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(57)  An ultrasound diagnostic apparatus and an op-
erating method thereof are disclosed. The operating
method includes setting a region of interest (ROI) intend-
ed to be enlarged in an ultrasound image of an object,
acquiring ultrasound data corresponding to a candidate
region including the ROI, and generating a candidate im-
age corresponding to the candidate region. The candi-
date region may have a larger area than that of the ROI.
Shaking of the ultrasound probe is detected by detecting
motion of at least one reference pixel in the ultrasound
image and/or by sensors such as an acceleration sensor.
A portion of the candidate image corresponding to the
ROI is displayed, wherein the detected shaking of the
probe is corrected.
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Description
RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2014-0038750, filed on April
1, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND
1. Field

[0002] One or more embodiments of the present in-
vention relate to an ultrasound diagnostic apparatus and
a method of operating the same, and more particularly,
to an ultrasound diagnostic apparatus and a method of
operating the same to correct shaking of an ultrasound
image caused by hand shaking.

2. Description of the Related Art

[0003] Ultrasound diagnostic apparatuses irradiate an
ultrasound signal, generated from a transducer of a
probe, onto an object and receive information of an echo
signal reflected from the object, thereby obtaining an im-
age of an internal part of the object. In particular, ultra-
sound diagnostic apparatuses are used for the medical
purpose of observing the inside of an object, detecting a
foreign material, and assessing an injury. Ultrasound di-
agnostic apparatuses have stabilities higher than those
of diagnostic apparatuses using X-rays, display animage
in real time, and are safe because there is no exposure
to radioactivity, and thus may be widely used along with
other image diagnostic apparatuses.

[0004] Ultrasound diagnostic apparatuses may pro-
vide a brightness (B) mode in which a reflection coeffi-
cient of an ultrasound signal reflected from an object is
shown as a two-dimensional (2D) image, a Doppler mode
image in which an image of a moving object (particularly,
blood flow) is shown by using the Doppler effect, and an
elastic mode image in which a reaction difference be-
tween when compression is applied to an object and
when compression is not applied to the object is ex-
pressed as an image.

SUMMARY

[0005] One or more embodiments of the present in-
vention include an ultrasound diagnostic apparatus and
a method of operating the same to correct -shaking of a
displayed ultrasound image caused by an undesired mo-
tion of a probe such as shaking of a user’s hand.
[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.
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[0007] According to one or more embodiments of the
present invention, a method of operating an ultrasound
diagnostic apparatus includes: setting a region of interest
(ROI) intended to be enlarged in an ultrasound image of
an object; acquiring ultrasound data corresponding to a
candidate region including the ROI; generating a candi-
date image corresponding to the candidate region, based
on the acquired ultrasound data; detecting shaking of a
probe; and displaying a portion of a candidate image cor-
responding to the ROI, based on the detected shaking
of the probe.

[0008] The candidate region may have a larger area
than an area of the ROI, and the area of the candidate
region may be proportional to a magnification degree of
the ROl intended to be enlarged.

[0009] The detecting of the shaking may include de-
tecting a motion of at least one reference pixel included
in the ROl among a plurality of pixels included in the
candidate image.

[0010] The detecting of the shaking may include cal-
culating a motion vector indicating the motion of the at
least one reference pixel, and the displaying of the some
images may include moving the set ROl in the same di-
rection as a direction of the motion vector, and displaying
the portion of the candidate image corresponding to the
moved ROI among the plurality of candidate images.
[0011] The detecting of the shaking may include cal-
culating a motion of the probe to determine whether the
motion of the probe corresponds to a certain frequency
band.

[0012] The detecting of the shaking may include sens-
ing the shaking of the probe by using a sensor.

[0013] The displaying of the portion of the candidate
image may include moving the set ROl in a direction op-
posite to the sensing value to display some images cor-
responding to the moved ROl among the plurality of can-
didate images.

[0014] The method may further include displaying the
detected shaking of the probe.

[0015] According to one or more embodiments of the
presentinvention, an ultrasound diagnostic apparatus in-
cludes: an ROI setting unit that sets a region of interest
(ROI) intended to be enlarged in an ultrasound image of
an object; a data acquiring unit that acquires ultrasound
data corresponding to a candidate region including the
ROI; animage generating unitthat generates a candidate
image corresponding to the candidate region, based on
the acquired ultrasound data; a shaking detecting unit
that detects shaking of a probe; and a display unit that
displays a portion of a candidate image corresponding
to the ROI, based on the detected shaking of the probe.
[0016] The candidate region may have a larger area
than an area of the ROI, and the area of the candidate
region may be proportional to a magnification degree of
the ROI intended to be enlarged.

[0017] The shaking detecting unit may detect a motion
of at least one reference pixel included in the ROl among
a plurality of pixels included in the candidate image.
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[0018] The shaking detecting unit may calculate a mo-
tion vector indicating the motion of the at least one ref-
erence pixel, and the display unit may move the set ROI
in the same direction as a direction of the motion vector,
and display the portion of the candidate image corre-
sponding to the moved ROI among the plurality of can-
didate images.

[0019] The shaking detecting unit may calculate a mo-
tion of the probe to determine whether the motion of the
probe corresponds to a certain frequency band.

[0020] The shaking detecting unit may sense the shak-
ing of the probe by using a sensor.

[0021] The display unit may move the set ROl in a di-
rection opposite to the sensing value to display the por-
tion of the candidate image corresponding to the moved
ROI among the plurality of candidate images.

[0022] The display unit may display the detected shak-
ing of the probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to
an embodiment of the present invention;

FIG. 2 is a block diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to
an embodiment of the present invention;

FIG. 3is aflowchartillustrating a method of operating
an ultrasound diagnostic apparatus, according to an
embodiment of the present invention; and

FIGS. 4 to 8 are diagrams referred to for describing
an operating method of FIG. 3.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description. Expressions such as "at
least one of," when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list.

[0025] Al terms including descriptive or technical
terms which are used herein should be construed as hav-
ing meanings that are obvious to one of ordinary skill in
the art. However, the terms may have different meanings
according to an intention of one of ordinary skill in the
art, precedent cases, or the appearance of new technol-
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ogies. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the invention. Thus, the terms used herein
have to be defined based on the meaning of the terms
together with the description throughout the specifica-
tion.

[0026] Also, when a part "includes" or "comprises" an
element, unless there is a particular description contrary
thereto, the part may further include other elements, not
excluding the other elements. Moreover, each of terms
such as "...unit" and "module" described in specification
denotes an element for performing at least one function
or operation, and may be implemented in hardware, soft-
ware or a combination of hardware and software.
[0027] The term "ultrasound image" used herein de-
notes an image of an object acquired by using an ultra-
sound wave. Also, the term "object" used herein may
include a person, an animal, a part of the person, or a
part of the animal. For example, an object may include
anorgansuchasaliver, aheart,awomb, abrain, breasts,
an abdomen, or the like, or a blood vessel. Also, the term
"object" may include a phantom. The phantom denotes
a material having a volume, density, and effective atomic
number similar to those of an organism, and may include
a spherical phantom having a characteristic similar to a
physical body.

[0028] Moreover, the ultrasound image may be of var-
ious types. For example, the ultrasound image may be
atleastone of anamplitude (A) mode image, a brightness
(B) mode image, a color (C) mode image, and a Doppler
(D) mode image. Also, according to an embodiment of
the present invention, the ultrasound image may be a
two-dimensional (2D) image or a three-dimensional (3D)
image.

[0029] Moreover,the term"user" used herein is a med-
ical expert, and may be a medical doctor, a nurse, a med-
ical technologist, a medical image expert, or the like, or
may be an engineer who repairs a medical apparatus.
However, the user is not limited thereto.

[0030] The present invention will now be described
more fully with reference to the accompanying drawings,
in which exemplary embodiments of the invention are
shown. The invention 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 complete, and will fully convey the
concept of the invention to those of ordinary skill in the
art. In the following description, well-known functions or
constructions are not described in detail since they would
obscure the invention with unnecessary detail. Through-
out the specification, like reference numerals in the draw-
ings denote like elements.

[0031] FIG. 1 is a block diagram illustrating a configu-
ration of an ultrasound diagnostic apparatus 100 accord-
ing to an embodiment of the present invention. Referring
to FIG. 1, the ultrasound diagnostic apparatus 100 ac-
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cording to an embodiment of the present invention in-
cludes a probe 20, an ultrasound transceiver 115, an
image processor 150, a communicator 170, a memory
180, a user input unit 190, and a controller 195. The
above-described elements may be connected to each
other through a bus 185. Also, the image processor 150
may include a data processing unit 140, a shaking de-
tecting unit 130, an image generating unit 155, and a
display unit 160.

[0032] The probe 20 transmits ultrasound waves to an
object 10 based on a driving signal applied by the ultra-
sound transceiver 115 and receives echo signals reflect-
ed by the object 10. The probe 20 includes a plurality of
transducers, and the plurality of transducers oscillate
based on electric signals transmitted thereto and gener-
ate acoustic energy, that is, ultrasound waves. Further-
more, the probe 20 may be connected to the main body
of the ultrasound diagnostic apparatus 100 in a wire or
wireless manner. According to embodiments of the
present invention, the ultrasound diagnostic apparatus
100 may include a plurality of probes 20.

[0033] Atransmissionunit 110 supplies adriving signal
to the probe 20 and includes a pulse generating unit 112,
a transmission delaying unit 114, and a pulser 116. The
pulse generating unit 112 generates pulses for forming
ultrasound waves based on a predetermined pulse rep-
etition frequency (PRF), and the transmission delaying
unit 114 applies a delay time to the pulses for determining
atransmission directionality. Pulses to which adelay time
is applied correspond to a plurality of piezoelectric vibra-
tors included in the probe 20, respectively. The pulser
116 applies a driving signal (or a driving pulse) to the
probe 20 as a timing corresponding to each pulse to
which a delay time is applied.

[0034] A reception unit 120 generates ultrasound data
by processing echo signals received from the probe 20
and may include an amplifier 122, an analog-digital con-
verter (ADC) 124, a reception delaying unit 126, and a
summing unit 128. The amplifier 122 amplifies echo sig-
nals in each channel, and the ADC 124 analog-to-digital
converts the amplified echo signals. The reception de-
laying unit 126 applies delay times for determining re-
ception directionality to the digital-converted echo sig-
nals, and the summing unit 128 generates ultrasound
data by summing the echo signals processed by the re-
ception delaying unit 126.

[0035] The image processor 150 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 115 and displays the
ultrasound image.

[0036] An ultrasound image may be not only a gray-
scale ultrasound image obtained by scanning an object
in an amplitude (A) mode, a brightness (B) mode, and a
motion (M) mode, but also a blood flow Doppler image
showing flow of blood (also referred to as a color Doppler
image), a tissue Doppler image showing motion of tis-
sues, and a spectral Doppler image showing moving
speed of an object as a waveform.
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[0037] A B mode processor 141 extracts B mode com-
ponents from ultrasound data and processes the B mode
components. An image generating unit 155 may gener-
ate an ultrasound image indicating signal intensities as
brightness based on the extracted B mode components.
[0038] Similarly, a Doppler processor 142 may extract
Doppler components from ultrasound data, and the im-
age generating unit 155 may generate a Doppler image
indicating motion of an object as colors or waveforms
based on the extracted Doppler components.

[0039] The image generating unit 155 according to an
embodiment of the present invention may generate a 2D
ultrasound image via volume-rendering of volume data
and may also generate an elasticity image which visual-
izes deformation of an object 10 due to pressure. Fur-
thermore, the image generating unit 155 may display var-
ious pieces of additional information in an ultrasound im-
age by using texts and graphics. The generated ultra-
sound image may be stored in the memory 180.

[0040] The shaking detecting unit 130 may detect
shaking of the probe 20. When an ultrasound image is a
2D image, the shaking detecting unit 130 may detect a
motion of at least one reference pixel included in the ul-
trasound image to detect the shaking of the probe 20.
For example, the shaking detecting unit 130 may acquire
as coordinates position information of a reference pixel
included in aregion of interest (ROI) in a plurality of frame
images, and calculate a motion vector value of the ref-
erence pixel.

[0041] In this case, the reference pixel may be a pixel
at a boundary of the ROI, a pixel which at the center of
the ROI, or a pixel at a certain position. However, the
present embodiment is not limited thereto. The shaking
detecting unit 130 may select at least one pixel included
in the ROI by using various methods, and setthe selected
pixel to the reference pixel.

[0042] When an ultrasound image is a 3D image, the
shaking detecting unit 130 may detect a motion of a ref-
erence voxel included in an ROI to detect shaking of the
probe 20.

[0043] Moreover, the shaking detecting unit 130 may
include a sensor and detect shaking of the probe 20.
Examples of the sensor may include an acceleration sen-
sor, a gyro sensor, a proximity sensor. The acceleration
sensor is an element that converts a one-direction accel-
eration change into an electrical signal. Such a sensor
is widely used due to the advancements in micro-elec-
tromechanical system (MEMS) technology. Also, the
gyro sensor is a sensor that measures an angular speed,
and senses a direction twisted with respect to areference
direction.

[0044] The proximity sensor denotes a sensor that de-
tects an object approaching a detection surface or an
object near the detection surface by using an electro-
magnetic force or infrared light without any mechanical
contact.

[0045] Examples of the proximity sensor include a
transmissive photosensor, a directly reflective photosen-
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sor, a mirror reflective photosensor, a high frequency os-
cillation-type proximity sensor, a capacitive proximity
sensor, a magnetic proximity sensor, and an infrared
proximity sensor.

[0046] According to an embodiment of the present in-
vention, the sensor may sense a moving speed of a
probe, an angle at which the probe moves with respect
to an object, a moving range of the probe, and whether
the probe touches the object.

[0047] Thedisplay unit 160 displays the ultrasound im-
age generated by the image generating unit 155. The
display unit 160 may display various pieces of information
processed by the ultrasound diagnostic apparatus 100,
in addition to the ultrasound image, on a screen through
a graphics user interface (GUI). The ultrasound diagnos-
tic apparatus 100 may include two or more display units
160 depending on an implementation type.

[0048] The display unit 160 includes at least one of a
liquid crystal display (LCD), a thin film transistor-liquid
crystal display (TFT-LCD), an organic light-emitting di-
ode (OLED), a flexible display, a 3D display, and an elec-
trophoretic display.

[0049] Moreover, when the display unit 160 and the
user input unit 190 are implemented as a touch screen
having a layer structure, the display unit 160 may be used
as an input unit that enables information to be input by a
user’s touch, in addition to an output unit.

[0050] The touch screen may be configured to detect
atouch pressure in addition to a touch input position and
atouched area. Also, the touch screen may be configured
to detect a proximity touch as well as a real touch.
[0051] Herein, the term "real touch" denotes a case in
which a pointer really touches a screen, and the term
"proximity touch" denotes a case in which the pointer
does not actually touch the screen but approaches the
screen by a certain distance. A pointer used herein de-
notes a touch instrument for really touching or proximity-
touching a specific portion of a displayed screen. Exam-
ples of the pointer include an electronic pen, a finger, etc.
[0052] Although not shown, the ultrasound diagnostic
apparatus 100 may include various sensors inside or
near the touch screen, for detecting a real touch or a
proximity touch on the touch screen. An example of a
sensor for sensing a touch of the touch screen is a tactile
sensor.

[0053] The communicator 170 is connected to a net-
work 30 in a wired or wireless manner to communicate
with an external device or server. The communicator 170
may exchange data with a hospital server or a medical
apparatus of a hospital which is connected thereto
through a medical image information system (a PACS).
Also, the communicator 170 may perform data commu-
nication according to the digital imaging and communi-
cations in medicine (DICOM) standard.

[0054] The communicator 170 may transmit and re-
ceive data, such as an ultrasound image, ultrasound da-
ta, Doppler data, etc. of an object, associated with a di-
agnosis of the object over the network 30, and may also
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transmit and receive a medical image captured by a med-
ical apparatus such as a computed tomography (CT) ap-
paratus, a magnetic resonance imaging (MRI) appara-
tus, or an X-ray apparatus. Furthermore, the communi-
cator 170 may receive information on a diagnosis history
or treatment schedule of a patient from a server, and use
a diagnosis of an object. In addition, the communicator
170 may perform data communication with a portable
terminal of a doctor or a patient, in addition to a server
or medical apparatus of a hospital.

[0055] The communicator 170 may be connected to
the network 30 in a wired or wireless manner, and may
exchange data with a server 32, a medical apparatus 34,
or a portable terminal 36. The communicator 170 may
include one or more elements thatenable communication
with an external device, and for example, include a short-
distance communication module 171, a wired communi-
cation module 172, and a mobile communication module
173.

[0056] The short-distance communication module 171
denotes a module for short-distance communication
within a certain distance. Short-distance communication
technology, according to an embodiment of the present
invention, may include wireless LAN, Wi-Fi, Bluetooth,
Zigbee, Wi-Fi direct (WFD), ultra wideband (UWB), in-
frared data association (IrDA), Bluetooth low energy
(BLE), and near field communication (NFC), but the
short-distance communication technology is not limited
thereto.

[0057] The wired communication module 172 denotes
a module for communication using an electrical signal or
an optical signal. Wired communication technology ac-
cording to an embodiment may include a pair cable, a
coaxial cable, an opticalfiber cable, or an Ethernet cable.
[0058] The mobile communication module 173 trans-
mits and receives a radio frequency (RF) signal to and
from a base station, an external terminal, and a server
over a mobile communication network. The RF signal
may include various types of data based on transmission
and reception of a voice call signal, a video call signal,
or a letter/multimedia message.

[0059] The memory 180 stores various pieces of infor-
mation processed by the ultrasound diagnostic appara-
tus 100. Forexample, the memory 180 may store medical
data, such as input/output ultrasound data and ultra-
sound images, associated with a diagnosis of an object,
and may also store an algorithm or a program which is
executed in the ultrasound diagnostic apparatus 100.
[0060] The memory 180 may be configured with vari-
ous kinds of storage mediums such as a flash memory,
a hard disk, an EEPROM, etc. Also, the ultrasound diag-
nostic apparatus 100 may operate a web storage or a
cloud server, which performs a storage function of the
memory 180 on a web.

[0061] The user input unit 190 generates input data
which is input by a user for controlling an operation of
the ultrasound diagnostic apparatus 100. The user input
unit 190 may include hardware elements such as a key-
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pad, a mouse, a touch pad, a trackball, a jog switch, but
is not limited thereto. As another example, the user input
unit 190 may further include various sensors such as an
electrocardiogram (ECG) measurement module, a
breath measurement sensor, a voice recognition sensor,
a gesture recognition sensor, a fingerprint recognition
sensor, an iris recognition sensor, a depth sensor, a dis-
tance sensor, etc.

[0062] In particular, the user input unit 190 may further
include the touch screen in which the touch pad and the
display unit 160 form the layer structure.

[0063] In this case, the ultrasound diagnostic appara-
tus 100 may display a specific mode ultrasound image
and a control panel for an ultrasound image, on the touch
screen. In addition, the ultrasound diagnostic apparatus
100 may sense a user’s touch gesture for an ultrasound
image through the touch screen.

[0064] The ultrasound diagnostic apparatus 100 ac-
cording to an embodiment of the present invention may
physically include some buttons, frequently used by a
user, from among a plurality of buttons included in a con-
trol panel of general ultrasound diagnostic apparatuses,
and the other buttons may be provided through a type of
GUI on the touch screen.

[0065] The controller 195 controls an overall operation
of the ultrasound diagnostic apparatus 100. That is, the
controller 195 may control operations between the probe
20, the ultrasound transceiver 115, the image processor
150, the communicator 170, the memory 180, and the
user input unit 190 which are illustrated in FIG. 1.
[0066] Some or all of the probe 20, the ultrasound
transceiver 115, the image processor 150, the commu-
nicator 170, the memory 180, the user input unit 190, the
shaking detector, and the controller 195 may be operated
by a software module, but are not limited thereto. Some
of the above-described elements may be operated by a
hardware module. Also, at least some of the ultrasound
transceiver 115, the shaking detector, the image proces-
sor 150, and the communicator 170 may be included in
the controller 195, but are not limited to the implementa-
tion type.

[0067] The ultrasound diagnostic apparatus 100 ac-
cording to an embodiment of the present invention may
be implemented as a portable type as well as a card type.
Examples of the portable diagnostic apparatuses may
include picture archiving and communication system
(PACS) viewers, smartphones, laptop computers, per-
sonal digital assistants (PDAs), tablet personal comput-
ers (PCs), etc., but are not limited thereto.

[0068] FIG. 2is a block diagram illustrating a configu-
ration of an ultrasound diagnostic apparatus 200 accord-
ing to an embodiment of the present invention.

[0069] Referring to FIG. 2, the ultrasound diagnostic
apparatus 200 may include a data acquiring unit 210, an
image generating unit 220, an ROI setting unit 230, a
shaking detecting unit 240, and a display unit 250.
[0070] The ROI setting unit230 of FIG. 2 is an element
corresponding to the user input unit 190 of FIG. 1, and
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the ROI setting unit 230 may set an ROI intended to be
enlarged in an ultrasound image, based on a user input.
[0071] The ROI setting unit 230 may set an ROI. For
example, by using a mouse or a touch screen, the ROI
setting unit 230 may set the ROI on the basis of a user
input which selects the ROI. Alternatively, the ROl setting
unit 230 may set the ROI by using an eyeball mouse, a
method of measuring an eyeball position and look direc-
tion of a user, or a probe. However, the present embod-
iment is not limited thereto, and the ROI setting unit 230
may set the ROI by using various methods.

[0072] The data acquiring unit 210 of FIG. 2 is an ele-
ment corresponding to the probe 20 or ultrasound trans-
ceiver 115 of FIG. 1. The data acquiring unit 210 may
transmit an ultrasound signal to an object, receive an
echo signal reflected from the object, process the re-
ceived echo signal, and acquire ultrasound data.
[0073] According to an embodiment of the present in-
vention, the data acquiring unit 210 may acquire ultra-
sound data corresponding to a candidate region including
the set ROI.

[0074] The image generating unit 220 of FIG. 2 is an
element corresponding to the image generating unit 155
of FIG. 1, and may generate an ultrasound image based
on the acquired ultrasound data. According to an embod-
iment of the present invention, the image generating unit
220 may generate a candidate image corresponding to
the candidate region.

[0075] The shaking detecting unit 240 of FIG. 2 is an
element corresponding to the shaking detecting unit 130
of FIG. 1. The shaking detecting unit 240 may detect a
motion of at least one reference pixel or reference voxel
included in the ultrasound image to detect shaking of a
probe. Alternatively, the shaking detecting unit 240 may
detect the shaking of the probe by using a sensor.
[0076] Moreover, the shaking detecting unit 130 may
determine whether a sensed value, which is obtained by
sensing a motion of the reference pixel or reference voxel
or a motion of the probe, corresponds to a certain fre-
quency band. For example, the certain frequency band
may be about 5 Hz to about 15 Hz, and the shaking de-
tecting unit 130 may filter the sensing value by using a
band-pass filter of the certain frequency band to detect
the shaking of the probe.

[0077] The display unit 250 of FIG. 2 is an element
corresponding to the display unit 160 of FIG. 1. The dis-
play unit 250 may display a portion of a candidate image
corresponding to the ROl among a plurality of the gen-
erated candidate images, based on the detected shaking
of the probe.

[0078] For example, the display unit 250 may display
the portion of the candidate image, corresponding to the
ROI which is moved in the same direction as a motion
vector of the reference pixel or reference voxel, from
among the plurality of candidate images.

[0079] Alternatively, the display unit 250 may display
the portion of the candidate image, corresponding to the
ROI which is moved in a direction opposite to a shaking
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value of the probe, from among the plurality of candidate
images. Therefore, the ultrasound diagnostic apparatus
200 may correct the shaking of the probe. This will be
described below in detail with reference to FIG. 7.
[0080] The block diagram of each of the ultrasound
diagnostic apparatuses 100 and 200 of FIGS. 1 and 2 is
a block diagram according to an embodiment of the
present invention. The elements of the block diagram
may be integrated, added, or omitted depending on a
specification of an actually implemented cache memory
system. That is, depending on a specific case, two or
more elements may be integrated into one element, or
one element may be subdivided into two or more ele-
ments. Also, a function performed by each element is for
describing an embodiment of the present invention, and
each element or a detailed operation thereof does not
limit the scope and spirit of the present invention.
[0081] FIG. 3is a flowchart illustrating a method of op-
erating an ultrasound diagnostic apparatus, according to
an embodiment of the present invention. FIGS. 4 to 8 are
diagrams for describing an operating method of FIG. 3.
[0082] Referring to FIG. 3, in operation S310, the ul-
trasound diagnostic apparatus 100 (200) may set an ROI
in an ultrasound image of an object. The ROl may be
enlarged.

[0083] Referring to FIG. 4, for example, the ultrasound
diagnostic apparatus 100 (200) may display an ultra-
sound image 415 of an object in the display unit 160
(250), and may set, an ROI 410 in the ultrasound image
415 displayed by the display unit 160 (250).

[0084] Therefore, as illustrated in FIG. 4 (b), the ultra-
sound diagnostic apparatus 100 (200) may display an
enlarged image 425, in which an ultrasound image cor-
responding to a region set as an ROl is enlarged, on the
display unit 160 (250).

[0085] Moreover, the ultrasound diagnostic apparatus
100 (200) may set an ROl in an ultrasound image based
on a user input. For example, the ultrasound diagnostic
apparatus 100 (200) may receive a user input for select-
ing the ROI 410 by using a mouse or a touch screen to
set the ROI 410.

[0086] Alternatively, the ROl 410 may be set by using
an eyeball mouse, a method of measuring an eyeball
position or look direction of a user, or a probe. However,
the present embodiment is not limited thereto. The ROI
410 may be set by various methods.

[0087] The ultrasound diagnostic apparatus 100 (200)
may acquire ultrasound data corresponding to a candi-
date region including an ROl in operation S320, and gen-
erate an ultrasound image corresponding to the candi-
date region in operation S330.

[0088] For example, as illustrated in FIG. 5, a candi-
date region 430 may include the set ROI 410, and have
a larger area than that of the ROI 410. Also, when the
ultrasound image is a 3D ultrasound image, the candi-
date region 430 may include the set ROl 410 and have
a larger volume than that of the ROI 410.

[0089] Inthis case, the area or volume of the candidate
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region 430 may increase or decrease in proportion to a
magnification degree of the ROI 410. Alternatively, the
area or volume of the candidate region 430 may increase
or decrease in proportion to a degree of shaking of the
probe.

[0090] Moreover, as illustrated in FIG. 5, the candidate
region 430 may be a region which is obtained by increas-
ing the ROI 410 by the same amount in up, down, left,
right, and diagonal directions. However, the present em-
bodiment is not limited thereto. When the shaking of the
probe is large in up and down directions, the candidate
region 430 may be set so thatan increase in up and down
directions is larger than an increase in left and right di-
rections. Alternatively, when the shaking of the probe is
large in left and right directions, the candidate region 430
may be set so that the increase in left and right directions
is larger than the increase in up and down directions. In
addition, the ultrasound diagnostic apparatus 100 (200)
may set the candidate region 430 by using various meth-
ods.

[0091] The ultrasound diagnostic apparatus 100 (200)
may acquire ultrasound data corresponding to the can-
didate region 430 to generate an ultrasound image. In
this case, the ultrasound image may be an ultrasound
image obtained by enlarging an ultrasound image by a
predetermined magnification degree.

[0092] In operation S340, the ultrasound diagnostic
apparatus 100 (200) may detect the shaking of the probe.
[0093] The ultrasound diagnostic apparatus 100 (200)
may detect a motion of at least one reference pixel in-
cluded in the ROI 410 to detect the shaking of the probe.
[0094] Forexample, as illustrated in FIG. 6 (a), the ref-
erence pixel may be a pixel at a boundary region 445 of
the ROI 410 in the ultrasound image. Alternatively, as
illustrated in FIG. 6 (b), the reference pixel may be a pixel
in a central region 451 of the ROI 410, or may be a pixel
at each of up, down, left, and right boundary regions 457,
459, 453 and 455 with respect to the central region 451
of the ROI 410. However, the present embodiment is not
limited thereto, and the reference pixel may be a pixel
selected by various methods.

[0095] When the ultrasound image is a 3D image, the
ultrasound diagnostic apparatus 100 (200) may detect a
motion of at least one reference voxel included in the ROI
410 to detect the shaking of the probe, and the reference
voxel may be selected by various methods.

[0096] Moreover, the ultrasound diagnostic apparatus
100 (200) may analyze a plurality of ultrasound image
frames, calculate a motion vector of the reference pixel,
and detect the shaking of the probe.

[0097] For example, as illustrated in FIG. 7, the ultra-
sound diagnostic apparatus 100 (200) may set a refer-
ence pixel P in an object of interest (OOI), and calculate
a motion vector of the reference pixel P, based on coor-
dinates (first coordinates and relative coordinates of the
first ROl 410) of the reference pixel P before the probe
moves and coordinates (second coordinates and relative
coordinates of a second ROI 425) of the reference pixel
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P after the probe moves, thereby detecting the shaking
of the probe.

[0098] When the ultrasound image is a 3D image, the
ultrasound diagnostic apparatus 100 (200) may calculate
a motion vector of a reference voxel by using the same
method as the above-described method.

[0099] Alternatively, the ultrasound diagnostic appara-
tus 100 (200) may detect the shaking of the probe by
using a sensor. For example, the ultrasound diagnostic
apparatus 100 (200) may include sensors such as an
acceleration sensor, a gyro sensor, a proximity sensor,
a tactile sensor, and a temperature sensor. The ultra-
sound diagnostic apparatus 100 (200) may sense a mov-
ing speed of a probe, an angle at which the probe moves
with respect to an object, and a moving range of the
probe. Therefore, the ultrasound diagnostic apparatus
100 (200) may calculate a motion 510 of the probe based
on the sensed value.

[0100] Moreover, the ultrasound diagnostic apparatus
100 (200) may detect the shaking of the probe by using
a combination of a detection method based on a refer-
ence pixel and a detection method based on sensing.
[0101] The ultrasound diagnostic apparatus 100 (200)
may determine whether a motion of the probe calculated
based on the reference pixel and a motion of the probe
calculated based on a value obtained by sensing the mo-
tion of the probe correspond to a certain frequency band,
thereby detecting the shaking of the probe corresponding
to the certain frequency band. For example, the ultra-
sound diagnostic apparatus 100 (200) may detect the
shaking of the probe corresponding to the certain fre-
quency band by using a band-pass filter of the certain
frequency band. In this case, the certain frequency band
may be a frequency band which is generated by shaking
of a hand, and may be about 5 Hz to about 15 Hz.
[0102] Therefore, the ultrasound diagnostic apparatus
100 (200) may detect only a motion of the probe corre-
sponding to the certain frequency band from among cal-
culated motions of the probe, and may determine a mo-
tion of the probe which does not correspond to the certain
frequency band from among the calculated motions of
the probe as a motion when the probe is intentionally
moved by the user.

[0103] In operation S350, the ultrasound diagnostic
apparatus 100 (200) may display a portion of a candidate
image corresponding to the ROI 410 based on the de-
tected shaking of the probe. This will be described in
detail with reference to FIG. 7.

[0104] Referring to FIG. 7, as illustrated in FIG. 7 (a),
when it is desired to acquire an ultrasound image of an
OOl 25 included in an object 10, a user may dispose a
probe in an OOI region (an ROI) 410. In this case, the
probe may acquire an ultrasound image (a first candidate
image) corresponding to a first candidate region 430 in-
cluding the ROI 410, and an ultrasound image corre-
sponding to the ROI 410 from among a plurality of the
first candidate images may be enlarged and displayed
on a display unit.
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[0105] When the probe is shaken by shaking of the
user’'s hand, for example, when the probe moves (510)
in an up direction with respect to the object 10, as illus-
trated in FIG. 7 (b), the probe may acquire a second can-
didate image corresponding to a second candidate re-
gion 435. In this case, when an ultrasound image corre-
sponding to an ROI 425 from among a plurality of ultra-
sound images corresponding to the acquired second
candidateregion is displayed without correcting the shak-
ing of the hand, the OOI 25 is shown as being moved in
a downward direction in a displayed image.

[0106] Therefore, in order to correct the shaking of the
probe, as illustrated in FIG. 7 (c), the ultrasound diag-
nostic apparatus 100 (200) may move (520) the ROI 425
in a direction opposite the motion 510 of the probe in an
ultrasound image corresponding to the acquired second
candidate region 435, and display an ultrasound image
corresponding to a moved ROI 475 on the display unit.
[0107] As described above, the ultrasound diagnostic
apparatus 100 (200) may move the ROI 425 in a direction
opposite the shaking of the probe, and display the ultra-
sound image corresponding to the moved ROI 475,
thereby providing an ultrasound image in which the shak-
ing of the probe is corrected. In this case, in order to
calculate the shaking of the probe, as described above,
the ultrasound diagnostic apparatus 100 (200) may
sense a shaking value of the probe, or calculate a motion
vector of a reference pixel P.

[0108] For example, the ultrasound diagnostic appa-
ratus 100 (200) may sense a moving value 510 of the
probe, and move the ROI425 by a sensed motion amount
of the probe in a direction opposite a moving direction of
the probe.

[0109] Alternatively, the ultrasound diagnostic appara-
tus 100 (200) may set the reference pixel P in the OOI
25, and calculate a motion vector of the reference pixel
P, based on coordinates (relative coordinates of a first
ROI410) of the reference pixel P before the probe moves
and coordinates (relative coordinates of a second ROI
425) of the reference pixel P after the probe moves.
[0110] The ultrasound diagnostic apparatus 100 (200)
may move the ROl in the same direction and by the same
amount as the motion vector so that the coordinates (the
relative coordinates of the second ROI 425) of the refer-
ence pixel P after the probe moves are the same as the
coordinates (the relative coordinates of the first ROl 410)
of the reference pixel P before the probe moves. Alter-
natively, the ultrasound diagnostic apparatus 100 (200)
may display an ultrasound image so that the reference
pixel P of the OOI 25 is disposed at the coordinates (the
relative coordinates of the first ROl 410) of the reference
pixel P before the probe moves.

[0111] Therefore, asillustrated in FIG. 7 (c), evenwhen
the probe is shaken by the shaking of the hand, the OOl
25 may be displayed at the same position without being
shaken in a displayed ultrasound image.

[0112] The ultrasound diagnostic apparatus 100 (200)
may display a degree of shaking of the probe in the dis-
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play unit 160 (250). For example, the ultrasound diag-
nostic apparatus 100 (200) may display a first region 601
of the display unit 160 (250), and as illustrated in FIG. 8,
may display anicon 610 representing the degree of shak-
ing of the probe in a second region.

[0113] The ultrasound diagnostic apparatus 100 (200)
may display an icon to be shaken in left and right direc-
tions or up and down directions depending on the degree
of shaking of the probe, and may display the degree of
shaking of the probe as a numerical value. In addition,
the ultrasound diagnostic apparatus 100 (200) may dis-
play a message indicating that the degree of shaking of
the probe is large, and also may display a message 625
indicating that an ultrasound image in which the shaking
of the probe is corrected is displayed.

[0114] As described above according to the one or
more of the above embodiments of the present invention,
shaking of an ultrasound image is corrected when the
ultrasound image is enlarged.

[0115] Moreover, an ultrasound image in which unde-
sired shaking is corrected is provided, thereby increasing
a degree of accuracy of a diagnosis.

[0116] The ultrasound diagnostic apparatus and the
method of operating the same according to embodiments
of the present invention may also be embodied as com-
puter readable codes on a computer readable recording
medium. The computer readable recording medium is
any data storage device that can store data which can
be thereafter read by a computer system. Examples of
the computer readable recording medium include read-
only memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, and optical data
storage. The computer readable recording medium can
also be distributed over network coupled computer sys-
tems so that the computer readable code may be stored
and executed in a distributed fashion.

[0117] It should be understood that the exemplary em-
bodiments described herein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embod-
iment should typically be considered as available for oth-
er similar features or aspects in other embodiments.
[0118] While one or more embodiments of the present
invention have been described with reference to the fig-
ures, it will be understood by those of ordinary skill in the
artthat various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

Claims

1. A method of operating an ultrasound diagnostic ap-
paratus, the method comprising:

setting a region of interest (ROI) intended to be
enlarged in an ultrasound image of an object;
acquiring ultrasound data corresponding to a
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candidate region including the ROI;

generating a candidate image corresponding to
the candidate region, based on the acquired ul-
trasound data;

detecting shaking of a probe; and

displaying a portion of a candidate image corre-
sponding to the ROI, based on the detected
shaking of the probe.

The method of claim 1, wherein,

the candidate region has a larger area than an area
of the ROI, and

the area of the candidate region is proportional to a
magnification degree of the ROI intended to be en-
larged.

The method of claim 1, wherein the detecting of the
shaking comprises detecting a motion of atleast one
reference pixel included in the ROI from among a
plurality of pixels included in the candidate image.

The method of claim 3, wherein,

the detecting of the shaking comprises calculating a
motion vector indicating the motion of the at least
one reference pixel, and

the displaying of the portion of the one candidate
image comprises moving the set ROl in the same
direction as a direction of the motion vector, and dis-
playing the portion of the candidate image corre-
sponding to the moved ROI from among the plurality
of candidate images.

The method of claim 1, wherein the detecting of the
shaking comprises calculating a motion of the probe
to determine whether the motion of the probe corre-
sponds to a certain frequency band.

The method of claim 1, wherein the detecting of the
shaking comprises sensing the shaking of the probe
by using a sensor.

The method of claim 6, wherein the displaying of the
portion of the candidate image comprises moving
the set ROl in a direction opposite to a sensed value
to display the portion of the candidate image corre-
sponding to the moved ROI from among the plurality
of candidate images.

The method of claim 1, further comprising displaying
the detected shaking of the probe.

An ultrasound diagnostic apparatus comprising:

a ROl setting unit that sets a region of interest
(ROI) intended to be enlarged in an ultrasound
image of an object;

a data acquiring unit that acquires ultrasound
data corresponding to a candidate region includ-
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ing the ROJ;

an image generating unit that generates a can-
didate image corresponding to the candidate re-
gion, based on the acquired ultrasound data;

a shaking detecting unit that detects shaking of
a probe; and

a display unit that displays a portion of a candi-
date image corresponding to the ROI, based on
the detected shaking of the probe.

The ultrasound diagnostic apparatus of claim 9,
wherein,

the candidate region has a larger area than an area
of the ROI, and

the area of the candidate region is proportional to a
magnification degree of the ROl intended to be en-
larged.

The ultrasound diagnostic apparatus of claim 9,
wherein the shaking detecting unit detects a motion
of at least one reference pixel included in the ROI
from among a plurality of pixels included in the can-
didate image.

The ultrasound diagnostic apparatus of claim 11,
wherein,

the shaking detecting unit calculates a motion vector
indicating the motion of the at least one reference
pixel, and

the display unit moves the set ROl in the same di-
rection as a direction of the motion vector, and dis-
plays the portion of the candidate image correspond-
ing to the moved ROI from among the plurality of
candidate images.

The ultrasound diagnostic apparatus of claim 9,
wherein the shaking detecting unit calculates a mo-
tion of the probe to determine whether the motion of
the probe corresponds to a certain frequency band.

The ultrasound diagnostic apparatus of claim 9,
wherein the shaking detecting unit senses the shak-
ing of the probe by using a sensor.

The ultrasound diagnostic apparatus of claim 14,
wherein the display unit moves the set ROl in a di-
rection opposite to a sensed value to display the por-
tion of the candidate image corresponding to the
moved ROI from among the plurality of candidate
images.
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