e are different from each other, each of the delay
elements d1 to d5 delays a corresponding input echo
signal by a predetermined time to focus the echo signals
and outputs the delayed echo signal.

[0060] For example, a third delay element d3 to which
an echo signal is input first delays the input echo signal
until echo signals are input to first and fifth delay elements
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d1 and d5, and outputs the delayed echo signal.

[0061] As described above, the ultrasonic signals out-
put from the plurality of transducer elements 111a, 111b,
111c,111d, and 111e may be controlled to have the same
phase at a time of reaching a first focus F inside a subject
20 on the basis of the different transmission delay times.
Such a focusing of a plurality of ultrasonic signals to the
first focus F may be defined as a transmission focusing.
However, the above-described transmission focusing is
merely one example of this embodiment of the present
disclosure, but those skilled in the art will appreciate that
various modified embodiments are possible.

[0062] Generally, dynamic transmission focusing re-
fers to focusing ultrasonic signals to a plurality of focuses
or a plurality of image points located in one scan line
multiple times.

[0063] Whereas, the dynamic transmission focusing
may be effectively performed by focusing ultrasonic sig-
nals to different focuses on different scan lines and by
assuming signals reflected from the different focuses as
virtual sources to acquire ultrasonic signals. Such a
scheme of acquiring ultrasonic signals through a plurality
of virtual sources may be represented by a synthetic ap-
erture focusing method.

[0064] The synthetic aperture focusing method may in-
clude a bi-directional pixel based focusing method in
which a virtual source is positioned in front of a probe
and a spherical wave propagates forward and backward
of the virtual source.

[0065] The synthesizer 122b synthesizes echo signals
output from the delay elements d1 to d5. In this case, the
synthesizer 212 may assign weights to the echo signals
and synthesize the weighted echo signals.

[0066] The image processor 140 generates an ultra-
sonic image on the basis of the echo signals output from
the reception beamformer 122. For example, the image
processer 140 may generate at least one of an A-mode
image, a B-mode image, a D-mode image, an E-mode
image, or an M-mode image on the basis of the echo
signals. In addition, the image processor 140 may gen-
erate a 3D ultrasonic image on the basis of a plurality of
ultrasonic images acquired from the echo signals.
[0067] The main controller 150 may determine the po-
sition of a virtual source at which ultrasonic signals are
tobe focused, and controlthe beamformer 120 to perform
transmission and reception focusing on the determined
position of the virtual source.

[0068] In addition, the main controller 150 may control
the display 160 to display the position of a virtual source,
and may control the display 160 to display the position
of a region of interest (ROI) received from the user. To
this end, the user may input an ROI through the inputter
170, and the ROl refers to a region of an ultrasonic image
that the user desires to observe.

[0069] In addition, the ultrasonic imaging apparatus
100 according to the embodiment may further include a
storage (not shown) for storing the position of the re-
ceived ROI and the position of the virtual source deter-
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mined in response to the received ROI.

[0070] FIGS. 5A and 5B are views for describing an
operation of focusing ultrasonic signals by an ultrasonic
imaging apparatus according to an embodiment.
[0071] Referring to FIG. 5A, it is assumed that each
beam including ultrasonic signals synthesized to gener-
ate an ultrasonic image spreads from one point.

[0072] That is, when the ultrasonic signals from the
transducer elements 111 are focused to one focus F, the
beam width is gradually narrowed from the transducer
elements 111 to a focus F, and after reaching the focus
F, the beam width may be gradually widen. In this case,
the focus F may be analyzed as a virtual source.
[0073] Theultrasonicsignal transmitted from the trans-
ducer element 111 and the received ultrasonic signal
may have information about all the regions that the trans-
mitted ultrasonic signal reaches. In this case, when the
beam width is sufficiently spread wide, information about
image points on other scan lines may be included in the
information.

[0074] Referring to FIG. 5B, three virtual sources F1,
F2, and F3 may form a virtual aperture 51. For example,
a first virtual source F1, a second virtual source F2, and
a third virtual source F3 may form the same virtual aper-
ture 51. In this case, the virtual sources F1, F2, and F3
forming the same virtual aperture 51 may have the same
positions in an axis of a lateral direction composed of
scan lines.

[0075] In this case, with respect to an image point A
on a scan line 52, the three beams may include the cor-
responding image point A. Since different beams all in-
clude the same image point A, information about the im-
age point A may be included in signals transmitted and
received at different apertures.

[0076] Information included in echo signals from the
differentbeams may be synthesized, and the image proc-
essor 140 may generate an image with respect to the
corresponding image point A on the basis of the synthe-
sized information.

[0077] Asthe numberofbeams passingthrough a spe-
cific image point increases, that is, as the number of
beams synthesized for image generation increases, the
spatial resolution for an image at the specificimage point
may be improved.

[0078] On the other hand, even when the number of
beams to be synthesized is the same, the spatial reso-
lution may decrease as the distance between the image
point and the virtual source is increased. Therefore, it is
crucial to determine the position of the virtual source that
may secure the optimum spatial resolution while maxi-
mizing the degree to which beams are synthesized for a
specific region.

[0079] The main controller 150 may determine the po-
sition of the virtual source on the basis of theimage quality
in an ROI that the user desires to observe. That is, the
main controller 150 may determine the position of the
virtual source that may maximize the image quality of the
ultrasonic image in the ROI. In this case, the position of
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the virtual source refers to a position in the axis in the
lateral direction composed of scan lines.

[0080] Indetail, the main controller 150 may determine
the position of the virtual source that may maximize at
least one of the resolution or the contrast of the ultrasonic
image with respect to the ROI that the user desires to
observe.

[0081] For example, the main controller 150 may de-
termine the position of the virtual source in which at least
one of the resolution or the contrast in the ROl is equal
to or greater than a predetermined reference value.
[0082] In addition, as described above, since the res-
olution and the contrast of an image for an ROl may be
increased as the number of beams to be synthesized in
the ROI increases, the main controller 150 may deter-
mine the position of the virtual source on the basis of the
number of beams to be synthesized in the ROI.

[0083] Inaddition, since the resolution of animage may
be lowered as the distance between the ROl and the
virtual source increases, the main controller 150 may de-
termine the position of the virtual source on the basis of
the distance between the ROI and the virtual source.
[0084] In addition, the main controller 150 may deter-
mine the position of the virtual source on the basis of
both the number of beams synthesized in the ROI and
the distance between the ROI and the virtual source.
[0085] As described above, when the position of the
virtual source is determined, the main controller 150 may
store the determined position of the virtual source. The
main controller 150 may store the positions of virtual
sources for respective input ROIs.

[0086] When an ROl is input, the main controller 150
may check whether an ROI having the same position as
that of the input ROl is stored, and when the ROI having
the same position as that of the input ROl is stored, the
main controller 150 may determine the position of the
virtual source on the basis of a position of a virtual source
corresponding to the ROI, which has the same position
as that of the input ROI, among the stored positions of
virtual sources.

[0087] FIG. 6Ais a view for describing an operation of
determining the position of a virtual source by the con-
ventional ultrasonic imaging apparatus, and FIG. 6B is a
view for describing an operation of determining the po-
sition of a virtual source by an ultrasonic imaging appa-
ratus according to an embodiment.

[0088] Referringto FIG. 6A, the conventional ultrason-
icimaging apparatus places a virtual source at a position
X selected by the user such that the beam is focused to
the position of the virtual source. That is, the position X
selected by the user is the same as a position Y of the
virtual source, and the ultrasonicimaging apparatus plac-
es the virtual source at the position X selected by the
user and focuses the beam to the corresponding position
to generate an image.

[0089] Whenthe beamisfocused according to the syn-
thetic aperture focusing method, the beam is focused to
the position X selected by the user, and a region adjacent
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to the position X may not be subjected to sufficient beam
synthesis, leading to a lower image quality compared to
other regions.

[0090] In otherwords, the position selected by the user
in the conventional ultrasonic imaging apparatus is not
a position in which the image quality is maximized, and
in order to increase the image quality of the ultrasonic
image for an ROl S desired to be observed, the user
needs to directly adjust the position Y of the virtual
source.

[0091] Since the region directly selected by the user in
the conventional ultrasonic imaging apparatus is a region
of a virtual source rather than an ROI S, there is incon-
venience of the user needing to directly adjust the posi-
tion Y of the virtual source while checking the image qual-
ity of the ROI S.

[0092] Referring to FIG. 6B, with the ultrasonicimaging
apparatus 100 according to the embodiment, the user
may select an ROI S’ desired to be observed through the
inputter 170. That is, the ultrasonic imaging apparatus
100 according to the embodiment may receive the region
S’ selected by the user as an ROI.

[0093] The main controller 150 may obtain a position
Y ’of a virtual source on the basis of the image quality of
the ultrasonic image with respect to the input ROI S’. In
this case, the position of the virtual source refers to a
position in the axis in the lateral direction composed of
scan lines.

[0094] In detail, the main controller 150 may calculate
the position Y ’of the virtual source such that the image
quality of the ultrasonic image with respect to the inputted
ROI S’ is maximized.

[0095] In this case, the position Y ’of the virtual source
for maximizing the image quality of the ultrasonic image
with respect to the ROl S’ may be determined on the
basis of at least one of the resolution or the contrast of
the ultrasonic image for the ROI S .

[0096] For example, the main controller 150 may cal-
culate the position Y ‘of the virtual source that allows at
least one of the resolution or the contrast of the ultrasonic
image with respect to the ROI S’ to have the maximum
value. Alternatively, the main controller 150 may calcu-
late the position Y ’of the virtual source that allows at
least one of the resolution and the contrast of the ultra-
sonic image with respect to the ROI S’ to be equal to or
greater than a predetermined reference value.

[0097] In addition, the position Y ’of the virtual source
allowing the image quality of the ultrasonic image with
respect to the ROI S’ to be maximized may be determined
on the basis of at least one of the number of beams syn-
thesized in the ROI S’ or the distance between the ROI
and the virtual source.

[0098] For example, the main controller 150 may ac-
quire a position at which the number of beams synthe-
sized in the ROI S’ is maximized as the position of the
virtual source, or may acquire a position at which the
virtual source is the nearest to the ROI S’ as the position
of the virtual source. Alternatively, the main controller
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150 may acquire a position at which the number of beams
synthesized in the ROI S ’is maximized and the virtual
source is the nearest to the ROI S’ as the position of the
virtual source.

[0099] As described above, the position X’ of the ROI
S that the user desires to observe in the ultrasonic im-
aging apparatus 100 according to the embodiment does
not coincide with the position Y’ of the virtual source. That
is, the region S’ selected by the user through the inputter
170 is input as an ROI S rather than the position of the
virtual source.

[0100] Accordingly, since the position Y ’of the virtual
source, which allows the image quality of the ultrasonic
image in the region S’ selected by the user to be in-
creased, is automatically acquired, the user may acquire
an ultrasonic image having an increased image quality
for the selected region without needing to directly adjust
the position of the virtual source.

[0101] In addition, since the region S selected by the
user through the inputter 170 is input as an ROI, and the
position of the optimal virtual position for the region is
automatically obtained, the user may intuitively select the
region to be observed, thereby increasing the user con-
venience.

[0102] FIG. 7 is a view illustrating an example of a
screen displayed on an ultrasonic imaging apparatus ac-
cording to an embodiment.

[0103] Referring to FIG. 7, the ultrasonic imaging ap-
paratus 100 according to the embodiment may display
the determined position of the virtual source.

[0104] The main controller 150 may control the display
160 to display the position of the virtual source.

[0105] For example, the main controller 150 may con-
trol the display 160 to display the position of the virtual
source using at least one of an icon, an image, or text.
[0106] In addition, the main controller 150 may control
the display 160 to display the position of the virtual source
in various forms, for example, using a marker without
being limited to the above example.

[0107] In addition, the main controller 150 may control
the display 160 to display the position of the virtual source
together with the position of the ROI received from the
user.

[0108] Forexample, as shown in FIG. 7, the main con-
troller 150 may display a position M1 of an ROI received
from the user to be distinguished from a determined po-
sition M2 of a virtual source. To this end, the main con-
troller 150 may control the display 160 to display the po-
sition of the ROI and the position of the virtual source
using different colors, shapes, texts, or the like.

[0109] In addition, when the user changes the position
M1 of the ROI, the main controller 150 may display the
position of the ROI changed, and may change the posi-
tion of the virtual source such that the previously dis-
played position M2 of the virtual source is linked with the
position of the ROI changed.

[0110] FIG. 8 is a flowchart showing a method of con-
trolling an ultrasonic imaging apparatus according to an
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embodiment.

[0111] Referring to FIG. 8, the ultrasonic imaging ap-
paratus 100 according to the embodiment may check
whether an input from a user exists (810). In this case,
the user may input a region to be observed, and the ul-
trasonic imaging apparatus 100 may receive the region
to be observed, that s, the position of a region of interest
(ROI), as an input value,.

[0112] Whenaninputfromthe userexists (YESin810),
the ultrasonic imaging apparatus 100 may determine the
position of a virtual source (820).

[0113] In detail, the ultrasonic imaging apparatus 100
may determine the position of the virtual source for em-
ploying the synthetic aperture focusing method on the
basis of the image quality of the ultrasonic image in the
region received from the user. That is, the main controller
150 may determine the position of the virtual source that
allows the image quality of the ultrasonic image in the
ROI to be maximized. In this case, the position of the
virtual source refers to a position in the axis in the lateral
direction composed of scan lines.

[0114] The determining of the position of the virtual
source that allows the image quality of the ultrasonic im-
age to be maximized may include determining the posi-
tion of the virtual source that allows at least one of the
resolution or the contrast of the ultrasonic image with
respect to the ROI to be maximized. In addition, the de-
termining of the position of the virtual source that allows
the image quality of the ultrasonic image to be maximized
may include determining the position of the virtual source
in which the number of beams synthesized in the ROl is
great, or determining the position of the virtual source at
which the virtual source is near to the ROL.

[0115] When the position of the virtual source is deter-
mined, the ultrasonic imaging apparatus 100 may display
the determined position of the virtual source (830). In this
case, the ultrasonic imaging apparatus 100 display the
position of the virtual source together with the position of
the ROI received from the user.

[0116] In this case, the region received from the user
is recognized as an ROI desired to be observed by the
user, rather than the position of a virtual source, and such
a position of a virtual source that allows the image quality
of the ROI to be maximized may be automatically deter-
mined.

[0117] Accordingly, the user may intuitively input the
ROI that the user desires to observe, regardless of the
position of the virtual source, and may obtain the optimal
image quality of the input region without needing to con-
sider the position of the virtual source, thereby increasing
the convenience of use.

[0118] FIG. 9 is a flowchart showing a method of con-
trolling an ultrasonic imaging apparatus according to an
embodiment.

[0119] Referring to FIG. 9, the ultrasonic imaging ap-
paratus 100 according to the embodiment may check
whether the ROI is changed (910). In detail, when the
position of the ROI input from the user is changed, the
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ultrasonic imaging apparatus 100 may determine that the
ROI has been changed.

[0120] When achange of the ROl occurs (YESin910),
the ultrasonic imaging apparatus 100 may change the
position of the virtual source (920). The ultrasonic imag-
ing apparatus 100 may change the position of the virtual
source to be linked with position of the ROl changed. In
detail, the ultrasonic imaging apparatus 100 may change
the position of the virtual source on the basis of the image
quality of the ultrasonic image in the position of the ROI
changed.

[0121] When the position of the virtual source is
changed, the ultrasonic imaging apparatus 100 may dis-
play the changed position of the virtual source position
(930). In this case, the ultrasonic imaging apparatus 100
may shift the previously displayed position of the virtual
source to the changed position of the virtual source.
[0122] While displaying the changed position of the vir-
tual source, the ultrasonic imaging apparatus 100 may
display the position of the ROI changed.

[0123] As described above, in a state in which the po-
sition of the ROl and the position of the virtual source are
displayed, when the user changes the ROI, the ultrasonic
imaging apparatus 100 may allow the displayed position
of the virtual source to be linked with the position of the
ROI changed.

[0124] As is apparent from the above, the vehicle and
the method of controlling the same according to the as-
pect of the present invention can increase the user con-
venience and prevent hacking by authenticating a user
terminal in consideration of a specific usage environment
in which a user uses the user terminal.

[0125] Although exemplary embodiments of the
present disclosure have been described for illustrative
purposes, those skilled in the art will appreciate that var-
ious modifications, additions and substitutions are pos-
sible, without departing from the scope and spirit of the
disclosure. Therefore, exemplary embodiments of the
present disclosure have not been described for limiting
purposes.

Claims
1. An ultrasonic imaging apparatus comprising:

an inputter configured to receive an input of a
region of interest (ROI) from a user;

a beamformer configured to perform transmis-
sion/reception focusing with respect to a virtual
source to be used for a synthetic aperture fo-
cusing method; and

a main controller configured to determine a po-
sition of the virtual source on the basis of an
image quality in the received ROI.

2. The ultrasonic imaging apparatus of claim 1, further
comprising a display, wherein the main controller
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11.
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controls the display to display the determined posi-
tion of the virtual source.

The ultrasonicimaging apparatus of claim 1, wherein
the main controller determines the position of the
virtual source such that at least of a resolution or a
contrast of the received ROl is greater than or equal
to a predetermined reference value.

The ultrasonicimaging apparatus of claim 1, wherein
the main controller determines the position of the
virtual source on the basis of a number of beams
synthesized in the received ROI.

The ultrasonicimaging apparatus of claim 1, wherein
the main controller determines the position of the
virtual source such that the position of the virtual
source does not match a position of the received
ROI.

The ultrasonicimaging apparatus of claim 1, wherein
the main controller determines a lateral direction po-
sition of the virtual source in an ultrasonic image on
the basis of the image quality in the received ROI.

The ultrasonicimaging apparatus of claim 2, wherein
the main controller controls the display to display a
position of the received ROl and display the position
of the virtual source together with the position of the
ROIL.

The ultrasonicimaging apparatus of claim 7, wherein
the main controller controls the display such that the
position of the ROl is distinguished from the position
of the virtual source.

The ultrasonicimaging apparatus of claim 7, wherein
the inputter receives an input of changing the ROI
from the user,

wherein the main controller changes the position of
the virtual source on the basis of an image quality of
the changed ROI, and controls the display to display
the changed position of the virtual source.

A method of controlling an ultrasonic imaging appa-
ratus, the method comprising:

receiving an input of a region of interest (ROI)
from a user; and

performing transmission/reception focusing
with respect to a virtual source to be used for a
synthetic aperture focusing method; and
determining a position of the virtual source on
the basis of an image quality in the received ROI.

The method of claim 9, further comprising displaying
the determined position of the virtual source.
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13.

14.

15.

16

The method of claim 10, wherein the determining of
the position of the virtual source includes determin-
ing the position of the virtual source such that at least
of a resolution or a contrast of the received ROl is
greater than or equal to a predetermined reference
value.

The method of claim 10, wherein the determining of
the position of the virtual source includes determin-
ing the position of the virtual source on the basis of
a number of beams synthesized in the received ROI.

The method of claim 10, wherein the determining of
the position of the virtual source includes determin-
ing a lateral direction position of the virtual source in
an ultrasonic image on the basis of the image quality
in the received ROI.

The method of claim 11, wherein the displaying of
the determined position of the virtual source includes
displaying a position of the received ROI and dis-
playing the position of the virtual source together with
the position of the ROI.
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