US 20160022247A1

12) Patent Application Publication (o) Pub. No.: US 2016/0022247 Al

a9y United States

JIN et al.

(43) Pub, Date: Jan. 28, 2016

(54) ULTRASOUND IMAGING APPARATUS AND
CONTROLLING METHOD THEREOF

(71)  Applicant: SAMSUNG MEDISON CO., LTD.,
Gangwon-do (KR)

(72) Inventors: Gil Ju JIN, Seoul (KR); Mi Jeoung
AHN, Seoul (KR); Mi Ae BYUN,
Seongnam-si (KR)

(21) Appl. No.: 14/807,777

(22) Filed:  Jul. 23,2015
(30) Foreign Application Priority Data
Jul. 24,2014 (KR) e 10-2014-0094214

UNIT

400 600
CONTROLLING

Publication Classification
(51) Imt.Cl

A61B 8/00 (2006.01)
A61B 8/08 (2006.01)
A61B 8/14 (2006.01)

(52) US.CL
CPC . AG61B 8/463 (2013.01); A61B 8/14 (2013.01);
AGIB 8/4245 (2013.01); A61B 8/5238
(2013.01)

(57) ABSTRACT

Disclosed herein is an ultrasound imaging apparatus and a
controlling method thereof, the ultrasound imaging apparatus
includes a receiving unit receiving an imaging signal of an
object, a display unit displaying a diagnostic imaging on a
first section based on the imaging signal and displaying an
image indicator indicating a target part of the object on a
second section, and a controlling unit synchronizing the diag-
nostic imaging with a reference image corresponding to the
diagnostic imaging.
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ULTRASOUND IMAGING APPARATUS AND
CONTROLLING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Patent
Application No.10-2014-0094214, filed on Jul. 24, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present disclosure relate to an
ultrasound imaging apparatus for processing an ultrasonic
image and a controlling method thereof.

[0004] 2. Description of Related Art

[0005] An ultrasound imaging apparatus irradiates ultra-
sounds to a target part in an object through the surface of the
object, detects echo ultrasounds reflected from the object and
then noninvasively provides images about an examined part,
such as a tomogram of a soft tissue or bloodstream.

[0006] The ultrasound imaging apparatus is compact, inex-
pensive, and displaying a diagnostic imaging immediately as
compared with another type of diagnostic imaging apparatus,
e.g., X-ray device, Computerized Tomography (CT) scanner,
Magnetic Resonance Image (MRI), diagnostic nuclear medi-
cal apparatus. In addition, the ultrasound imaging apparatus
1s safe because there is not risk of radiation exposure. There-
fore, the ultrasound imaging apparatus is widely used in
medical examination at maternity, cardiology, abdomen,
urology clinics.

[0007] In general, a diagnostic imaging generated by an
ultrasound imaging apparatus displays a portion of an object,
thus it is difficult for an operator to recognize intuitionally a
target part of the object or a ultrasound probe direction toward
an examined position. Together with the diagnostic imaging,
an image indicator indicating a target part of the object may
be displayed, wherein the image indicator may be letters or
icons similar with a shape of the object.

SUMMARY

[0008] Therefore, it is an aspect of the present disclosure to
provide an ultrasound imaging apparatus capable of display-
ing a diagnostic imaging together with an image indicator
indicating a target part by synchronizing the diagnostic imag-
ing of the ultrasound imaging apparatus with a reference
imaging, and a method of controlling the same.

[0009] 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 invention.

[0010] Inaccordance with one aspect of the present disclo-
sure, an ultrasound imaging apparatus includes a receiving
unit receiving an imaging signal of an object, a display unit
displaying a diagnostic imaging on a first section based on the
imaging signal and displaying an image indicator indicating a
target part of the object on a second section, and a controlling
unit synchronizing the diagnostic imaging with a reference
image corresponding to the diagnostic imaging.

[0011] The display unit may display at least one reference
images similar to the diagnostic imaging on a third section,
the ultrasound imaging apparatus may further include an
input unit receiving a selection of one reference image among

Jan. 28,2016

the at least one reference images from users, and the control
unit may synchronize the diagnostic imaging with the
selected reference image.

[0012] The image indicator may include a target organ
marker of the object.

[0013] The image indicator may include a beam direction
marker indicating a direction of an ultrasound probe beam.
[0014] The image indicator may include a beam direction
marker in two dimensions or in three dimensions according to
types of image signals.

[0015] Theimage indicator may further include a body axis
marker indicating an anatomical location of the object.
[0016] The ultrasound imaging apparatus may further
include an input unit receiving user requests including a
selection of a target part and a diagnostic location from users,
and the display unit may further display a different target
organ marker the second section according to the selection of
the target part and the diagnostic location.

[0017] The reference image may include a cross-sectional
image according to a diagnostic mode of a three dimensional
volume image.

[0018] The ultrasound imaging apparatus may further
include a storage unit storing the reference images according
to target parts and diagnostic locations of an object, and an
input unit receiving a selection of the target part and the
diagnostic location from the user.

[0019] The control unit may set the image indicator as at
least one of a reference position and a reference location when
the diagnostic imaging is synchronized with the reference
image.

[0020] The receiving unit may receive signals of a relative
position and a relative location of the ultrasound probe based
on the reference position and the reference location, and the
control unit may move the image indicator according to the
relative position and the relative location.

[0021] The receiving unit may receive a first image signal
and a second image signal of the object, the display unit may
display a first diagnostic imaging based on the first image
signal and a second diagnostic imaging based on the second
image signal on the first section, and the control unit may
move the image indicator according to a relative position and
arelative location of the second diagnostic imaging based on
the first diagnostic imaging,.

[0022] The display unit may display the target part on the
second section by moving the target organ marker.

[0023] The ultrasound imaging apparatus may further
include an ultrasound probe transmitting an ultrasound to the
object, receiving an echo ultrasound reflected from the object,
and transforming the echo ultrasound to an electrical signal,
and the display unit may display a target part of the object on
a first section based on the electrical signal.

[0024] The ultrasound probe may include a detecting unit,
wherein the detecting unit may detect a relative position and
a relative location of the ultrasound probe based on a refer-
ence position and a reference location, and the controlling
unit may move the image indicator according to the relative
position and the relative location.

[0025] The detecting unit may include at least one of an
angular velocity sensor, a magnetic sensor, an acceleration
sensor, a gravity sensor, and a gyro sensor.

[0026] The ultrasound imaging apparatus may further
include a storage unit storing at east one reference image.
[0027] The ultrasound imaging apparatus may further
include an input unit receiving a change signal for changing
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the reference image from users, and the controlling unit may
synchronize the changed reference image based on the
change signal.

[0028] In accordance with another aspect of the present
disclosure, a controlling method of an ultrasound imaging
apparatus includes receiving an image signal of an object,
displaying a diagnostic imaging on a first section based on the
image signal, synchronizing the diagnostic imaging with a
reference image corresponding to the diagnostic imaging,
and displaying an image indicator indicating a target part of
the object on a second section.

[0029] The method may further include displaying at least
one reference images similar to the diagnostic imaging on a
third section before the synchronizing, and receiving a selec-
tion of one reference image among the at least one reference
images from the user, wherein the synchronizing is that the
selected reference image by the user is synchronized with the
diagnostic imaging.

[0030] The reference image may include a cross-sectional
image according to a diagnostic mode of a three dimensional
volume image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the fol-
lowing description of embodiments, taken in conjunction
with the accompanying drawings of which:

[0032] FIG. 1 is a perspective view illustrating an ultra-
sound imaging apparatus according to an embodiment of the
present disclosure;

[0033] FIG. 2 is a control block diagram illustrating the
ultrasound imaging apparatus according to an embodiment of
the present disclosure;

[0034] FIGS. 3 and 4 are views illustrating a control opera-
tion by a controlling unit;

[0035] FIG.5isaview illustrating a reference image stored
in a storage unit according to an embodiment of the present
disclosure;

[0036] FIGS. 6 and 7 are views illustrating an image indi-
cator displayed on a second section of a display unit;

[0037] FIGS. 8 and 9 are views illustrating a diagnostic
imaging and an image according to changing a location and a
position of an ultrasound probe; and

[0038] FIG. 10 is a flow chart illustrating a control method
of an ultrasound imaging apparatus according to another
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0039] The present disclosure will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the disclosure are shown. The
disclosure may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the concept of the disclosure to
those skilled in the art. Like reference numerals in the draw-
ings denote like elements, and thus their description will be
omitted. In the description of the present disclosure, if it is
determined that a detailed description of commonly-used
technologies or structures related to the embodiments of the
present disclosure may unnecessarily obscure the subject
matter of the invention, the detailed description will be omit-
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ted. It will be understood that, although the terms first, sec-
ond, third, etc., may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section.

[0040] Embodiments of the present disclosure will now be
described with reference to accompanying drawings.

[0041] FIG. 1 is a perspective view illustrating an ultra-
sound imaging apparatus according to an embodiment of the
present disclosure.

[0042] As illustrated in FIG. 1, an ultrasound imaging
apparatus 100 may include an ultrasound probe 200, a main
body 300, a display unit 600 and an input unit 700.

[0043] The ultrasound probe 200 is connected to an end of
a cable and the other end of the cable may be connected to a
male connector (not shown). The male connector may be
physically coupled with a female connector (not shown) of
the rain unit 300.

[0044] The ultrasound probe 200 may include at least one
transducer T, and use them to transmit ultrasound signals to an
object and receive echo ultrasounds reflected from the object.
The at least one transducer T may form at least one row at one
end of the ultrasound probe 200, as shown in FIG. 1.

[0045] The object may be a living body of a human or
animal, an organ in the living body, such as blood vessels,
bones, muscles, etc., but is not limited thereto. Therefore,
anything whose internal structure may be imaged by the
ultrasound imaging apparatus 100 may be the object.

[0046] Three directions perpendicular to one and another
based on a center of the transducer may be defined as an axis
direction (A), a lateral direction (L), and an elevation direc-
tion (E). Particularly, a direction in which an ultrasound is
radiated may be defined as the axis direction (A), a direction
in which transducers are formed in a row may be defined as
the lateral direction (L), and a direction perpendicular to the
axis direction and the lateral direction may be defined as the
elevation direction (E).

[0047] The main body 300 may include a main component
of the ultrasound imaging apparatus 100, such as a transmit
signal generator (not shown). When an examiner inputs an
ultrasound diagnosis command, the transmit signal generator
(not shown) may generate a transmit signal and transmit the
transmit signal to the ultrasound probe 200.

[0048] The main body 300 may include at least one female
connectors (not shown), which are physically coupling to
male connectors (not shown) connected to cables so that the
main body 300 and the ultrasound probe 200 may communi-
cate signals. For example, a transmit signal generated by the
transmit signal generator may be sent to the ultrasound probe
200 through the male connector connected to the female
connector of the main body 300 and the cable.

[0049] Inaddition, a plurality of casters configured to fix or
move the ultrasound imaging apparatus 100 to a certain place
may be mounted on a lower portion of the main body 300.
[0050] Theinputunit700 may receive commands related to
an operation of the ultrasound imaging apparatus 100 from
users. For example, the user may input a command to start
ultrasonic examination, select a target part, select a diagnostic
position, select a mode for an output ultrasonic image, select
a reference imaging, etc., through the input unit 700. The
command may be performed by selecting one of user inter-
faces displayed on the display unit 600.
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[0051] The input unit 700 may receive changing geometry
information from the user, wherein the changing geometry
information may be changing zoom, inversing, reversing,
rotating, or changing focus of an ultrasound image. To match
a reference image with a diagnostic imaging, the reference
image displayed on a third section of the display unit 600,
which is described later, may be changed zoom thereof,
inversed, reversed, rotated or changed focus thereof accord-
ing to the changing geometry information input by the user.
[0052] The target part may be referred to as a part of an
object related to image signals currently receiving, and may
include all organs, e.g., a heart, a brain, a breast, which are
examined by the ultrasound imaging apparatus. By inputting
a part to be examined in advance, the user may easily obtain
information related to a diagnostic imaging such as a refer-
ence image corresponding to the diagnostic imaging.

[0053] The diagnostic position may be information about
the target part of the object is examined from where, which is
input by the user through the input unit 700. For example,
through the input unit 700, the user may input whether a heart
is examined from an esophagus or from ribs. Particularly,
when examining a brain, a diagnostic position may be Mid-
Sagittal plane, Trans-ventricular plane, Trans-thalamic plane,
and Trans-cerebellar plane, and when examining a heart, a
diagnostic position may be Four-chamber view, Five chamber
view, three vessel view (3VT), Right ventricular outflow tract
(RVOT), Left ventricular outflow tract, (LVOT), Bicaval
View, Aortic Arch, Ductal Arch, Short Axis View, and Long
Axis view.

[0054] Modes for an ultrasound imaging may include an
Amplitude mode (A-mode), a Brightness mode (B-mode), a
Doppler mode (D-mode), an Elastography mode (E-mode), a
Motion mode (M-mode), etc,.

[0055] A reference image may be a reference for a target
part of an object and a diagnostic position, and the user may
guess where are the target part and the diagnostic position on
the basis of the reference image. The reference image may be
a cross-sectional view of a three dimensional volume image
of the target part, which is described later with reference with
FIG. 5. At least one reference images may be provided to the
user through the display unit 600, and the user may select one
reference image through the input unit 700. The selected
reference image may be synchronized with the diagnostic
imaging.

[0056] Commands input through the input unit 700 may be
transmitted to the main body 300 through wired/wireless
communication.

[0057] The user as used herein may be a medical person
who performs diagnosis with the ultrasound imaging appara-
tus 100, including a doctor, a radiographer, a nurse, etc., but is
not limited thereto and thus may be anyone who uses the
ultrasound imaging apparatus 100.

[0058] The input unit 700 may include at least one of a
keyboard, mouse, trackball, touch screen, foot switch, and
foot pedal, but is not limited thereto.

[0059] The input unit 700 may be provided on an upper
portion of the main body 300 as shown in FIG. 1, or may be
provided on a lower portion of the main body 300 when the
input unit 700 is implemented with a foot switch or a foot
pedal.

[0060] If the input unit 700 is implemented in a Graphical
User Interface (GUI), i.e., in software like a touch screen, the
input unit 700 may be displayed on the display unit 600,
which will be described later.
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[0061] At least one ultrasound probe holders may be pro-
vided on around the input unit 700 to hold the ultrasound
probe 200. Therefore, the user may keep the ultrasound probe
200 in the ultrasound probe holder while the ultrasound imag-
ing apparatus 100 is not used.

[0062] The display unit 600 displays an image obtained in
an ultrasonic diagnostic process. The display unit 600 dis-
plays the image according to a mode selected by the user. If no
mode is selected, the image may be displayed in a default
mode set by the user in advance, e.g., B mode.

[0063] Particularly, the displayunit 600 may display a diag-
nostic imaging on a first section, and display an image indi-
cator showing a target part of the object on a second section.
The display unit 600 may display at least one reference
images similar to the diagnostic imaging on a third section.
[0064] The first section may be a section for displaying the
diagnostic imaging of the object being diagnosed currently,
and other images may be displayed according to ultrasound
imaging modes, the type of ultrasound probe. The diagnostic
imaging may include a three-dimensional (3D) image.
[0065] The second section may be a section for displaying
an image indicator for indicating the target part. For example,
an organ imaging virtually formed and a beam direction
marker showing a direction of an ultrasound probe beam may
be displayed. A target part may be directly displayed to the
user, which is will be described later with reference with
FIGS. 6 and 7.

[0066] The third section may be a section for displaying at
least one reference imaging, which is determined to be similar
to the diagnostic imaging. The user may select a single ref-
erence imaging among the displayed reference imaging
through the input unit 700.

[0067] The user may input a change signal for a reference
imaging through the input unit 700. The change signal for a
reference imaging may allow a control unit 400 to change a
reference imaging determined to be most similar to the diag-
nostic imaging or a reference imaging selected by the user to
another reference imaging. Therefore, the control unit 400
may synchronize a changed reference imaging according to
the signal for changing. The change signal may serve as a
revise signal and input by the user even after the synchroni-
zation. The changed reference imaging may be the second
most similar reference imaging next to the most similar ref-
erence imaging, or a reference imaging selected by the user.
[0068] Thedisplay unit 600 may be mounted by coupling to
the main body 300. However, the display unit 600 may be
separated from the main body 300. Although not illustrated in
FIG. 1, a sub display for displaying an application (e.g.,
menus and guidance needed for ultrasonic diagnosis) related
to operations of the ultrasound imaging apparatus 100 may be
provided.

[0069] The display unit 600 may employ a Liquid Crystal
Display (LCD), a Light Emitting Diodes (LED), an Organic
Light Emitting Diodes (OLED), an Active Matrix Organic
Light Emitting Diodes (AMOLED), a flexible display, a three
dimensional 3D display (3D) and a touch screen having a
display function and an input function.

[0070] FIG. 2 is a control block diagram illustrating the
ultrasound imaging apparatus according to an embodiment of
the present disclosure, and FIGS. 3 and 4 are views illustrat-
ing a control operation by a controlling unit.

[0071] Referring to FIG. 2, the ultrasound imaging appara-
tus 100 may image an inside or an outside of an object by the
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ultrasound probe 200, a beamformer 350, a controlling unit
400, a storage unit 500, the input unit 700, and the display unit
600.

[0072] The ultrasound probe 200 may include at least one
transducer T to transmit ultrasounds to an object, receive echo
ultrasounds reflected from the object, and perform transfor-
mation between electric signals and ultrasounds.

[0073] Particularly, when the ultrasound probe 200 is sup-
plied with power from an external power supply or an internal
electricity storage device, e.g., battery, the transducers gen-
erate ultrasounds while vibrating due to the applied current
and irradiate the ultrasounds to an external object. Each trans-
ducer receives an echo ultrasound reflected and returned from
the object, and generates a current while vibrating due to the
echo ultrasound, the current having a frequency correspond-
ing to the vibration frequency.

[0074] The transducer T may be a Magnetostrictive Ultra-
sound Transducer (MUT) that uses magnetostrictive effects
of a magnetic substance, a Capacitive Micromachined Ultra-
sonic Transducer (¢MUT) that uses vibration of hundreds or
thousands of microfabricated thin films, or a Piezoelectric
Ultrasonic Transducer (PUT) that uses piezoelectric effects
of a piezoelectric substance.

[0075] Thetransducers T may be linear array, convex array,
phased array, sector array transducers, etc., which may be
arranged in a form of a row or a matrix. When the transducers
T are arranged in a row, they may be swung in the elevation
direction to obtain multiple ultrasonic images; and when they
are arranged in a form of a matrix, multiple ultrasonic images
may be obtained only with a single transmission of ultra-
sounds.

[0076] However, the transducers are not limited thereto, but
may be implemented with any other types of transducers
known to skilled people in the art.

[0077] Although not shown, the ultrasound probe 200 may
further include a detecting unit (not shown), and the detecting
unit may be disposed in the case of the ultrasound probe 200.
The detecting unit may generate information about position
and location of the ultrasound probe 200 by detecting a posi-
tion and a location of the ultrasound probe 200. The detecting
unit may employ an angular velocity sensor, a magnetic sen-
sor, an acceleration sensor, a gravity sensor, and a gyro sensor,
but is not limited thereto. That is, the detecting unit may
employ any kind of sensor capable of detecting a second or a
three dimensional position and location of the ultrasound
probe 200.

[0078] The beamformer 350 may include a transmit beam-
former 360 and a receive beamformer 370 to perform trans-
formation between analog and digital signals and to adjust
time differences of ultrasounds transmitted by or received
from the at least one transducers T.

[0079] Ultrasounds adjusted time differences may be
focused as a receive signal (S), and the focused receive signal
(S) may be supplied to the controlling unit 400. As mentioned
above, the signal supplied to the controlling unit 400 may be
defined as an imaging signal.

[0080] The storage unit 500 may store reference images
according to target parts and diagnostic location. Particularly,
the storage unit 500 may store various reference images
according to diagnostic locations based on one target part or
may store various reference images according to target parts.
In addition, the storage unit 500 may store image indicators
set up according to each reference images.
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[0081] FIG.5isaview illustrating a reference image stored
in a storage unit according to an embodiment of the present
disclosure.

[0082] A reference image may be a reference for a target
part of an object and a diagnostic position, and the user may
guess where are the target part and the diagnostic position on
the basis of the reference image. When referring to FIG. Saq,
the reference image stored in the storage unit 500 may be a
cross-sectional view of the target part and the diagnostic
position, and when referring to FIG. 55, the reference image
stored in the storage unit 500 may be across-sectional view of
a three dimensional volume image of the target part and the
diagnostic position, wherein the three dimensional volume
image may correspond to the target part and the cross-sec-
tional view may correspond to the diagnostic location. That
is, the storage unit 500 may store a cross-sectional view, such
as FIG. 5aq, a three dimensional volume image and a cross-
sectional view of a three dimensional volume image, such as
FIG. 5b.

[0083] FIGS. 6 and 7 are views illustrating an image indi-
cator displayed on a second section of a display unit.

[0084] As illustrated in FIG. 6, the image indicator may
include a target organ marker, a body axis marker, and an
ultrasound beam direction marker. The display unit 600 may
virtually display a target part by these markers.

[0085] The target organ marker may display a target part of
an object, such as a chest, a liver, an abdomen, an uterus, an
anus, etc., and may be identical to a three dimensional volume
image of a reference image. The body axis marker may dis-
play an anatomical location, such as Cranial (Cr), Caudal
(Ca), Anterior (A), Posterior (P), Right (R) and Left (L), by
using a three dimensional coordinate system. Hereinafter, the
body axis marker may be displayed by using a three dimen-
sional rectangular coordinate system, but is not limited
thereto. The body axis marker may be displayed in various
shapes. The ultrasound beam direction marker may display a
direction of an ultrasound beam. The ultrasound beam direc-
tion marker may have a square shape in a leaner ultrasound
probe, a fan shape having trapezoid shaped in a convex ultra-
sound probe or a vaginal ultrasound probe, a fan shape in a
phased array ultrasound probe, and a three-dimensional
shape of a cross-sectional beam of each ultrasound probe ina
two-dimensional matrix ultrasound probe (2D Matrix ultra-
sound probe), and may display the transmission direction of
the ultrasound beam. According to one embodiment, the
ultrasound beam direction marker may be displayed with the
body axis marker so that a vertex of a triangle in the ultra-
sound beam direction marker is to be located at an origin of a
coordinate system of the body axis marker. In addition, when
the ultrasound probe 200 is a one dimensional array ultra-
sound probe (1D), the ultrasound beam direction marker may
be displayed in two dimensions, and when the ultrasound
probe 200 is a two dimensional array ultrasound probe or a
three dimensional mechanical ultrasound probe, the ultra-
sound beam direction marker may be displayed in three
dimensional volume.

[0086] The storage unit 500 may store reference images
according to a target part and a diagnostic position in advance.
A diagnostic imaging and the stored reference image may be
subject to be compared by a comparing unit 430 of the control
unit, which is described later.

[0087] The storage unit 500 may store the image indicator
in association with the target part and the diagnostic location
of the object. For example, the storage unit 500 may store the
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image indicator including a target organ marker, a body axis
marker and an ultrasound beam direction marker, wherein the
image indicator correspond to the target part and the diagnos-
tic location of the object, as illustrated in FIG. 6. When the
target organ marker and the ultrasound beam direction marker
may be displayed in a two dimensional when using a two
dimensional coordinate system, as illustrated in FIG. 7a.
When the target organ marker and the body axis marker may
be displayed in three dimensions when using a three dimen-
sional coordinate system, as illustrated in FIG. 7. The stor-
age unit 500 may store reference images in association with
image indicators.

[0088] The storage unit 500 may include a program part
and a data part.
[0089] The program part may include Operating system

(OS) booting programs to control overall operations of the
ultrasound imaging apparatus 100. The program part may
include programs related to the operation of the control unit
400. The data part may be a place where data generated
according to the operation of the ultrasound imaging appara-
tus 100, such as the reference image and the image indicator,
is stored.

[0090] The storage unit 500 may employ volatile memory,
such as, cache memory, Read Only Memory (ROM), Pro-
grammable ROM (PROM), Erasable Programmable ROM
(EPROM), Electrically Frasable Programmable ROM (EE-
PROM) and Flash memory, nonvolatile memory, such as,
Random Access Memory (RAM), Hard Disk Drive (HDD),
or CD-ROM, but is not limited thereto.

[0091] The control unit 400 may control overall operations
of the ultrasound imaging apparatus 100. Particularly, the
control unit 400 may generate control signals to control at
least one of the transmit beamformer 360, the receive beam-
former 370, the storage unit 500, and the display unit 600 to
response commands input through the input unit 700. The
control unit 400 may generate control signals to control com-
partments to response commands received from outside
devices through wired/wireless communication.

[0092] Referring to FIGS. 3 and 4, the control unit 400 may
include an imaging generator 410, a comparing unit 420, a
synchronizing unit 430, and an image indicator generator
440.

[0093] Theimaging generator 410 may generate a diagnos-
tic imaging based on an electrical signal, hereinafter, an imag-
ing signal, received from the beamformer 350, and may allow
the display unit 600 to display the diagnostic imaging on the
first section of the display unit 600. The generated diagnostic
imaging may be an Amplitude mode (A-mode), a Brightness
mode (B-mode), a Doppler mode (D-mode), an Elastography
mode (E-mode), and a Motion mode (M-mode), but is not
limited thereto. Hereinafter, an image in Brightness mode
(B-mode) will be described as an example. The B-mode may
be a diagnosis mode in which size of echo ultrasounds
reflected from the object is converted to brightness and dis-
played. According to embodiments, diagnostic imaging may
be displayed in various modes. In addition, the diagnostic
imaging may be generated in two or three dimensional image.
Particularly, the image generator 410 may generate diagnos-
tic imaging based on focused ultrasound signal through the
receive beamformer 370.

[0094] The comparing unit 420 may compare the generated
diagnostic imaging with at least one reference image stored in
the storage unit 500. Referring to FIG. 3, the comparing unit
420 may select a reference image which is the most similar
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with a diagnostic imaging after comparing a diagnostic imag-
ing with at least one reference image (a, b, ¢) corresponding to
atarget part and a diagnostic location, both of which are input
by the user. In addition, the comparing unit 420 may auto-
matically select the most similar reference image, as illus-
trated in F1G. 3. However, the comparing unit 420 may allow
the user to select the most similar image after displaying at
least one reference image (a, ¢) determined to be the most
similar image among the reference image (a, b, ¢) corre-
sponding to the target part and the diagnostic location, as
illustrated in FIG. 4.

[0095] The synchronizing unit 430 may synchronize the
selected reference image with the diagnostic imaging, and
may set a diagnostic area of the image indicator as a reference
position and a reference location. The synchronizing may be
defined as associating the selected reference image with the
diagnostic imaging. Particularly, the synchronizing unit 430
may synchronize the selected reference image with the diag-
nostic imaging, and may set a position and a location of the
ultrasound probe 200 at synchronizing point as a reference
position and reference location of the ultrasound probe 200.
The set reference location may be a location to allow the
center of gravity of the ultrasound probe 200 to be an original
point of a coordinate system of the body axis marker, and the
set reference position may be an angle according to an orien-
tation of the ultrasound probe 200 detected by the detecting
unit. The reference position and the reference location may be
stored in the storage unit 500.

[0096] The image indicator generator 440 may generate an
image indicator displayed on the second section based on the
reference position and the reference location.

[0097] FIGS. 8 and 9 are views illustrating a diagnostic
imaging and an image according to changing a location and a
position of an ultrasound probe.

[0098] Particularly, referring to FIG. 8, when a diagnostic
imaging, as illustrated in (a), may be set as a reference posi-
tion and a reference location, the image indicator generator
440 may generate an image indicator, as illustrated in (c).
When a position and location of the ultrasound probe 200 is
changed, the diagnostic imaging may be displayed in the first
section, as illustrated in (b) and the image indicator generator
440 may generate an image indicator, as illustrated in (d),
according to a relative position and a relative location of the
ultrasound probe 200 based on the reference position and the
reference location. That is, an image indicator may be moved
according to a relative position and a relative location based
on the reference position and the reference location of the
ultrasound probe 200.

[0099] The relative position and the relative location based
on the reference position and the reference location of the
ultrasound probe 200 may be detected by a sensor of the
detecting unit of the ultrasound probe 200, and a relative
position and a relative location estimated from a diagnostic
imaging, as illustrated in FIG. 9.

[0100] The image indicator generator 440 may generate an
image indicator in a way that the beam direction marker is
displayed in the body marker coordinate system, as illustrated
in FIG. 8, in a way that a direction of the target organ marker
may be changed, as illustrated in (a, b) of FIG. 9, or in a way
that a point of the beam direction marker is changed, as
illustrated in (¢, d) of FIG. 9, but is not limited thereto. The
image indicator may be displayed in various ways capable of
showing a position and location of an ultrasound probe.
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[0101] The control unit 400 may include a processor, a
ROM in which control programs are stored, and a RAM in
which signals or data input from the outside are stored or
which is used as a storage area to correspond to various
operations

[0102] The control unit 400 may control overall operations
of the ultrasound imaging apparatus 100 and a flow of signal
between compartments disposed inside the ultrasound imag-
ing apparatus 100, and may process data. The control unit 400
may control power supplied to the internal compartments.
[0103] When conditions input by the user or stored in
advance are met, the control unit 400 may perform Operation
System (OS) and various applications. Operations of the con-
trol unit 400 may be performed by being programed by the
storage unit 500. The description about the storage unit 500 is
mentioned above, so it is omitted.

[0104] The processor may be realized in a shape of System
on Chip (SoC) including core and GPU. The processor may
include a single core, a dual core, a triple core, a quad core and
various multiple cores. The control unit 400 may include a
graphic processing board which is a circuit board electrically
connected includes a processor, and RAM or ROM. The
process, a ROM, and RAM may be connected to each other
through an internal bus. The control unit 400 may be referred
as a compartment including a processor,a ROM, anda RAM.
The control unit 400 may be referred as a compartment
including a processor, a ROM, a RAM, and a processing
board.

[0105] FIG. 10 is a flow chart illustrating a control method
of an ultrasound imaging apparatus according to another
embodiment of the present disclosure.

[0106] The ultrasound imaging apparatus 100 may irradi-
ate ultrasounds to the object, detect reflected signals from the
object, and then obtain imaging signals (S1110).

[0107] The reflected signals may be ultrasound signals
received from the transducer, and may be changed to elec-
tronic signals by the beamformer. The electrical signals may
be input to the control unit as imaging signals and then may be
displayed on the first section of the display unit as a diagnostic
imaging (S1120).

[0108] The diagnostic imaging and a reference image may
be synchronized (S1130), and during the synchronization, the
diagnostic imaging may be compared with at least one refer-
ence images stored in the storage unit, and then the most
similar reference image to the diagnostic imaging, which is
identical to the diagnostic imaging, may be selected. In this
case, the selection of the reference image may be performed
by estimating by ultrasound imaging apparatuses, or by
selecting a single reference image through the input unit by
displaying at least one reference images on the display unit.
[0109] A reference image may be a reference for a target
part of an object and a diagnostic position, and the user may
guess where are the target part and the diagnostic position on
the basis of the reference image. The reference image may be
a cross-sectional view of a three dimensional volume image
of the target part or may be stored to correspond to the target
part and the diagnostic location of the object.

[0110] The synchronization may represent associating the
selected reference image with the diagnostic imaging.
[0111]  After the synchronization of the selected reference
image and the diagnostic imaging, a position and location of
the ultrasound probe at a time of the synchronization may be
set as the reference position and location of the ultrasound
probe. The set reference position may allow the center of
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gravity of the ultrasound probeto be an origin ofthe body axis
marker coordinate system, the reference position may be an
angle according an orientation of the ultrasound probe
detected by the detecting unit, and then the image indicator
may be displayed on the second section of the display unit
(51140). At this time, the ultrasound beam direction marker
may be displayed together with the body axis marker to allow
a start point of an ultrasound to be placed on the origin of the
body axis marker coordinate system. The beam direction
marker and the body axis marker, which is information to
virtually display the diagnostic area in the second section,
may be displayed together with the target organ marker dis-
playing the target part of the objet in two dimensions or three
dimensions.

[0112] When the target part of the object is changed accord-
ing to the movement of the ultrasound probe (S1150), the
diagnostic imaging displayed on the first section may be
changed. Accordingly, the image indicator may be moved
(51160). In this case, the position and the location of the
ultrasound probe may be determined based on a detected
signal by the detecting unit provided in the ultrasound probe
and may be determined based on the changed diagnostic
imaging of the object. Particularly, when the position and the
location of the ultrasound probe are detected by an angular
velocity sensor, a magnetic sensor, an acceleration sensor, a
gravity sensor, and a gyro sensor, all of which are provided in
the ultrasound probe, the image indicator may be changed
from the reference position and the relative location to a
relative position and a relative location. In addition, as men-
tioned above, the reference image, which is the most similar
to the changed diagnostic imaging, may be selected, and the
ultrasound imaging apparatus may estimate the relative posi-
tion and the relative location based on the relation between
reference information about the reference image of the
changed diagnostic imaging and a preset reference position
and location, and accordingly the image indicator may be
moved. According to one exemplary embodiment of the
movement of the image indicator, a beam direction of the
beam direction marker may be changed.

[0113] Asis apparent from the above description, the ultra-
sound imaging apparatus and a control method thereof may
provide an accurate position and direction of the ultrasound
probe diagnosing the object to the user by using the image
indicator.

[0114] Without requiring the user’s judgment, a target part
virtually displayed is synchronized with a reference image so
that the convenience may be provided to the user.

[0115] By matching the target organ marker configured to
display the target part of the object, the body axis marker
configured to display the diagnostic position of the object,
and the beam direction marker configure to display a direction
of an ultrasound probe beam received from the ultrasound
probe with the target part currently examined by the user, the
user may intuitively and accurately recognize the position of
the ultrasound probe.

[0116] According to embodiments of the present disclo-
sure, some components provided in the ultrasound imaging
apparatus 100 may be implemented as modules. Here, the
term “module” may represent a software element or a hard-
ware element, such as a Field Programmable Gate Array
(FPGA)or an Application Specific Integrated Circuit (ASIC),
and the module may perform a predetermined role. However,
the module is not limited to software or hardware. Further, the
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module may be constructed to exist in an addressable storage
module, or to play one or more processors.
[0117] The module may include elements (e.g., software
elements, object-oriented software elements, class elements
and task elements), processors, functions, properties, proce-
dures, subroutines, segments of a program code, drivers,
firmware, a microcode, a circuit, data, a database, data struc-
tures, tables, arrays, and variables. Herein, functions pro-
vided by components and modules may be provided by a
smaller number of combined larger components and mod-
ules, or by a larger number of divided smaller components
and modules. In addition, the components and modules may
be realized to operate one or more CPUs in a device.
[0118] The ultrasound imaging apparatus 100 and the con-
trol method thereof may be implemented as a computer code
on a computer readable recording medium. The computer
readable recording medium may include various kinds of
recording medium stored data decrypted by the computer
system. For example, there may be a Read Only Memory
(ROM), a Random Access Memory (RAM), a magnetic tape,
a magnetic disk, a flash memory. and an optical data storage
device. In addition, the medium may be distributed to com-
puter systems over a network, in which computer-readable
code may be stored and executed in a distributed manner.
[0119] Although a few embodiments of the present disclo-
sure have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in these
embodiments without departing from the principles and spirit
of the disclosure, the scope of which is defined in the claims
and their equivalents.
What is claimed is:
1. An ultrasound imaging apparatus comprising:
a receiving unit receiving an imaging signal of an object;
a display unit displaying a diagnostic imaging on a first
section based on the imaging signal, and displaying an
image indicator indicating a target part of the object ona
second section; and
a controlling unit synchronizing the diagnostic imaging
with a reference image corresponding to the diagnostic
imaging.
2. The ultrasound imaging apparatus of claim 1, wherein
the display unit displays at least one reference images
similar to the diagnostic imaging on a third section, the
ultrasound imaging apparatus further comprises an
input unit receiving a selection of one reference image
among the at least one reference images from users, and
the control unit synchronizes the diagnostic imaging
with the selected reference image.
3. The ultrasound imaging apparatus of claim 1, wherein
the image indicator comprises a target organ marker of the
object.
4. The ultrasound imaging apparatus of claim 1, wherein
the image indicator comprises a beam direction marker
indicating a direction of a ultrasound probe beam.
5. The ultrasound imaging apparatus of claim 1, wherein
the image indicator comprises a beam direction marker in
two dimensions or in three dimensions according to
types of image signals.
6. The ultrasound imaging apparatus of claim 1, wherein
the image indicator further comprises a body axis marker
indicating an anatomical location of the object.
7. The ultrasound imaging apparatus of claim 1, further
comprising:
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an input unit receiving user requests including a selection
of a target part and a diagnostic location from users,
wherein the display unit further displays a different tar-
get organ marker on the second section according to the
selection of the target part and the diagnostic location.

8. The ultrasound imaging apparatus of claim 1, wherein

the reference image comprises a cross-sectional image
according to a diagnostic mode of a three dimensional
volume image.

9. The ultrasound imaging apparatus of claim 1, further

comprising:

a storage unit storing the reference images according to
target parts and diagnostic locations of an object, and an
input unit receiving a selection of the target part and the
diagnostic location from the user.

10. The ultrasound imaging apparatus of claim 1, wherein

the control unit sets the image indicator as at least one of a
reference position and a reference location when the
diagnostic imaging is synchronized with the reference
image.

11. The ultrasound imaging apparatus of claim 10, wherein

the receiving unit receives signals of a relative position and
a relative location of the ultrasound probe based on the
reference position and the reference location, and the
control unit moves the image indicator according to the
relative position and the relative location.

12. The ultrasound imaging apparatus of claim 10, wherein

the receiving unit receives a first image signal and a second
image signal of the object, the display unit displays a
first diagnostic imaging based on the first image signal
and a second diagnostic imaging based on the second
image signal on the first section, and the control umt
moves the image indicator according to a relative posi-
tion and a relative location of the second diagnostic
imaging based on the first diagnostic imaging.

13. The ultrasound imaging apparatus of claim 3, wherein

the display unit displays the target part on the second
section by moving the target organ marker.

14. The ultrasound imaging apparatus of claim 1, further

comprising:

an ultrasound probe transmitting an ultrasound to the
object, receiving an echo ultrasound reflected from the
object, and transforming the echo ultrasound to an elec-
trical signal, wherein the display unit displays a target
part of the object on a first section based on the electrical
signal.

15. The ultrasound imaging apparatus of claim 14, wherein

the ultrasound probe comprises a detecting unit, wherein
the detecting unit detects a relative position and a rela-
tive location of the ultrasound probe based on a refer-
ence position and a reference location, and the control-
ling unit moves the image indicator according to the
relative position and the relative location.

16. The ultrasound imaging apparatus of claim 15, wherein

the detecting unit comprises at least one of an angular
velocity sensor, a magnetic sensor, an acceleration sen-
sor, a gravity sensor, and a gyro sensor.

17. The ultrasound imaging apparatus of claim 1, further

comprising:

a storage unit storing at least one reference image.

18. The ultrasound imaging apparatus of claim 1, further

comprising
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an input unit receiving a change signal for changing the
reference image from users, wherein the controlling unit
synchronizes the changed reference image based on the
change signal.

19. a controlling method of an ultrasound imaging appara-

tus comprising:

receiving an image signal of an object;

displaying a diagnostic imaging on a first section based on
the image signal,

synchronizing the diagnostic imaging with a reference
image corresponding to the diagnostic imaging; and

displaying an image indicator indicating a target part of the
object on a second section.

20. The method of claim 19, further comprising:

displaying at least one reference images similar to the
diagnostic imaging on a third section before the syn-
chronizing; and

receiving a selection of one reference image among the at
least one reference imams from the user, wherein the
synchronizing is that the selected reference image by the
user is synchronized with the diagnostic imaging.

I I T T
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