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(57) ABSTRACT

In accordance with one aspect of the present disclosure, an
ultrasound imaging apparatus comprising: a display portion
configured to display an ultrasonic image of a heart of an
object; an input portion configured to receive a command for
setting a region of interest (ROT) of the displayed ultrasonic
image of the heart; and a controller configured to set the ROI
of the ultrasonic image of the heart based on the command
for setting the ROI input through the input portion and
control at least one image of the set ROI and the ultrasonic
image of the heart to be displayed together on the display
portion.

550




Patent Application Publication May 17,2018 Sheet 1 of 15 US 2018/0132829 A1

FIG. 1

550




US 2018/0132829 A1

May 17,2018 Sheet 2 of 15

Patent Application Publication

H0SSI004d
o 4313034
{ 3 /
0€S 002
NO ! LH0d
AYIdS 10
¢
05§ HITI0HLNOD H3LL | NSNVHL HOLINS 4/1 mmommmmmMF "
/ /
NOILHOd 1NN 00l ol N
: , vl
0vS 005
/
d
¢'OId




US 2018/0132829 A1

May 17,2018 Sheet 3 of 15

Patent Application Publication

i E
m IDYHOLS m
| 7 "
! /55 !
1 i
[ i
N EEY H3LHIANQD H0SS3008d “
m IWNI0A YOS WNBIS HING0S IOV -1
i / / { / t
| BES GES £EeS LES !
e o o o o o e ot e e e e e e e e s oo e e s e v a7 ot oo i . e e e st e . s s . . s . s e o . e e e e et e e 4
NO|180d
AVIdS10
[4
055 YT TI0HLNOD daLLINSNvEL
/

NOILHOd LNdN|I 0o

/ 7

oS 005

7
i
€'01d




Patent Application Publication  May 17,2018 Sheet 4 of 15 US 2018/0132829 A1

FIG.4

600a 600b 600c




Patent Application Publication = May 17,2018 Sheet 5 of 15 US 2018/0132829 A1

FIG.5

600

600f

® 6000 @

®




Patent Application Publication  May 17,2018 Sheet 6 of 15 US 2018/0132829 A1

FIG.6

551a 551b 551¢

A




Patent Application Publication  May 17,2018 Sheet 7 of 15 US 2018/0132829 A1

FIG.7
5524 55\2b 5526
4 / / / h




Patent Application Publication = May 17,2018 Sheet 8 of 15 US 2018/0132829 A1

FIG.8
hh3a 553b SEJBe
J J
4 / / / A

: <
@ © e




Patent Application Publication  May 17,2018 Sheet 9 of 15 US 2018/0132829 A1
FIG.9
554a 554b 554e
) ) /
4 / / / h
f { f
=2
=3
l l
- \\ \\ J
554¢ 5544



Patent Application Publication May 17,2018 Sheet 10 of 15  US 2018/0132829 A1

FIG.10
5552 555b 555¢
] ) |
( / / / h

S

555¢ 555d



Patent Application Publication May 17,2018 Sheet 11 of 15 US 2018/0132829 A1

FIG.11A

556a 556b

NS




Patent Application Publication May 17,2018 Sheet 12 of 15  US 2018/0132829 A1

FIG.11B
h57a 55)7[)
4 ] / N
{ |
2 APEX
-1
: MID
=)
, BASE
=3




Patent Application Publication ~May 17,2018 Sheet 13 of 15  US 2018/0132829 A1

FIG.12
55\8b 55\8C
e / / I

| ©
Ll
DT

|
| ©
T
-
. A
:*'81— \({@




Patent Application Publication ~ May 17,2018 Sheet 14 of 15  US 2018/0132829 A1

FIG.13
559a 55\91:) 55\90
4 / / ) A

W —— -




Patent Application Publication May 17,2018 Sheet 15 of 15  US 2018/0132829 A1

FIG.14

(_ START )
801
|

DISPLAY ULTRASONIC IMAGE OF HEART

8?2
SET REGION OF INTEREST (ROI) BY USER
893

DISPLAY ULTRASONIC IMAGE OF HEART AND
ROI SET BY USER ON DISPLAY PORTION

END



US 2018/0132829 Al

ULTRASOUND IMAGING APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0151643, filed on Nov. 15,
2016 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field

[0002] Embodiments of the present disclosure relate to an
ultrasound imaging apparatus configured to generate an
internal image of an object using ultrasonic waves.

2. Description of the Related Art

[0003] An ultrasound imaging apparatus is an apparatus
that emits ultrasonic signals at a main body surface of an
object toward a target part inside the main body and non-
invasively obtains an image of a cross section of soft tissue
or a blood flow using information of reflected ultrasonic
signals (ultrasonic echo signals).

[0004] Compared with other image diagnosis apparatuses
such as an X-ray diagnosis apparatus, an X-ray computer-
ized tomography (CT) scanner, an magnetic resonance
image (MRI), a nuclear medicine diagnosis apparatus, and
the like, since the ultrasound imaging apparatus has a small
size, is at a low price, is able to display in real time, and is
free from radiation exposure with high safety, the ultrasound
imaging apparatus is generally used for cardiac, abdominal,
urinary, and ob-gyn diagnoses.

[0005] The ultrasound imaging apparatus includes an
ultrasound probe configured to transmit ultrasonic signals to
an object and receive ultrasonic echo signals reflected from
the object to obtain an ultrasonic image of the object and a
main body configured to generate an internal image of the
object using the ultrasonic echo signals received at the
ultrasound probe.

SUMMARY

[0006] Therefore, it is an aspect of the present disclosure
to provide an ultrasound imaging apparatus configured to
more efliciently and quickly recognize a cardiac structure by
displaying a cardiac image obtained by the ultrasound
imagining apparatus and an image of an interested cardiac
area set by a user at the same time and a method of
controlling the same.

[0007] Additional aspects of the present disclosure 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 present disclosure.

[0008] In accordance with one aspect of the present dis-
closure, an ultrasound imaging apparatus comprising: a
display portion configured to display an ultrasonic image of
a heart of an object; an input portion configured to receive
a command for setting a region of interest (ROI) of the
displayed ultrasonic image of the heart; and a controller
configured to set the ROI of the ultrasonic image of the heart
based on the command for setting the ROI input through the
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input portion and control at least one image of the set ROI
and the ultrasonic image of the heart to be displayed together
on the display portion.

[0009] The controller may be based on obtaining the
ultrasonic image of the heart and the at least one ROI image
at different angles.

[0010] The ultrasonic image of the heart may be one of
cardiac long axis cross sections of the heart.

[0011] The ROI image may be at least one of cardiac short
axis cross sections of the heart.

[0012] The ultrasonic image of the heart may be one of
cardiac short axis cross sections of the heart.

[0013] The ROI image may be at least one of cardiac long
axis cross sections of the heart.

[0014] The ultrasonic image of the heart may be a stereo-
scopic image that three-dimensionally shows the heart.
[0015] The ROI image may be at least one of a short axis
cross section image and a long axis cross section image of
the heart.

[0016] The controller may divide the display portion into
at least two areas and control the ultrasonic image of the
heart and the at least one image of the ROI to be displayed
in the divided areas, respectively.

[0017] The controller may control\ the ultrasonic image of
the heart and a guide line related to setting of the ROI in the
ultrasonic image to be displayed together.

[0018] When the ROI of the ultrasonic image of the heart
is selected through the input portion, the controller may
control only an ultrasonic image of an area corresponding to
the ROI selected from the ultrasonic image of the heart to be
displayed.

[0019] The display portion may comprise a touch panel
configured to receive a command for selecting the ROI of
the ultrasonic image of the heart.

[0020] When the ROI of the ultrasonic image of the heart
is selected through the display portion, the controller may
control the ultrasonic image of the heart and the ROI image
to be displayed on the display portion.

[0021] The controller may obtain and display a list of a
plurality of such preset ROI images and controls at least one
ROl image selected from the list of the plurality of displayed
ROI images to be displayed.

[0022] In accordance with still another aspect of the
present invention, a method of controlling an ultrasound
imaging apparatus, comprising: displaying an ultrasonic
image of a heart of an object; receiving a command for
setting an ROI of the displayed ultrasonic image of the heart;
and setting the ROI of the ultrasonic image of the heart
based on the command for setting the ROI input through an
input portion and controlling at least one image of the set
ROI and the ultrasonic image of the heart to be displayed
together.

[0023] The ultrasonic image of the heart and the at least
one ROI image may be based on obtaining at different
angles.

[0024] The ultrasonic image of the heart may be one of
cardiac long axis cross sections of the heart.

[0025] The ROIimage may be at least one of cardiac short
axis cross sections of the heart.

[0026] The ultrasonic image of the heart may be one of
cardiac short axis cross sections of the heart.

[0027] The ROI image may be at least one of cardiac long
axis cross sections of the heart.
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[0028] The ultrasonic image of the heart may be a stereo-
scopic image that three-dimensionally shows the heart.
[0029] The ROI image may be at least one of a short axis
cross section image and a long axis cross section image of
the heart.

[0030] The controlling of at least one image of the set ROI
and the ultrasonic image of the heart to be displayed together
may comprise controlling the ultrasonic image of the heart
and the at least one image of the ROI to be displayed in
divided areas, respectively.

[0031] The method of controlling an ultrasound imaging
apparatus, further comprising controlling the ultrasonic
image of the heart and a guide line related to setting of the
ROI in the ultrasonic image to be displayed together.
[0032] The displaying of the ultrasonic image of the heart
of the object may comprise, when the ROI of the ultrasonic
image of the heart is selected, controlling only an ultrasonic
image of an area corresponding to the ROI selected from the
ultrasonic image of the heart to be displayed.

[0033] The method of controlling an ultrasound imaging
apparatus, further comprising obtaining and displaying a list
of a plurality of such preset ROI images and controlling at
least one ROI image selected from the list of the plurality of
displayed ROT images to be displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects of the present disclosure
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0035] FIG.1is an external view of an ultrasound imaging
apparatus in accordance with one embodiment

[0036] FIG. 2 is a control block diagram of the ultrasound
imaging apparatus in accordance with one embodiment.
[0037] FIG. 3 is a control block diagram illustrating a
configuration of a main body of the ultrasound imaging
apparatus in accordance with one embodiment.

[0038] FIG. 4 is a view illustrating a long axis cross
section of a heart.

[0039] FIG. 5 is a view illustrating a short axis cross
section of a heart.

[0040] FIG. 6 is a view illustrating a long axis cross
section and a short axis cross section of a heart that are
illustrated on a display according to the disclosed embodi-
ment.

[0041] FIG. 7 is a view illustrating a short axis cross
section and a long axis cross section of a heart that are
illustrated on a display according to the disclosed embodi-
ment.

[0042] FIG. 8 is a view illustrating one long axis cross
section and three short axis cross sections of a heart dis-
played on the display portion 550

[0043] FIG. 9 is a view illustrating one short axis cross
section and three long axis cross sections of a heart dis-
played on one display portion.

[0044] FIG. 10 is a view illustrating that one stereoradio-
graphic image and three short axis cross sections of a heart
according to the disclosed embodiment are displayed on the
display portion 550.

[0045] FIGS. 11A and 11B are views illustrating interfaces
for inputting an ROI according to the disclosed embodiment.
[0046] FIGS. 12 and 13 are views illustrating ROIs
according to the disclosed embodiment.
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[0047] FIG. 14 is a flowchart according to the disclosed
embodiment.

DETAILED DESCRIPTION
[0048] Throughout the specification, like reference numer-

als refer to like elements. Throughout the specification, all of
elements of embodiments are not described and well-known
content in the art or repeated content among the embodi-
ments will be omitted. The terms “portion, module, member,
and block’ used herein may be embodied as software or
hardware. Depending on embodiments, a plurality of ‘por-
tions, modules, members, or blocks may be embodied as one
element or one ‘portion, module, member, or block’ may
include a plurality of elements.

[0049] Throughout the specification, when it is stated that
one part is “connected to” another part, the part may be
directly or indirectly connected to the other part and the
indirect connection includes connection through a wireless
communication network.

[0050] Also, when it is stated that a part “includes” an
element, unless particularly defined otherwise, it means that
the part does not exclude other elements and may further
include other elements.

[0051] Through out the specification, when it is stated that
one member is positioned “on” another member, not only the
one member may be in contact with the other member but
also another member may be present between the two
members.

[0052] The terms fist, second, and the like are used for
distinguishing one element from other elements but not
intended to limit the elements.

[0053] Singular expressions, unless contextually other-
wise defined, include plural expressions.

[0054] In each of operations, reference numbers are used
for convenience of description but not intended to describe
order of each of operations. Each of operations may be
performed unlike a stated order unless definitely defined by
context.

[0055] Hereinafter, operational principles and embodi-
ments of the present invention will be described with
reference to the attached drawings.

[0056] FIG. 11is an external view of an ultrasound imaging
apparatus in accordance with one embodiment, and FIG. 2
is a control block diagram of the ultrasound imaging appa-
ratus in accordance with one embodiment. Also, FIG. 3 is a
control block diagram illustrating a configuration of a main
body of the ultrasound imaging apparatus in accordance
with one embodiment.

[0057] Referring to FIG. 1, an ultrasound imaging appa-
ratus 1 includes an ultrasound probe P configured to transmit
ultrasonic waves to an object, receive ultrasonic echo signals
from the object, and convert the ultrasonic echo signals into
electrical signals and a main body M connected to the
ultrasound probe P and configured to include an input
portion 540 and a display portion 550 and display an
ultrasonic image. The ultrasound probe P may be connected
to the main body M of the ultrasound imaging apparatus 1
through a cable 5, may receive various signals necessary for
controlling the ultrasound probe P, and may transfer analog
signals or digital signals corresponding to the ultrasonic
echo signals received by the ultrasound probe P to the main
body M. However, embodiments of the ultrasound probe P
are not limited thereto and the ultrasound probe P may be
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embodied as a wireless probe to transmit and receive signals
through a network formed between the ultrasound probe P
and the main body M.

[0058] One end of the cable 5 may be connected to the
ultrasound probe P and the other end thereof may be
connected to a connector 6 configured to be couplable with
or separable from a slot 7 of the main body M. The main
body M and the ultrasound probe P may send and receive
control commands or data using the cable 5. For example,
when a user inputs information with respect to a focal depth,
a size or shape of aperture, a steering angle or the like
through the input portion 540, such pieces of information
may be transferred to the ultrasound probe P through the
cable 5 to be used for forming beams transmitted and
received between a transmitter 100 and a receiver 200. Also,
when the ultrasound probe P is embodied as a wireless probe
as described above, the ultrasound probe P is connected to
the main body M through a wireless network not the cable
5. When connected to the main body M through a wireless
network, the main body M and the ultrasound probe P may
send and receive the control commands or data described
above. The main body M may include a controller 500, an
image processor 530, the input portion 540, and the display
portion 550 as shown in FIG. 2.

[0059] The controller 500 controls overall operations of
the ultrasound imaging apparatus 1. In detail, the controller
500 generates control signals for controlling each of ele-
ments of the ultrasound imaging apparatus 1 such as the
transmitter 100, a T/R switch 10, the receiver 200, the image
processor 530, and the display portion 550 as shown in FIG.
2 and controls operations of all the elements described
above. In the ultrasound imaging apparatus 1 according to
the embodiment shown in FIGS. 2 and 3, a transmitting/
receiving beamformer is included in the ultrasound probe P
not the main body M. However, the transmitting/receiving
beamformer may be included in the main body M not the
ultrasound probe P.

[0060] The controller 500 calculates a delay profile of a
plurality of ultrasonic transducer elements 60 that form an
ultrasonic transducer array TA and calculates a time delay
value according to a distance difference of a focal point
between each of the plurality of ultrasonic transducer ele-
ments 60 included in the ultrasonic transducer array TA and
the object based on the calculated delay profile. Also, the
controller 500 controls the transmitting/receiving beam-
former according thereto to generate transmission/reception
signals.

[0061] Also, the controller 500 may control the ultrasound
imaging apparatus 1 by generating a control command for
each of the elements of the ultrasound imaging apparatus 1
according to an instruction or command of a user input
through the input portion 540.

[0062] The controller 500 according to the disclosed
embodiment sets a region of interest (ROI) in an ultrasonic
image, particularly, in a sonoelastographic image displayed
on the display portion 550 as a shape corresponding to that
of an interested object not a simple circular or quadrangular
shape including the interested object. For example, a shape
corresponding to a cardiac short axis plane that is an
interested object in an ultrasonic image of the heart is set as
an ROI and the region of interest is displayed on the display
portion 550. A detailed description thereof will be described
below.
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[0063] The image processor 530 generates an ultrasonic
image of a target part inside the object based on ultrasonic
signals collected by the receiver 200.

[0064] The ultrasound imaging apparatus 1 may be used
for inspecting a heart. It is referred to as an echocardiogra-
phy that forms an image by sending ultrasonic waves to a
heart and analyzing the ultrasonic waves that are reflected
and return and estimates a morphological structure and
function of the heart.

[0065] The echocardiography has a difference from a
general ultrasound exam in an aspect of inspecting a moving
structure that is a heart.

[0066] Also, unlike general ultrasound exams, the
echocardiography diagnoses a cardiac function by measur-
ing the capacity, pressure and the like in the heart using a
Doppler and the like.

[0067] In detail, sizes of atria and ventricles of the heart
may be measured and a function as a pump for the heart and
a function of receiving blood into the heart are evaluated.
Also, since the thickness of a cardiac wall may be directly
measured, myocardiopathy and the like may be easily diag-
nosed and a survival rate and prognosis of a patient may be
estimated. Since the echocardiography provides a shape of
a valve in the heart and hemodynamic information, a cause
and a degree of a valvular disease may be estimated using
only an ultrasound exam. For example, it is possible to check
amovement disorder of a local cardiac wall of a heart in case
of ischemic heart diseases, and more particularly, it is
possible to do a differential diagnosis of myocardial infrac-
tion with a high mortality through an echocardiography.
[0068] Referring to FIG. 3, the image processor 530 may
include an image former 531, a signal processor 533, a scan
converter 535, a storage 537, and a volume renderer 539.
[0069] The image former 531 generates a two-dimen-
sional or three dimensional coherent ultrasonic image of a
target part inside an object based on ultrasonic signals
collected by the receiver 200.

[0070] The signal processor 533 converts coherent image
information formed by the image former 531 into ultrasonic
image information according to a diagnosis mode such as a
B-mode, a Doppler mode or the like. For example, when a
diagnosis mode is set as a B-mode, the signal processor 533
performs processing such as an A/D conversion treatment
and compiles ultrasonic image information for a B-mode
image in real time. Also, when a diagnosis mode is set as a
Doppler mode (D-mode), the signal processor 533 extracts
phase shift information from an ultrasonic signal, calculates
information such as a blood current corresponding to each
point of a photographed cross section such as a velocity,
powet, and dispersion, and compiles ultrasonic image infor-
mation of the D-mode image in real time.

[0071] Also, when a diagnosis mode is set as an elastic
mode, the signal processor 533 calculates a disparity image
from consecutive ultrasonic images, detects a point at which
a disparity of tissue occurs, and calculates a velocity of the
disparity. In this case, an alteration degree of a scatter is
calculated by comparing the consecutive ultrasonic images
to detect the disparity of tissue. Sequentially, the signal
processor 533 measures a transmission velocity of a trans-
verse wave by determining a position of the transverse wave
in an image from each disparity image and calculates a shear
modulus based on the transmission velocity of the transverse
wave. The shear modulus is calculated by multiplying a
square of the transverse wave by a density of a medium. The
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signal processor 533 calculates the shear modulus as a grade
of elasticity and generates a sonoelastographic image based
on the calculated the grade of elasticity. The sonoelasto-
graphic image may include a preset color according to a
grade of elasticity of a region of interest and may be
embodied as a spectrum image displayed as a three-dimen-
sional image or a waveform. The sonoelastographic image
according to the disclosed embodiment may be generated
using external pressure or may be generated using internal
pressure, for example, pressure generated from a cardiac
vessel.

[0072] The scan converter 535 converts converted ultra-
sonic image information input from the signal processor 533
or converted ultrasonic image information stored in the
storage 537 into a general video signal for the display
portion 550 and transmits the video signal to the volume
renderer 539.

[0073] The storage 537 temporarily or non-temporarily
stores the ultrasonic image information converted through
the signal processor 533.

[0074] The volume renderer 539 performs volume render-
ing based on the video signal transmitted from the scan
converter 535, generates a final result image by correcting
rendered image information, and transmits the generated
result image to the display portion 550. For example, the
volume renderer 539 may perform the volume rendering of
the heart based on the video signal of the heart transmitted
from the scan converter 535.

[0075] The input portion 540 may be provided to allow a
user to input commands related to operations of the ultra-
sound imaging apparatus 1. The user may input or set
diagnosis mode selection commands such as an ultrasonic
diagnosis starting command, a brightness mode (B-mode), a
motion mode (M-mode), a Doppler mode (D-mode), an
elastic mode, a three-dimensional mode and the like and
ROI setting information including a size and a position of an
ROIL. The ROI may be at least one of a long axis cross
section and a short axis cross section of the heart but is not
limited thereto. A detailed description thereof will be
described below.

[0076] The B-mode is displaying an internal cross-sec-
tional image of an object and illustrates a part with a strong
reflected echo and a part with a weak reflected echo using a
difference in brightness. A B-mode image is configured
based on information obtained from several tens to several
hundreds of scan lines.

[0077] The M-mode is displaying how biometric data (for
example, brightness information) with respect to a certain
part (M line) among cross-sectional images (B-mode
images) of the object changes according to time as an image.
Generally, the B-mode image and the M-mode image are
displayed in one screen at the same time to allow a user to
make an accurate diagnosis by comparing and analyzing two
data.

[0078] The D-mode means an image using the Doppler
effect in which a frequency of a sound emitted from a
moving object causes a change. The mode using the Doppler
effect described above may be subdivided into a power
Doppler imaging (PDI) mode, a color flow mode (S flow),
and a DPDI mode.

[0079] The PDI mode is displaying the degree of a Dop-
pler signal or the number of a structure (red blood cells in
blood) and is less sensitive to an incident angle in such a way
that there is no fake signal and an image is less attenuated.
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Also, since the PDI mode records reflected Doppler energy,
the PDI mode is very sensitive to even detect a small blood
vessel and a blood flow at a low velocity.

[0080] The color flow mode (S flow) provides a PDI that
shows power of a Doppler signal in a two-dimensional
distribution and a velocity image that indicates a velocity of
a Doppler signal in a two-dimensional distribution. A color
flow mode image may not only visualize a blood flow in real
time but also show a widespread blood flow state from a
high velocity blood flow in a large blood vessel to a low
velocity blood flow in a small blood vessel.

[0081] The DPDI mode means a directional image that
shows directional information of a Doppler signal in the PDI
mode in a two-dimensional distribution. Accordingly, there
is an effect of more accurately detecting information with
respect to a blood flow than the PDI. Also, an M-mode
image may be generated with respect to a Doppler mode
image.

[0082] The elastic mode means a method of obtaining a
sonoelastographic image of an object using elastography.
Here, the elastography indicates analyzing that a difference
in metamorphic grades of tissue according to pressure is
decreased because the harder structure such as a malignant
mass has lower tissue elasticity. The sonoelastographic
image means an image that quantitatively displays stiffness
of tissue as described above.

[0083] The three-dimensional mode generally means an
image that displays a geometric three-dimensional structure
or space including X, Y, and Z values that represent a depth,
area, and height and may mean a series of images that are
three-dimensional shapes or mean a three-dimensional effect
or stereo effect. As an example, a shape of a heart may be
three-dimensionally displayed using a stereo effect of the
three-dimensional mode.

[0084] The input portion 540 may include various devices
that allow a user to input an instruction or command such as
a keyboard, a mouse, a trackball, a tablet, a touch screen
module and the like. Particularly, the user may input a region
of interest that is desired by the user through the input
portion 540.

[0085] The display portion 550 displays a menu or guid-
ance necessary for echography and an ultrasonic image
obtained during an echography process. The display portion
550 displays an ultrasonic image of a target part inside an
object generated by the image processor 530. An ultrasonic
image displayed on the display portion 550 may be an
ultrasonic image of the B-mode, an ultrasonic image in the
elastic mode, and a three-dimensional ultrasonic image. The
display portion 550 may display various ultrasonic images
according to the modes described above. When displaying a
sonoelastographic image, the display portion 550 may dis-
play a color preset according to a grade of elasticity (that is,
a shear modulus) of each point. Also, the display portion 550
may display a grade of elasticity of each point in a region of
interest that is digitized.

[0086] The display portion 550 may be embodied in
various well-known displaying devices such as a cathode ray
tube (CRT), a liquid crystal display (LCD) and the like.
[0087] The ultrasound probe P according to one embodi-
ment, as shown in FIG. 2, may include the ultrasonic
transducer array TA, the T/R switch 10, the transmitter 100,
and the receiver 200. The ultrasonic transducer array TA
may be provided at an end portion of the ultrasound probe
P. The ultrasonic transducer array TA means arranging a
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plurality of ultrasonic transducer elements 60 in one-dimen-
sional or two-dimensional array. The ultrasonic transducer
array TA generates ultrasonic waves while vibrating due to
an applied pulse signal or an alternating current. The gen-
erated ultrasonic waves are transmitted to a target part inside
an object. In this case, the ultrasonic waves generated at the
ultrasonic transducer array TA may be transmitted with a
plurality of target parts inside the object as focuses. In other
words, the generated ultrasonic waves may be transmitted to
the plurality of target parts while being multi-focused.
[0088] The ultrasonic waves generated at the ultrasonic
transducer array TA are reflected by the target parts inside
the object and return to the ultrasonic transducer array TA.
The ultrasonic transducer array TA receives ultrasonic echo
signals that are reflected by the target parts and return
therefrom. When the ultrasonic echo signals arrive, the
ultrasonic transducer array TA vibrates at a certain frequency
corresponding to a frequency of the ultrasonic echo signals
and outputs an alternating current at a frequency correspond-
ing to a vibrating frequency. Accordingly, the ultrasonic
transducer array TA converts the received ultrasonic echo
signals into certain electric signals. Since each of the ultra-
sonic transducer elements 60 receives an ultrasonic echo
signal and outputs an electrical signal, the ultrasonic trans-
ducer array TA may output electrical signals in a plurality of
channels.

[0089] An ultrasonic transducer may be embodied as any
one of a magnetostrictive ultrasonic transducer using a
magnetostrictive effect of a magnetic body, a piezoelectric
transducer using a piezoelectric effect of a piezoelectric
material, and a capacitive micromachined ultrasonic trans-
ducer (CMUT) that transmits and receives ultrasonic waves
using vibrations of several hundreds or several thousands of
micromachined thin films. Also, in addition thereto, other
types of transducers capable of generating ultrasonic waves
or generating electrical signals according to ultrasonic
waves may also be examples of the ultrasonic transducer.
[0090] For example, the ultrasonic transducer element 60
according to the disclosed embodiment may include a piezo-
electric vibrator or a thin film. When an alternating current
is applied from a power source, the piezoelectric vibrator or
the thin film vibrates at a certain frequency according to the
alternating current and generates ultrasonic waves at a
certain frequency according to the vibrating frequency. On
the other hand, when an ultrasonic echo signal at a certain
frequency arrives at the piezoelectric vibrator or the thin
film, the piezoelectric vibrator or the thin film vibrates
according to the ultrasonic echo signal and outputs an
alternating current at a frequency corresponding to the
vibrating frequency.

[0091] The transmitter 100 applies a transmission pulse to
the ultrasonic transducer array TA to allow the ultrasonic
transducer array TA to transmit an ultrasonic signal to a
target part inside an object. The transmitter 100 may include
a transmission beamformer 110 and a pulser 120.

[0092] The transmission beamformer 110 forms a trans-
mission signal pattern according to a control signal of the
controller 500 of the main body M and outputs the trans-
mission signal pattern to the pulser 120. The transmission
beamformer 110 forms a transmission signal pattern based
on a time delay value with respect to each of the ultrasonic
transducer elements 60 that form the ultrasonic transducer
array TA calculated through the controller 500 and transmits
the formed transmission signal pattern to the pulser 120.
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[0093] The receiver 200 performs a certain process with
respect to the ultrasonic echo signal received from the
ultrasonic transducer array TA and performs reception
beamforming. The receiver 200 may include a reception
signal processor and a reception beamformer. An electrical
signal converted by the ultrasonic transducer array TA is
input to the reception signal processor. The reception signal
processor may amply a signal before signal-processing or
time delay processing with respect to the electrical signal
obtained by converting the ultrasonic echo signal and may
adjust a gain or compensate a decrease according to a depth.
In more detail, the reception signal processor may include a
low noise amplifier (LNA) that decreases noise with respect
to the electrical signal input from the ultrasonic transducer
array TA and a variable gain amplifier (VGA) that controls
a gain value according to the input signal. The variable gain
amplifier may perform time gain compensation (TGC) for
compensating a gain according to a distance from a focusing
point but is not limited thereto.

[0094] The reception beamformer performs beamforming
with respect to the electrical signal input from the reception
signal processor. The reception beamformer increases signal
strength of the electrical signal input from the reception
signal processor through superposition. The signal beam-
formed by the reception beamformer is converted into a
digital signal while passing through an analog-to-digital
converter and is transmitted to the image processor 530 of
the main body M. When the analog-to-digital converter is
provided at the main body M, an analog signal beamformed
by the reception beamformer may be transmitted to the main
body M and may be converted into a digital signal at the
main body M. Also, the reception beamformer may be a
digital beamformer. The digital beamformer may include a
storage portion capable of sampling and storing an analog
signal, a sampling period controller capable of controlling a
sampling period, an amplifier capable of adjusting amplitude
of a sample, an anti-aliasing low pass filter for preventing
aliasing before sampling, a bandpass filter capable of select-
ing a desired frequency band, an interpolation filter capable
of increasing a sampling rate in beamforming, and a high-
pass filter capable of removing a digital current (DC)
component or a signal in a low frequency band.

[0095] FIG. 4 is a view illustrating a long axis cross
section of a heart.

[0096] Referring to FIG. 4, FIG. 4 illustrates a cross
section position 600 and cross sections 600a, 6005, and 600¢
of the heart. In analyzing of the heart, the ultrasonic image
apparatus may form a cross section based on a long axis.
[0097] A normal 4 chamber plane (A4C) 600a is a cross
section of A plane of the heart and is a plane in which all of
a left ventricle, a left atrium, a right ventricle, and a left
atrium are shown. In the A4C 6004, an apical cap, an apical
septum, a mid inferoseptum, a basal inferoseptum, an apical
lateral, a mid anterolateral, and a basal anterolateral are
shown.

[0098] The A4C 600a is a cross-sectional view of the heart
longitudinally taken from the left ventricle. Through the
A4C 600q, itis possible to most easily observe a mitral valve
and a ventricular septum. Through the A4C 600q, the left
and right atria and ventricles, the mitral valve and a tricuspid
valve between each atrium and each ventricle, and an atrial
septum and the ventricular septum are shown.

[0099] Meanwhile, a normal 2 chamber plane (A2C) 6005
is a cross section of B plane of the heart and is a plane in
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which atria and ventricles are shown. In the A2C 6005, an
apical cap, an apical inferior, a mid interior, and a basal
inferior are shown. Also, an apical anterior, a mid anterior,
and a basal anterior are shown.

[0100] The A2C 6005 is obtained by rotating a long axis
tomogram of the left ventricle by 90 degrees and is obtained
by rotating the A4C 6004 by 60 degrees counterclockwise to
allow the left atrium, the left ventricle, and the mitral valve
to be seen. In color Doppler echocardiogram, since it is easy
to detect countercurrents of AR and MR, the A2C 6005 may
be used. Also, since it is possible to obtain information with
respect to an end portion of the heart at the left ventricle, the
A2C 6005 is a cross section necessary for ischemic heart
diseases.

[0101] A three chamber plane (A3C) 600c¢ is obtained by
rotating the A2C 6005 by 60 degrees counterclockwise to
allow the left atrium, the left ventricle, and an aortic valve
including a left ventricular outflow path to be seen.

[0102] The A3C 600c¢ is a cross section of C plane of the
heart and is a plane in which three chambers are shown. In
the A3C, the left ventricle, the left atrium, and an aorta are
shown. In the A3C, an apical lateral, a mid inferolateral, a
basal inferolateral, an apical anterior, a mid anteroseptum,
and a basal anteroseptum are shown.

[0103] FIG. 5 is a view illustrating a short axis cross
section of a heart.

[0104] Referring to FIG. 5, FIG. § illustrates a cross
section position 600 and cross sections 600d, 600e, and 600/
of the heart. In analyzing of the heart, the ultrasonic image
apparatus may form a cross section based on a short axis.
[0105] A short axis basic plane (SAXB) 6004 is a cross
section of D plane of the heart. In the SAXB 6004, an
anterior, an anteroseptum, an inferoseptum, an anterior
lateral, an inferolateral, and an inferior of the heart are
shown.

[0106] A short axis mid plane (SAXM) 600e is a cross
section of E plane of the heart. The SAXM 600¢ illustrates
an internal structure of the heart unlike the SAXB 6004, and
particularly, shows different shapes of the heart at the
inferior and anterior laterals of the heart.

[0107] A short axis normal plane (SAXA) 600f'is a cross
section of F plane of the heart. The SAXA 600/ shows an
anterior, a septum, a lateral, and an inferior.

[0108] A cross section based on a short axis of the heart
may show a mitral valve (atrioventicular valve) and a left
mitral valve and has an effect on inspecting whether valve
calcification is present and inspecting an area of an inlet
portion of a valve.

[0109] Accordingly, four chambers, that is, left and right
ventricles and left and right atria are illustrated as the A4C
view. In the A3C view, the left ventricle, the left atrium, and
the aorta are shown. Also, when a heart is three-dimension-
ally shown, the views may be reconfigured as multiplanar
reformat/reconfiguration (MPR) planes. Detecting of two-
dimensional planes in a 3D volume may improve consis-
tency among users and may be used for adjusting parameters
obtained for excellent image quality.

[0110] That is, the controller 500 may obtain the A4C, the
A2C, the A3C, the SAXB, the SAXM, and the SAXA, and
the cross sections described above may allow a treatment
operation flow and a movement analysis of internal walls of
the heart to be easily performed.

[0111] In FIGS. 4 and 5, the cross sections of the heart
have been described. However, cross sections capable of
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being displayed by the ultrasonic image apparatus are not
limited thereto and the cross sections described above are
merely examples of the cross sections of the heart.

[0112] FIG. 6 is a view illustrating a long axis cross
section and a short axis cross section of a heart that are
illustrated on a display according to the disclosed embodi-
ment.

[0113] Referring to FIG. 6, the controller 500 may obtain
a long axis cross section 551a of a heart and may control the
long axis cross section 551a to be shown on one side of a
display. In FIG. 6, the A2C is shown. However, the long axis
cross section 551a of the heart shown on a display by the
controller 500 may be the A4C and the A3C described above
but is not limited in type.

[0114] Meanwhile, the user may set an ROI through the
input portion 540. The controller 500 may show the long
axis cross section 551¢ and a short axis cross section 5515
of the heart shown in advance based on the ROI set by the
user. In FIG. 6, even though the user sets an SAXA as the
ROI, an SAXB and an SAXM may be set as the ROl
However, the ROI set by the user is not limited thereto.
[0115] Meanwhile, when the long axis cross section 551a
is shown on the display and the user selects any one of short
axis cross sections as the ROI, the controller 500 may
control a list 551¢ of short axis cross sections of the heart to
be output on the one side of the display. The display may
output the list 551c¢ of the short axis cross sections of the
heart on the one side.

[0116] The long axis cross section 551 and the short axis
cross section 5515 of the heart may be output on one screen
at the same time to allow the user to accurately and quickly
recognize a cardiac structure.

[0117] FIG. 7 is a view illustrating a short axis cross
section 552a and a long axis cross section 5525 of a heart
that are illustrated on a display according to the disclosed
embodiment.

[0118] Referring to FIG. 7, the controller 500 may obtain
the short axis cross section 552a of the heart and may control
the short axis cross section 5524 to be shown on one side of
a display. In FIG. 7, a short axis normal plane is shown.
However, the short axis cross section 552a of the heart
shown on the display portion 550 by the controller 500 may
be a short axis basic plane and a short axis mid plane but is
not limited in type thereof.

[0119] Meanwhile, the user may set an ROI through the
input portion 540. The controller 500 may show the short
axis cross section 552a and the long axis cross section 5524
of the heart shown in advance based on the ROI set by the
user. In FIG. 7, even though the user sets an A4C as the ROI,
an A2C and an A3C may be set as the ROI. However, the
ROI set by the user is not limited thereto.

[0120] Meanwhile, when the short axis cross section 552a
is shown on the display and the user selects any one of long
axis cross sections as the ROI, the controller 500 may
control a list 552¢ of long axis cross sections of the heart to
be output on one side of the display portion 550. The display
portion 550 may output the list 552¢ of the long axis cross
sections of the heart on the one side.

[0121] The short axis cross section 5524 and the long axis
cross section 5525 of the heart may be output on one screen
at the same time to allow the user to accurately and quickly
recognize a cardiac structure.

[0122] FIG. 8 is a view illustrating one long axis cross
section and three short axis cross sections of a heart dis-
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played on the display portion 550, and FIG. 9 is a view
illustrating one short axis cross section and three long axis
cross sections of a heart displayed on one display portion
550.

[0123] Referring to FIG. 8, FIG. 8 illustrates that a long
axis cross section 553a and three short axis cross sections
553b, 553¢, and 5534 are displayed on one display portion
550. In FIG. 8, an A4C is shown. However, both an A2C and
an A3C described above are available.

[0124] Referring to FIG. 9, FIG. 9 illustrates that a short
axis cross section 554a and three long axis cross sections
554b, 554¢, and 5544 are displayed on one display portion
550. In FIG. 9, an SAXA is displayed. However, both an
SAXB and an SAXM are available.

[0125] The user may easily and quickly recognize a car-
diac structure by comparing one cardiac long axis plane or
one short axis plane with several cardiac short axis planes or
long axis planes.

[0126] FIG. 10 is a view illustrating that one stereoradio-
graphic image and three short axis cross sections of a heart
according to the disclosed embodiment are displayed on the
display portion 550.

[0127] The controller 500 may derive a stereoscopic
image 5554 based on an image obtained by the ultrasound
probe P and may control the display portion 550 to display
the stereoscopic image 555a. Since an operation of obtain-
ing a stereoscopic image of a heart has been described
above, a detailed description thereof will be omitted.
[0128] Referring to FIG. 10, FIG. 10 illustrates that the
stereoscopic image 5554 and short axis cross sections 5555,
555¢, and 5554 of the heart are displayed on one display
portion 550. The user may set an ROI through the input
portion 540 while observing a stereoscopic image of a heart.
The user may set a cardiac short axis cross section as the
ROI or may set a cardiac long axis cross section as the ROI.
In FIG. 10, the short axis cross sections 5555, 555¢, and
5554 of the heart are set as the ROI and three short axis cross
sections of the heart are shown. Even though the short axis
cross sections of the heart are set as the ROI as shown in
FIG. 10, the user may set the long axis cross section of the
heart as the ROI. In this case, an A4C, an A2C, and an A3C
may be shown with the stereoscopic image of the heart.
[0129] Meanwhile, the controller 500 may adjust an angle
of the stereoscopic image 555a of the heart. The user may
input a signal for changing the angle of the stereoscopic
image 555a of the heart through the input portion 540, and
the controller 500 may change the angle of the stereoscopic
image 555a of the heart based on the signal input by the user.
The controller 500 may output images of the short axis cross
sections 555b, 555¢, and 555d based on the stereoscopic
image of the heart at the changed angle.

[0130] Since it is possible to observe a stereoscopic image
of a heart and short axis cross sections of the heart through
one display portion 550, the user may more efficiently
recognize a cardiac structure.

[0131] Even though FIGS. 8 to 10 illustrate images
obtained by dividing a part in which an image of a heart is
displayed into four parts, they are merely one embodiment
and there is no limitation in position and number of the
images of the heart.

[0132] FIGS. 11A and 11B are views illustrating interfaces
for inputting an ROI according to the disclosed embodiment.
[0133] Referring to FIG. 11A, FIG. 11A illustrates an A2C
556a of long axis cross sections of a heart and three short
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axis cross sections 5565 of the heart. The user may compare
two images through a command for selecting one of the
short axis cross sections of the heart displayed on the display
portion 550.

[0134] Referring to FIG. 11B, FIG. 11B displays an A2C
557a of the cardiac long axis cross sections. In FIG. 11B, not
the short axis cross section of the heart but names 5575 of
cross sections are shown. The user may select at least one of
the name of cross sections and may compare a long axis
cross section image of the heart with a short axis cross
section image of the heart.

[0135] As described above, a command for inputting the
ROI in FIGS. 11A and 11B may be input through the input
portion 540. Otherwise, when the display portion 550
includes a touch panel, a command may be input through a
touch to the display portion 550.

[0136] FIGS. 12 and 13 are views illustrating ROIs
according to the disclosed embodiment.

[0137] Referring to FIG. 12, the controller 500 may dis-
play a guide line U1 of an ROI on a long axis cross section
558a of a heart output on the display portion 550. The
controller 500 may make structural division of the long axis
cross section 558« to be precise by displaying the long axis
cross section 558a of the heart with the guide line U1 of the
ROI and may induce the ROI of an area desired by the user
in more detail.

[0138] In FIG. 12, the A2C 558a of long axis cross
sections of the heart is shown and an area U1 of a short axis
normal plane, a short axis basic plane, and a short axis mid
plane is displayed in the A2C 5584. The user may select the
ROI through the input portion 540. In FIG. 12, a short axis
mid plane 5585 is selected and the A2C 5584 and the short
axis mid plane 5584 are shown together.

[0139] Referring to FIG. 13, FIG. 13 illustrates that the
user selects a short axis mid plane 55956 as an ROI through
the input portion 540 in an A4C 559a.

[0140] The controller 500 may display a cardiac long axis
cross section 559q that displays only an ROI U2 set by the
user in the long axis cross section 5594 and may display a
cardiac short axis cross section 5595 corresponding thereto.
The cardiac long axis cross section 559a shown in FI1G. 12
is an A2C, and the ROI selected by the user is the short axis
mid plane 559b. Through operations described above, the
user may perform more intensive observation by observing
the cardiac long axis cross section of a part U2 to be
observed while separating from a part not to be observed.

[0141] Types of cross sections shown in FIGS. 12 and 13
are merely one embodiment, and types of cross sections to
be displayed with the guide line of the ROI are not limited.

[0142] FIG. 14 is a flowchart according to the disclosed
embodiment.
[0143] Referring to FIG. 14, the ultrasound imaging appa-

ratus 1 may display an ultrasonic image of a heart (801). An
existing cross section may be a cardiac long axis cross
section or a cardiac short axis cross section. As described
above, the long axis cross section of the heart may be an
A4C, an A2C, and an A3C and the cardiac short axis cross
section may be a short axis normal plane, a short axis mid
plane, and a short axis basic plane. The user may set an ROI
in the existing cross section (802). The controller 500
displays a cardiac cross section of the ROI set by the user
and an existing ultrasonic image of the heart on one display
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portion 550 (803). Through this, the user may more effec-
tively and quickly recognize a cardiac structure than existing
displaying methods.

[0144] The ROI setting method described above may be
applied to a three-dimensional ultrasonic image. The user
may adjust a shape or a size of an ROI displayed on the
display portion 550 through inputting of a command through
the input portion 540 or inputting of a command through a
touch to the display portion 550.

[0145] Meanwhile, the disclosed embodiments may be
embodied as recording media that store commands execut-
able by computers. The commands may be stored as the
form of program codes and may generate program modules
when being executed by a processor to perform operations
of the disclosed embodiments. The recording media may be
embodied as computer-readable recording media.

[0146] The computer-readable recording media may
include all types of recording media that store computer-
decodable commands. For example, there may be a read
only memory (ROM), a random access memory (RAM), a
magnetic tape, a magnetic disc, a flash memory, an optical
data storage and the like.

[0147] As is apparent from the above description, an
ultrasound imaging apparatus and a method of controlling
the same in accordance with one embodiment of the present
disclosure may more efficiently and quickly recognize a
cardiac structure by displaying a cardiac image obtained by
the ultrasound imagining apparatus and an image of an
interested cardiac area set by a user at the same time.
[0148] Although a few embodiments of the present dis-
closure have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles
and spirit of the present disclosure, the scope of which is
defined in the claims and their equivalents.

What is claimed is:

1. An ultrasound imaging apparatus comprising:

a display portion configured to display an ultrasonic

image of a heart of an object;

an input portion configured to receive a command for

setting a region of interest (ROI) of the displayed
ultrasonic image of the heart; and

a controller configured to set the ROI of the ultrasonic

image of the heart based on the command for setting the
ROI input through the input portion and control at least
one image of the set ROT and the ultrasonic image of
the heart to be displayed together on the display por-
tion.

2. The ultrasound imaging apparatus of claim 1, wherein
the controller is based on obtaining the ultrasonic image of
the heart and the at least one ROI image at different angles.

3. The ultrasound imaging apparatus of claim 1, wherein
the ultrasonic image of the heart is one of cardiac long axis
cross sections of the heart, and

wherein the ROI image is at least one of cardiac short axis

cross sections of the heart.

4. The ultrasound imaging apparatus of claim 1, wherein
the ultrasonic image of the heart is one of cardiac short axis
cross sections of the heart, and

wherein the ROI image is at least one of cardiac long axis

cross sections of the heart.

5. The ultrasound imaging apparatus of claim 1, wherein
the ultrasonic image of the heart is a stereoscopic image that
three-dimensionally shows the heart, and
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wherein the ROI image is at least one of a short axis cross
section image and a long axis cross section image of the
heart.

6. The ultrasound imaging apparatus of claim 1, wherein
the controller divides the display portion into at least two
areas and controls the ultrasonic image of the heart and the
at least one image of the ROI to be displayed in the divided
areas, respectively.

7. The ultrasound imaging apparatus of claim 1, wherein
the controller controls the ultrasonic image of the heart and
a guide line related to setting of the ROI in the ultrasonic
image to be displayed together.

8. The ultrasound imaging apparatus of claim 1, wherein
when the ROI of the ultrasonic image of the heart is selected
through the input portion, the controller controls only an
ultrasonic image of an area corresponding to the ROI
selected from the ultrasonic image of the heart to be dis-
played.

9. The ultrasound imaging apparatus of claim 1, wherein
the display portion comprises a touch panel configured to
receive a command for selecting the ROI of the ultrasonic
image of the heart, and

wherein when the ROT of the ultrasonic image of the heart

is selected through the display portion, the controller
controls the ultrasonic image of the heart and the ROI
image to be displayed on the display portion.

10. The ultrasound imaging apparatus of claim 1, wherein
the controller obtains and displays a list of a plurality of such
preset ROI images and controls at least one ROI image
selected from the list of the plurality of displayed ROI
images to be displayed.

11. A method of controlling an ultrasound imaging appa-
ratus, comprising:

displaying an ultrasonic image of a heart of an object;

receiving a command for setting an ROI of the displayed

ultrasonic image of the heart; and

setting the ROI of the ultrasonic image of the heart based

on the command for setting the ROI input through an
input portion and controlling at least one image of the
set ROI and the ultrasonic image of the heart to be
displayed together.

12. The method of claim 11, wherein the ultrasonic image
of the heart and the at least one ROI image are based on
obtaining at different angles.

13. The method of claim 11, wherein the ultrasonic image
of the heart is one of cardiac long axis cross sections of the
heart, and

wherein the ROI image is at least one of cardiac short axis

cross sections of the heart.

14. The method of claim 11, wherein the ultrasonic image
of the heart is one of cardiac short axis cross sections of the
heart, and

wherein the ROI image is at least one of cardiac long axis

cross sections of the heart.

15. The method of claim 11, wherein the ultrasonic image
of the heart is a stereoscopic image that three-dimensionally
shows the heart, and

wherein the ROI image is at least one of a short axis cross

section image and a long axis cross section image of the
heart.

16. The method of claim 11, wherein the controlling of at
least one image of the set ROI and the ultrasonic image of
the heart to be displayed together comprises controlling the
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ultrasonic image of the heart and the at least one image of
the ROI to be displayed in divided areas, respectively.

17. The method of claim 11, further comprising control-
ling the ultrasonic image of the heart and a guide line related
to setting of the ROT in the ultrasonic image to be displayed
together.

18. The method of claim 11, wherein the displaying of the
ultrasonic image of the heart of the object comprises, when
the ROI of the ultrasonic image of the heart is selected,
controlling only an ultrasonic image of an area correspond-
ing to the ROI selected from the ultrasonic image of the
heart to be displayed.

19. The method of claim 11, further comprising obtaining
and displaying a list of a plurality of such preset ROI images
and controlling at least one ROI image selected from the list
of the plurality of displayed ROI images to be displayed.
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