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(7) ABSTRACT

Provided are an ultrasound system and method for providing
change information of a target object by performing image
registration on a reference image acquired before radiofre-
quency ablation (RFA) and an ultrasound image acquired
during the RFA and comparing the reference image and the
ultrasound image that have undergone the image registration
with each other.
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ULTRASOUND SYSTEM AND METHOD FOR
PROVIDING CHANGE INFORMATION OF
TARGET OBJECT

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0049427, filed on May 2, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to ultrasound systems, and more particularly, to ultra-
sound systems and methods for providing change informa-
tion of a target object that has undergone radiofrequency
ablation (RFA).

[0004] 2. Description of the Related Art

[0005] When tumors occur in a target object (e.g., the liver)
inside a living body, the tumors are typically removed by
non-surgical method or surgical treatment. Since the surgical
treatment usually removes a tumor by incising a surface of a
livingbody, the cut surface is so wide as to leave a scar thereon
and takes a long time to heal. Furthermore, the tumor is likely
to recur, and in this case the tumor has to be removed with
surgery again, thereby causing pain in a living body and
considerable economic burden and health risk.

[0006] Recently, non-surgical techniques have been com-
monly used to remove tumors. Examples of non-surgical
techniques may include transarterial chemoinfusion (TACE),
percutaneous ethanol injection (PEI), systemic chemo-
therapy, and local ablation therapy. Among these, the local
ablation therapy is known as the most effective technique for
providing short-term treatment and improving a long-term
survival rate. Some examples of the local ablation therapy are
RFA, microwave endometrial ablation (MEA), and laser
ablation. The RFA is the most effective treatment modality.
[0007] The RFA is a treatment technique that destroys only
a tumor by application of RF-generated heat without incision
to thereby cause necrosis. The RFA involves inserting a
needle-tip electrode into a tumor within a living body, sup-
plying RF from an RF generator to the needle-tip electrode,
and burning the tumor with RF-generated heat to ablate it.
[0008] A conventional technique provides information
about a progress of an RFA process by setting markers on
ultrasound images obtained before and after the RFA process
or supetimposing ultrasound images obtained before and
after the RFA process. Thus, the conventional technique has
drawbacks in that it is difficult to consistently observe the
progress of RFA from different planes and positions during
RFA and accurately observe it due to gas bubbles created
during the RFA.

SUMMARY

[0009] One or more embodiments of the present invention
include an ultrasound system and method for providing
change information of a target object by performing image
registration on a reference image acquired before radiofre-
quency ablation (RFA) and an ultrasound image acquired
during the RFA and comparing the reference image and the
ultrasound image that have undergone the image registration
with each other.
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[0010] 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 ofthe presented
embodiments.

[0011] According to one or more embodiments of the
present invention, an ultrasound system includes: a storage
unit that stores image data of a living body containing a target
object, which is acquired before undergoing RFA; an ultra-
sound probe that transmits an ultrasound signal to the living
body during the RFA and receives an ultrasound echo signal
reflected from the living body to create a reception signal; an
ultrasound data acquisition unit configured to acquire ultra-
sound data by using the reception signal; and a processing
unit that produces a reference image by using the image data
and an ultrasound image by using the ultrasound data, per-
forms image registration between the reference image and the
ultrasound image, compares the reference image and the
ultrasound image that have undergone the image registration
with each other, and produces change information indicative
of a change in the target object.

[0012] According to one or more embodiments of the
present invention, a method of providing change information
of a target object includes: transmitting an ultrasound signal
to a living body containing the target object during radiofre-
quency ablation (RFA) and receiving an ultrasound echo sig-
nal reflected from the living body to acquire ultrasound data,
through an ultrasound probe; extracting image data of the
living body acquired before undergoing the RFA from a stor-
age unit and producing a reference image; producing an ultra-
sound image by using the ultrasound data; performing image
registration between the reference image and the ultrasound
image; and comparing the reference image and the ultrasound
image that have undergone the image registration with each
other and producing the change information indicative of a
change in the target object.

[0013] The ultrasound system and method for providing
change information of a target object allow a user to view a
size of a tumor before RFA, a targeted range of the RFA, and
real-time progress status of the RFA, thereby achieving real-
time monitoring of the progress of the RFA from various
angles and positions during RFA.

[0014] The ultrasound systems and method are adapted to
monitor a status corresponding to a portion of an image that is
momentarily blurred due to gas bubbles through accumula-
tion of images.

[0015] The ultrasound system and method may also be
adapted to store the progress of a RFA process, thereby
enabling a review of the progress.

[0016] Theultrasound system and method are also adapted
to simultaneously observe the progress of an RFA process by
using various modalities such as MRI, CT, ultrasound, and
PET-CT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0018] FIG. 1 is a schematic block diagram showing a
configuration of an ultrasound system according to an exem-
plary embodiment of the present invention;
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[0019] FIG.2isablockdiagram showing a configuration of
anultrasound data acquisition unit in the ultrasound system of
FIG. 1, according to an exemplary diagram of the present
invention;

[0020] FIG. 3 is an exemplary diagram illustrating a plu-
rality of frames;
[0021] FIG. 4 is a flowchart of a process of generating

change information associated with radiofrequency ablation
(RFA) according to an exemplary embodiment of the present
invention;

[0022] FIG.5isablockdiagram showing a configuration of
an ultrasound system according to another exemplary
embodiment of the present invention;

[0023] FIG. 6isablock diagram showing a configuration of
anultrasound data acquisition unit in the ultrasound system of
FIG. 5, according to an exemplary diagram of the present
invention; and

[0024] FIG. 7 is a flowchart of a process of generating
change information of an object associated with RFA accord-
ing to another exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the 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. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

Embodiment 1

[0026] FIG. 1 is a schematic block diagram showing a
configuration of an ultrasound system 100 according to an
exemplary embodiment of the present invention. Referring to
FIG. 1, the ultrasound system 100 includes a storage unit 110,
an ultrasound probe 120, an ultrasound data acquisition unit
130, auser input unit 140, a processing unit 150, and a display
unit 160.

[0027] The storage unit 110 stores image data correspond-
ing to animage ofa living body including a target object (e.g.,
a tumor). According to the present embodiment, the image
data corresponds to an image of a living body obtained before
radiofrequency ablation (RFA). Furthermore, the image data
may be two-dimensional (2D) or three-dimensional (3D)
data. The image data may include magnetic resonance imag-
ing (MRI) data, computed tomography (CT) data, ultrasound
data, and positron emission tomography (PET)-CT data. The
storage unit 110 may include a hard disk, a non-volatile
memory, Compact Disc-Read Only Memory (CD-ROM),
and Digital Versatile Disc (DVD)-ROM.

[0028] The ultrasound probe 120 includes a plurality of
transducer elements (not shown) that convert electrical sig-
nals into ultrasound signals, and vice versa. The ultrasound
probe 120 is configured to transmit an ultrasound signal to a
living body and receive an ultrasound echo signal reflected
from the living body to generate an electrical signal (herein-
after, referred to as a “reception signal). The reception signal
is an analog signal. The ultrasound probe 120 includes a 3D
probe, a 2D array probe, a convex probe, and a linear probe.
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[0029] The ultrasound data acquisition unit 130 controls
transmission of an ultrasound signal. The ultrasound data
acquisition unit 130 also acquires ultrasound data corre-
sponding to an ultrasound image of a living body by using a
reception signal provided by the ultrasound probe 120. The
ultrasound data acquisition unit 130 may be realized by an
Application Specific Integrated Circuit (ASIC) or a processor
including a central processing unit (CPU), a microprocessor,
and a graphics processing unit (GPU).

[0030] FIG.2is ablockdiagram showing a configuration of
the ultrasound data acquisition unit 130 in the ultrasound
system of FI1G. 1, according to an exemplary diagram of the
present invention. Referring to FIG. 2, the ultrasound data
acquisition unit 130 includes a transmitter 210, a receiver
220, and an ultrasound data forming section 230.

[0031] The transmitter 210 controls the transmission of an
ultrasound signal. The transmitter 210 also produces an elec-
trical signal (hereinafter, referred to as a “transmission sig-
nal”) that is used to obtain an ultrasound image in consider-
ation of the transducer elements. In the present embodiment,
the transmitter 210 creates a transmission signal that is used to
obtain each of a plurality of ultrasound images during RFA.

[0032] In one embodiment, the transmitter 210 creates a
transmission signal (hereinafter, referred to as a “first trans-
mission signal”) that is used to obtain each of a plurality of 2D
images of a living body during RFA. The ultrasound probe
120 then converts the first transmission signal received from
the transmitter 210 into an ultrasound signal, transmits the
ultrasound signal to the living body, and receives an ultra-
sound echo signal reflected from the living body to create a
reception signal (hereinafter, referred to as a “first reception
signal”).

[0033] In another embodiment, as shown in FIG. 3, during
RFA, the transmitter 210 creates a transmission signal (here-
inafter, referred to as a “second transmission signal”) that is
used to obtain each of a plurality of 3D ultrasound images of
a living body, i.e., a plurality of frames F, (1=i<N) corre-
sponding to the plurality of 3D ultrasound images. The ultra-
sound probe 120 then converts the first transmission signal
received from the transmitter 210 into an ultrasound signal,
transmits the ultrasound signal to the living body, and
receives an ultrasound echo signal reflected from the living
body to create a reception signal (hereinafter, referred to as a
“second reception signal”).

[0034] Thereceiver 220 performs analog-to-digital conver-
sion on the reception signal provided by the ultrasound probe
120 to produce a digital signal. The receiver 220 also per-
forms reception beamforming on the digital signal in consid-
eration of positions of the transducer elements to create a
focused reception signal. Since the reception beamforming
may be performed by using various known methods, a
detailed description thereof is omitted here. In the present
embodiment, during RFA, the receiver 220 performs analog-
to-digital conversion on the reception signal received from
the ultrasound probe 120 to produce a digital signal and
carries out reception beamforming on the digital signal to
create a focused reception signal.

[0035] In one embodiment, the receiver 220 performs ana-
log-to-digital conversion on a first reception signal provided
by the ultrasound probe 120 to produce a digital signal (here-
inafter, referred to as a “first digital signal”). The receiver 220
may also perform reception beamforming on the first digital
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signal in consideration of the transducer elements to create a
focused reception signal (hereinafter, referred to as a “first
focused reception signal™).

[0036] In another embodiment, the receiver 220 performs
analog-to-digital conversion on a first reception signal pro-
vided by the ultrasound probe 120 to produce a digital signal
(hereinafter, referred to as a “second digital signal”). The
receiver 220 may also perform reception beamforming on the
second digital signal in consideration of the transducer ele-
ments to create a focused reception signal (hereinafter,
referred to as a “second focused reception signal”).

[0037] The ultrasound data forming section 230 creates
ultrasound data corresponding to an ultrasound image by
using the focused reception signal provided by the receiver
220. The ultrasound data includes RF data, but is not limited
thereto. The ultrasound data may be stored in the storage unit
110. The ultrasound data forming section 230 may also per-
form various signal processings, such as gain control, needed
to form ultrasound data, on the focused reception signal. In
the present embodiment, during RFA, the ultrasound data
forming section 230 generates ultrasound data by using the
focused reception signal received from the receiver 220.
[0038] In one embodiment, the ultrasound data forming
section 230 generates ultrasound data (hereinafter, referred to
as “first ultrasound data’) corresponding to a 2D ultrasound
image obtained during RFA, by using the first focused recep-
tion signal provided by the receiver 220.

[0039] Inanotherembodiment, the ultrasound data forming
section 230 generates ultrasound data (hereinafter, referred to
as ‘second ultrasound data”) corresponding to a 3D ultra-
sound image obtained during RFA, by using the second
focused reception signal provided by the receiver 220.
[0040] Although the ultrasound data acquisition unit 130
has been described to acquire ultrasound data corresponding
to an ultrasound image based on a reception signal provided
by the ultrasound probe 120, the ultrasound data acquisition
unit 130 may acquire ultrasound data from an external device
(not shown) connected to the ultrasound system 100 in a
wired or wireless manner.

[0041] Referring back to FIG. 1, the user input unit 140
receives user input information. In the present embodiment,
the user input information includes information needed for
setting a region of interest (ROI). That is, the information
needed for setting an ROI may contain a size and a location of
the ROI. The ROI may include a 2D or 3D ROI. However, the
user input information is not limited thereto. The user input
information may be stored in the storage unit 110. The user
input unit 140 includes a control panel, a track ball, a touch
screen, a keyboard, and a mouse.

[0042] The processing unit 150 is connected to the storage
unit 110, the ultrasound probe 120, the ultrasound data acqui-
sition unit 130, the user input unit 140, and the display unit
160 and controls operations of the storage unit 110, the ultra-
sound probe 120, the ultrasound data acquisition unit 130, the
user input unit 140, and the display unit 160. The processing
unit 150 may be a processor including a CPU., a microproces-
sor and a GPU, or an ASIC.

[0043] FIG. 4 is a flowchart of a process of generating
change information associated with RFA according to an
exemplary embodiment of the present invention. Referring to
FIGS. 1 and 4, the processing unit 150 extracts image data
from the storage unit 110 (S402) and produces an image
(hereinafter, referred to as a “reference image”) of a living
body before undergoing RFA by using the extracted image
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data (S404). The reference image may include an MRI image,
a CT image, an ultrasound image, and a PET-CT image. The
reference image may also include 2D and 3D images.
[0044] Uponreceipt of ultrasound data from the ultrasound
data acquisition unit 130, the processing unit 150 produces an
ultrasound image U, (iz1) of a living body that is undergoing
the RFA by using the ultrasound data (S406). The ultrasound
image Ul includes a 2D or 3D ultrasound image.

[0045] The processing unit 150 performs image registra-
tion between the reference image and the ultrasound image
U, (S408). Since the image registration may be performed by
using various known methods, a detailed description thereof
is omitted here.

[0046] The processing unit 150 then compares the refer-
ence image with the ultrasound image UI, and detects an
ultrasound image for producing change information about a
target object (S410).

[0047] In one embodiment, the processing unit 150 com-
pares values (i.e., brightness values) of pixels in the reference
image with values (i.e., brightness values) of corresponding
pixels in the ultrasound image UI,, and if a brightness value
difference between the reference image and the ultrasound
image Ul exceeds a preset threshold value, the processing
unit 150 determines that the brightness values of pixels in the
ultrasound image U], have undergone a rapid change due to
gas bubbles generated during RFA and then removes the
ultrasound image Ul,. On the other hand, if the brightness
value difference between the reference image and the ultra-
sound image U], is less than or equal to the preset threshold
value, the processing unit 150 sets the ultrasound image U], as
an ultrasound image for producing change information about
a target object.

[0048] In another embodiment, the processing unit 150
compares values (i.e., brightness values) of voxels in the
reference image with values (i.e., brightness values) of cor-
responding voxels inthe ultrasound image UL, and if a bright-
ness value difference between the reference image and the
ultrasound image UI, exceeds a preset threshold value, the
processing unit 150 determines that the brightness values of
voxels in the ultrasound image UI, has undergone a rapid
change dueto gas bubbles generated during RFA and removes
the ultrasound image UT,. On the other hand, if the brightness
value difference between the reference image and the ultra-
sound image U], is less than or equal to the preset threshold
value, the processing unit 150 sets the ultrasound image UJ, as
an ultrasound image for producing change information about
a target object.

[0049] The processing unit 150 controls the display of the
reference image and the ultrasound image Ul, that have
undergone image registration (S412). In one embodiment, the
processing unit 150 controls the display unit 160 to display
the reference image on one side of the display unit 160 while
displaying the ultrasound image UT, on the other side thereof.
In another embodiment, the processing unit 150 controls the
display unit 160 to display the reference image and the ultra-
sound image Ul, superimposed on top of each other.

[0050] The processing unit 150 sets ROIs on the reference
image and the ultrasound image U], that have been image
registered, based on input information provided by the user
input unit 140 (S414).

[0051] In one embodiment, the processing unit 150 sets a
point on the reference image based on input information that
is used for setting a point on a target object in the reference
image as an ROI. The processing unit 150 then performs edge
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detection on the reference image based on the set point to
detect an edge of the target object. The edge may be detected
using an edge mask such as a Sobel mask, a Prewitt mask, a
Robert mask, and a Canny mask. Alternatively, the edge may
be detected from a difference between eigen values using a
structure tensor. The processing unit 150 then sets an ROI
corresponding to the target object on the reference image by
using the detected edge. The processing unit 150 also sets a
point on the ultrasound image Ul, based on the point set on the
reference image. The processing unit 150 then performs edge
detection on the ultrasound image UI, based on the set point to
detect an edge of the target object. Thereafter, the processing
unit 150 sets an ROI corresponding to the target object on the
ultrasound image Ul by using the detected edge.

[0052] Inanother embodiment, the processing unit 150 sets
an ROI on the reference image based on input information
that is used for setting an edge region of a target object in the
reference image as an ROI. The processing unit 150 then
performs edge detection on the ultrasound image UL, that has
been image registered to the reference image, based on the
ROI set on the reference image, to detect an edge of the target
object. The processing unit 150 sets an ROI corresponding to
the target object on the ultrasound image U], by the detected
edge.

[0053] The processing unit 150 performs image compari-
son based on the set ROIs (S416). The image comparison may
be performed using a differential image, an intensity change,
a texture change, signal phase, or signal attenuation. In one
embodiment, the processing unit 150 performs image com-
parison between a current ultrasound image and the reference
image. In another embodiment, the processor compares a
current ultrasound image with a previous ultrasound image.
In another embodiment, the processing unit 150 performs
image comparison between a current ultrasound image and
each of a predetermined number of previous ultrasound
images. [n another embodiment, the processing unit 150 pet-
forms image comparison among a reference image, a previ-
ous ultrasound image, and a current ultrasound image. In
another embodiment, the processing unit 150 may perform
image comparison among a reference image, a predetermined
number of previous ultrasound images, and a current ultra-
sound image.

[0054] The processing unit 150 produces change informa-
tion indicative of a change in a size of a target object (S418).
The change information may be stored in the storage unit 110.
[0055] In one embodiment, the processing unit 150 pro-
duces change information including an ROI corresponding to
atarget object in a reference image and an ROI corresponding
to a target object in a current ultrasound image. The ROI
corresponding to the target object in the reference image may
have the same color as or a different color than the ROI
corresponding to the target object in the current ultrasound
image. Alternatively, the ROI corresponding to the target
object in the reference image may have the same shape as or
a different shape than the ROI corresponding to the target
object in the current ultrasound image.

[0056] In another embodiment, the processing unit 150
produces change information including an ROI correspond-
ing to a target object in a reference image, an ROI correspond-
ing to a target object in a current ultrasound image, and
information about a difference in size of a target object due to
RFA. The ROI corresponding to the target object in the ref-
erence image may have the same color as or a different color
than the ROI corresponding to the target object in the current
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ultrasound image. Alternatively, the ROI corresponding to the
target object in the reference image may have the same shape
as or a different shape than the ROI corresponding to the
target object in the current ultrasound image. The information
about a difference in size of the target object may be repre-
sented as a number or graph.

[0057] In another embodiment, the processing unit 150
produces change information including an ROI correspond-
ing to a target object in a reference image, an ROI correspond-
ing to a target object in a previous ultrasound image, an ROI
corresponding to atarget object in a current ultrasound image,
and information about a difference in size of a target object
due to RFA. The ROI corresponding to the target object in the
reference image, the ROI corresponding to the target object in
the previous ultrasound image, and the ROI corresponding to
the target object in the current ultrasound image may have the
same color as or different colors than one another. Alterna-
tively, the ROI corresponding to the target object in the ref-
erence image, the ROI corresponding to the target object in
the previous ultrasound image, and the ROI corresponding to
the target object in the current ultrasound image may have the
same shape as or different shapes than one another. The
information about a difference in size of the target object may
be represented as a number or graph.

[0058] In another embodiment, the processing unit 150
produces change information including an ROI correspond-
ing to a target object in a reference image, an ROI correspond-
ing to a target object in each of a predetermined number of
previous ultrasound images, an ROI corresponding to a target
object in a current ultrasound image, and information about a
difference in size of a target object due to RFA. The ROI
corresponding to the target object in the reference image, the
ROI corresponding to the target object in each of the prede-
termined number of previous ultrasound images, and the ROI
corresponding to the target object in the current ultrasound
image may have the same color as or different colors from one
another. Alternatively, the ROI corresponding to the target
object in the reference image, the ROI corresponding to the
target object in each of the predetermined number of previous
ultrasound images, and the ROI corresponding to the target
object in the current ultrasound image may have the same
shape as or different shapes from one another. The informa-
tion about a difference in size of the target object may be
represented as a number or graph.

[0059] In another embodiment, the processing unit 150
produces change information including an ROT correspond-
ing to a target object in a reference image, an ROI correspond-
ing to a target object in a current ultrasound image, and a
marker (e.g., an arrow) for indicating a portion that is sub-
jected to RFA in the current ultrasound image.

[0060] Selectively, the processing unit 150 compares a
change (hereinafter, referred to as a “first size change’) in size
of a target object in the reference image and in a previous
ultrasound image UI,_, with a change (hereinafter, referred to
as a ‘second size change’) in size of a target object in the
reference image and in the current ultrasound image Ul, and
if a difference between the first and second size changes
exceeds a preset threshold value, the processing unit 150
determines that an error occurs in the current ultrasound
image UI, and removes the current ultrasound image U], so as
not to perform the above-described process.

[0061] Referring back to FIG. 1, the display unit 160 dis-
plays a reference image, an ultrasound image, and change
information, all of which are generated by the processing umt
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150. Examples of the display unit 160 may include a liquid
crystal display (LCD), a light-emitting diode (LED) display,
and an organic LED (OLED) display.

[0062] Selectively, although it is described above that the
ultrasound data acquisition unit 130 and the processing unit
150 are realized as separate processors, they may be com-
bined into a single processor.

Embodiment 2

[0063] FIG.5isablockdiagram showinga configuration of
an ultrasound system 500 according to another exemplary
embodiment of the present invention. Referring to FI1G. 5, the
ultrasound system 500 according to the present embodiment
includes a storage unit 510, an ultrasound probe 520, an
ultrasound data acquisition unit 530, a sensor unit 540, a user
input unit 550, a processing unit 560, and a display unit 570.
[0064] The storage unit 510 stores image data correspond-
ing to animage of a living body. Since the storage unit 560 has
the same configuration and function as those of the storage
unit 110 in FIG. 1, a detailed description thereof is omitted
here.

[0065] The ultrasound probe 520 includes a plurality of
transducer elements (not shown) that convert electrical sig-
nals into ultrasound signals, and vice versa. The ultrasound
probe 520 is configured to transmit an ultrasound signal to a
living body and receive an ultrasound echo signal reflected
from the living body to generate a reception signal. The
reception signal is an analog signal. In the present embodi-
ment, the ultrasound probe 520 includes a freehand type
probe.

[0066] The ultrasound data acquisition unit 530 controls
transmission of an ultrasound signal. The ultrasound data
acquisition unit 130 also acquires ultrasound data corre-
sponding to an ultrasound image of a living body by using a
reception signal provided by the ultrasound probe 520. The
ultrasound data acquisition unit 130 may be realized by an
ASIC or a processor including a CPU, a microprocessor, and
aGPU.

[0067] FIG. 6isablock diagram showing a configuration of
the ultrasound data acquisition unit 530 in the ultrasound
system 500, according to an exemplary diagram of the present
invention. Referring to FIG. 6, the ultrasound data acquisition
unit 530 includes a transmitter 610, a receiver 620, and an
ultrasound data forming section 630.

[0068] The transmitter 610 controls the transmission of an
ultrasound signal. The transmitter 610 also produces a trans-
mission signal that is used to obtain an ultrasound image in
consideration of the transducer elements. In the present
embodiment, the transmitter 610 creates a transmission sig-
nal that is used to obtain each of a plurality of 3D ultrasound
images during RFA.

[0069] Thereceiver 620 performs analog-to-digital conver-
sion on a reception signal provided by the ultrasound probe
520 to produce a digital signal. The receiver 620 also per-
forms reception beamforming on the digital signal in consid-
eration of positions of the transducer elements to create a
focused reception signal. In the present embodiment, during
RFA, the receiver 620 performs analog-to-digital conversion
on the reception signal received from the ultrasound probe
520 to produce a digital signal and carries out reception
beamforming on the digital signal to create a focused recep-
tion signal.

[0070] The ultrasound data forming section 630 creates
ultrasound data corresponding to an ultrasound image by
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using the focused reception signal provided by the receiver
620. The ultrasound data includes RF data, but is not limited
thereto. The ultrasound data forming section 630 may also
perform various signal processings, such as gain control,
needed to form ultrasound data, on the focused reception
signal. In the present embodiment, during RFA, the ultra-
sound data forming section 630 generates ultrasound data
corresponding to a 3D ultrasound image by using the focused
reception signal received from the receiver 620.

[0071] Referring back to FIG. 5, a sensor unit 540 senses a
3D position (orientation) of the ultrasound probe 520 and
produces position information corresponding to the sensed
3D position. According to the present embodiment, the sensor
unit 540 senses a 3D position (orientation) of the ultrasound
probe 520 based on a 3D position of a living body that will be
subjected to RFA and produces position information corre-
sponding to the sensed 3D position. The sensor unit 540 may
be located so as to sense the 3D position of the ultrasound
probe 520. For example, the sensor unit 540 may be disposed
on one side of an exterior or interior surface of the ultrasound
probe 520. The sensor unit 540 may be any device for sensing
a 3D position of the ultrasound probe 520, such as an angular
velocity sensor, a magnetic sensor, an acceleration sensor, a
gravity sensor, and a gyro sensor.

[0072] Theuser input unit 550 receives user input informa-
tion. In the present embodiment, the user input information
includes information needed for setting a 3D ROI. That is, the
information needed for setting a 3D ROI may contain a size
and a location of the 3D ROI. However, the user input infor-
mation is not limited thereto. The user input information may
be stored in the storage unit 510. The user input unit 140
includes a control panel, a track ball, a touch screen, a key-
board, and a mouse.

[0073] The processing unit 560 is connected to the storage
unit 510, the ultrasound probe 520, the ultrasound data acqui-
sition unit 530, the sensor unit 540, the user input unit 560,
and the display unit 570 and controls operations ofthe storage
unit 510, the ultrasound probe 520, the ultrasound data acqui-
sition unit 530, the sensor unit 540, the user input unit 550,
and the display unit 570. The processing unit 560 include a
processor including a CPU, a microprocessor and a GPU, or
an ASIC.

[0074] FIG. 7 is a flowchart of a process of generating
change information of an object associated with RFA accord-
ing to another exemplary embodiment of the present inven-
tion. Referring to FIGS. 5 and 7, the processing unit 560
extracts image data from the storage unit 510 (S702) and
produces a 3D reference image of a living body before under-
going RFA by using the extracted image data (S704). The 3D
reference image has 3D position information (geometric
information) obtained based on a 3D position of a living body
that will be subjected to RFA. The 3D reference image
includes an MRI image, a CT image, an ultrasound image,
and a PET-CT image.

[0075] Upon receipt of ultrasound data from the ultrasound
data acquisition unit 530, the processing unit 560 produces a
3D ultrasound image U, (iz1) of a living body that is under-
going the RFA by using the ultrasound data (S706).

[0076] The processing unit 560 performs image registra-
tion between the 3D reference image and the 3D ultrasound
image UI, based on position information of the 3D reference
image and position information provided by the sensor umt
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540 (S708). Since the image registration may be performed
by using various known methods, a detailed description
thereof is omitted here.

[0077] The processing unit 560 then compares the 3D ref-
erence image with the 3D ultrasound image UT, and detects a
3D ultrasound image for producing change information about
a target object (S710).

[0078] The processing unit 560 controls the display of the
3D reference image and the 3D ultrasound image UJ, that
have undergone image registration (S712). The processing
unit 560 sets 3D ROIs on the 3D reference image and the 3D
ultrasound image UL, that have been image registered, based
on input information provided by the user input unit 550
(S714). The processing unit 560 performs comparison
between the 3D reference image and the 3D ultrasound image
Ul, that have been image registered, based on the set 3D ROIs
(8716). Thereafter, the processing unit 560 produces change
information indicative of a change in a size of a target object
(S718). Since the operations S710 through S718 of the
method according to the present embodiment are performed
in a similar manner to the operations S410 through S418 of
the method according to Embodiment 1, a detailed descrip-
tion thereof is omitted here.

[0079] Referring back to FIG. 5, the display unit 570 dis-
plays a 3D reference image, a 3D ultrasound image and
change information, all of which are generated by the pro-
cessing unit 560. Examples of the display unit 570 may
include an LCD, an LED display, and an OLED display.
[0080] Selectively, although it is described above that the
ultrasound data acquisition unit 530 and the processing unit
560 are realized as separate processors, they may be com-
bined into a single processor.

[0081] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
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.

1. An ultrasound system comprising:

a storage unit that stores image data of a living body con-
taining a target object, which is acquired before under-
going radiofrequency ablation (RFA);

an ultrasound probe that transmits an ultrasound signal to
the living body during the RFA and receives an ultra-
sound echo signal reflected from the living body to cre-
ate a reception signal;

an ultrasound data acquisition unit configured to acquire
ultrasound data by using the reception signal; and

a processing unit that produces a reference image by using
the image data and an ultrasound image by using the
ultrasound data, performs image registration between
the reference image and the ultrasound image, compares
the reference image and the ultrasound image that have
undergone the image registration with each other, and
produces change information indicative of a change in
the target object.

2. The system of claim 1, wherein the image data includes
at least one of magnetic resonance imaging (MRI) data, com-
puted tomography (CT) data, ultrasound data, and positron
emission tomography (PET)-CT data.

3. The system of claim 1, wherein the processing unit
compares the ultrasound image with the reference image and
detects an ultrasound image for producing the change infor-
mation about the target object.
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4. The system of claim 3, wherein the processing unit
compares values of pixels in the reference image with values
of corresponding pixels in the ultrasound image, removes the
ultrasound image if a brightness value difference between the
reference image and the ultrasound image exceeds a preset
threshold value, and sets the ultrasound image as an ultra-
sound image for producing the change information about the
target object if the brightness value difference between the
reference image and the ultrasound image is less than or equal
to the preset threshold value.

5. The system of claim 3, wherein the processing unit
compares values of voxels in the reference image with values
of corresponding voxels in the ultrasound image, removes the
ultrasound image if a difference between voxels in the refer-
ence image and the ultrasound image exceeds a preset thresh-
old value, and sets the ultrasound image as an ultrasound
image for producing the change information about the target
object ifthe difference between voxels in the reference image
and the ultrasound image is less than or equal to the preset
threshold value.

6. The system of claim 1, further comprising a user input
unit configured to receive input information needed for set-
ting a point on the target object in the reference image from a
user.

7. The system of claim 6, wherein the processing unit sets
the point on the reference image based on the input informa-
tion, performs edge detection on the reference image based on
the point to detect an edge of the target object, sets a region of
interest (ROI) corresponding to the target object on the ref-
erence image by using the detected edge, sets a point on the
ultrasound image based on the point set on the reference
image, performs edge detection on the ultrasound image
based on the point set on the ultrasound image to detect an
edge of the target object, and sets an ROI corresponding to the
target object on the ultrasound image by using the detected
edge.

8. The system of claim 1, further comprising a user input
unit configured to receive input information needed for set-
ting an edge region of the target object on the reference image
as an ROI from a user.

9. The system of claim 8, wherein the processing unit sets
the ROI on the reference image based on the input informa-
tion, performs edge detection on the ultrasound image based
on the ROI set on the reference image to detect an edge of the
target object, and sets an ROI corresponding to the target
object on the ultrasound image by using the detected edge.

10. The system of claim 7, wherein the processing unit
performs image comparison based on the ROIs.

11. The system of claim 10, wherein the image comparison
is performed using at least one of a differential image, an
intensity change, a texture change, signal phase, and signal
attenuation.

12. The system of claim 10, wherein the processing umt
performs image comparison between the reference image and
a current ultrasound image.

13. The system of claim 12, wherein the processing umt
produces the change information including an ROI corre-
sponding to the target object in the reference image and an
ROI corresponding to the target object in the current ultra-
sound image.

14. The system of claim 12, wherein the processing umt
produces the change information including an ROI corre-
sponding to the target object in the reference image, an ROI
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corresponding to the target object in the current ultrasound
image, and information about a difference in size of the target
object due to the RFA.

15. The system of claim 13, wherein the ROI correspond-
ing to the target object in the reference image has the same
color as or a different color than the ROI corresponding to the
target object in the current ultrasound image.

16. The system of claim 1, wherein the ROI corresponding
to the target object in the reference image has the same shape
as or a different shape than the ROl corresponding to the
target object in the current ultrasound image.

17. The system of claim 14, wherein the information about
a difference in size of the target object is represented as a
number or graph.

18. The system of claim 10, wherein the processing unit
performs the image comparison between a current ultrasound
image and a previous ultrasound image.

19. The system of claim 10, wherein the processing unit
performs the image comparison among the reference image,
a current ultrasound image, and a previous ultrasound image.

20. The system of claim 19, wherein the processing unit
produces the change information including an ROI corre-
sponding to the target object in the reference image, an ROI
corresponding to the target object in the previous ultrasound
image, an ROI corresponding to the target object in the cut-
rent ultrasound image, and information about a difference in
size of the target object due to the RFA.

21. The system of claim 20, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in the previous ultrasound
image, and the ROI corresponding to the target object in the
current ultrasound image have the same color as or different
colors than one another.

22. The system of claim 20, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in the previous ultrasound
image, and the ROI corresponding to the target object in the
current ultrasound image have the same shape as or different
shapes than one another

23. The system of claim 20, wherein the information about
a difference in size of the target object is represented as a
number or graph.

24. The system of claim 10, wherein the processing unit
performs the image comparison among the reference image,
a current ultrasound image, and a predetermined number of
previous ultrasound images.

25. The system of claim 24, wherein the processing unit
produces the change information including an ROI corre-
sponding to the target object in the reference image, an ROI
corresponding to the target object in each of the predetet-
mined number of previous ultrasound images, an ROT corre-
sponding to the target object in the current ultrasound image,
and information about a difference in size of the target object
due to the RFA.

26. The system of claim 25, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in each of the predetermined
number of previous ultrasound images, and the ROI corre-
sponding to the target object in the current ultrasound image
have the same color as or different colors from one another.

27. The system of claim 25, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in each of the predetermined
number of previous ultrasound images, and the ROI corre-
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sponding to the target object in the current ultrasound image
have the same shape as or different shapes from one another.

28. The system of claim 25, wherein the information about
a difference in size of the target object is represented as a
number or graph.

29. The system of claim 14, wherein the processing unit
produces the change information including an ROI corre-
sponding to the target object in the reference image, an ROI
corresponding to the target object in the current ultrasound
image, and a marker for indicating a portion that is subjected
to the RFA in the current ultrasound image.

30. The system of claim 1, wherein the processing unit
further detects a first size change in size of the target object in
the reference image and in a previous ultrasound image,
detects a second size change in size of the target object in the
reference image and in a current ultrasound image, and com-
pares the first size change with the second size change to
determine that an error occurs in the current ultrasound image
if a difference between the first and second size changes
exceeds a preset threshold value and remove the current ultra-
sound image.

31. The system of claim 1, further comprising a sensor unit
configured to detect a three-dimensional (3D) position of the
ultrasound probe and create 3D position information,

wherein the ultrasound probe further transmits an ultra-

sound signal to the living body and receives an ultra-
sound echo signal reflected from the living body to cre-
ate a reception signal in a frechand manner.

32. The system of claim 31, wherein the processing unit
further performs the image registration between the reference
image and the ultrasound image based on the 3D position
information.

33. A method of providing change information of a target
object, the method comprising:

transmitting an ultrasound signal to a living body contain-

ing the target object during radiofrequency ablation
(RFA) and receiving an ultrasound echo signal reflected
from the living body to acquire ultrasound data, through
an ultrasound probe;

extracting image data of the living body acquired before

undergoing the RFA from a storage unit and producing a
reference image;

producing an ultrasound image by using the ultrasound

data;

performing image registration between the reference

image and the ultrasound image; and

comparing the reference image and the ultrasound image

that have undergone the image registration with each
other and producing the change information indicative
of a change in the target object.

34. The method of claim 33, wherein the image data
includes at least one of magnetic resonance imaging (MRI)
data, computed tomography (CT) data, ultrasound data, and
positron emission tomography (PET)-CT data.

35. The method of claim 33, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises detecting an ultrasound
image for producing the change information of the target
object.

36. The method of claim 35, wherein the detecting of the
ultrasound image comprises:

comparing values of pixels in the reference image with

values of corresponding pixels in the ultrasound image;



US 2014/0330107 A1l

removing the ultrasound image if a brightness value differ-
ence between the reference image and the ultrasound
image exceeds a preset threshold value; and

setting the ultrasound image as an ultrasound image for
producing the change information of the target object if
the brightness value difference between the reference
image and the ultrasound image is less than or equal to
the preset threshold value.

37. The method of claim 35, wherein the detecting of the

ultrasound image comprises:

comparing values of voxels in the reference image with
values of corresponding voxels in the ultrasound image;

removing the ultrasound image if a difference between
voxels in the reference image and the ultrasound image
exceeds a preset threshold value;

setting the ultrasound image as an ultrasound image for
producing change information about the target object if
the difference between voxels in the reference image and
the ultrasound image is less than or equal to the preset
threshold value.

38. The method of claim 33, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information further comprises receiving input
information needed for setting a point on the target object in
the reference image from a user.

39. The method of claim 36, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises:

setting the point on the reference image based on the input
information;

performing edge detection on the reference image based on
the point to detect an edge of the target object;

setting a region of interest (ROI) corresponding to the
target object on the reference image by using the
detected edge;

setting a point on the ultrasound image based on the point
set on the reference image;

performing edge detection on the ultrasound image based
on the point set on the ultrasound image to detect an edge
of the target object; and

setting an ROI corresponding to the target object on the

ultrasound image by using the detected edge.

40. The method of claim 33, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information further comprises receiving input
information needed for setting an edge region of the target
object on the reference image as an ROI from a user.

41. The method of claim 40, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises:

setting the ROI on the reference image based on the input

information;

performing edge detection on the ultrasound image based

on the ROI set on the reference image to detect an edge
of the target object; and

setting an ROI corresponding to the target object on the

ultrasound image by using the detected edge.

42. The method of claim 39, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises performing image com-
parison based on the ROIs.
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43. The method of claim 42, wherein the image comparison
is performed using at least one of a differential image, an
intensity change, a texture change, signal phase, and signal
attenuation.

44. The method of claim 42, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises performing image com-
parison between the reference image and a current ultrasound
image.

45. The method of claim 44, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises producing the change
information including an ROI corresponding to the target
objectin the reference image and an ROI corresponding to the
target object in the current ultrasound image.

46. The method of claim 44, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises producing the change
information including an ROI corresponding to the target
object in the reference image, an ROI corresponding to the
target object in the current ultrasound image, and information
about a difference in size of the target object due to the RFA.

47. The method of claim 45, wherein the ROI correspond-
ing to the target object in the reference image has the same
color as or a different color than the ROI corresponding to the
target object in the current ultrasound image.

48. The method of claim 45, wherein the ROI correspond-
ing to the target object in the reference image has the same
shape as or a different shape than the ROI corresponding to
the target object in the current ultrasound image.

49, The method of claim 46, wherein the information about
a difference in size of the target object is represented as a
number or graph.

50. The method of claim 42, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises performing the image
comparison between a current ultrasound image and a previ-
ous ultrasound image.

51. The method of claim 42, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises performing the image
comparison among the reference image, a current ultrasound
image, and a previous ultrasound image.

52. The method of claim 51, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises producing the change
information including an ROI corresponding to the target
object in the reference image, an ROI corresponding to the
target object in the previous ultrasound image, an ROI corre-
sponding to the target object in the current ultrasound image,
and information about a difference in size of the target object
due to the RFA.

53. The method of claim 52, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in the previous ultrasound
image, and the ROI corresponding to the target object in the
current ultrasound image have the same color as or different
colors than one another.

54. The method of claim 52, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in the previous ultrasound
image, and the ROI corresponding to the target object in the
current ultrasound image have the same shape as or different
shapes than one another
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55. The method of claim 52, wherein the information about
a difference in size of the target object is represented as a
number or graph.

56. The method of claim 52, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises performing the image
comparison among the reference image, a current ultrasound
image, and a predetermined number of previous ultrasound
images.

57. The method of claim 56, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information comprises producing the change
information including an ROI corresponding to the target
object in the reference image, an ROI corresponding to the
target object in each of the predetermined number of previous
ultrasound images, an ROI corresponding to the target object
in the current ultrasound image, and information about a
difference in size of the target object due to the RFA.

58. The method of claim 57, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in each of the predetermined
number of previous ultrasound images, and the ROI corre-
sponding to the target object in the current ultrasound image
have the same color as or different colors from one another.

59. The method of claim 57, wherein the ROI correspond-
ing to the target object in the reference image, the ROI cor-
responding to the target object in each of the predetermined
number of previous ultrasound images, and the ROI corre-
sponding to the target object in the current ultrasound image
have the same shape as or different shapes from one another.

60. The method of claim 57, wherein the information about
a difference in size of the target object is represented as a
number or graph.

61. The method of claim 56, wherein the comparing of the
reference image with the ultrasound image and the producing

Nov. 6, 2014

of the change information comprises producing the change
information including an ROI corresponding to the target
object in the reference image, an ROI corresponding to the
target object in the current ultrasound image, and a marker for
indicating a portion that is subjected to the RFA in the current
ultrasound image.

62. The method of claim 33, wherein the comparing of the
reference image with the ultrasound image and the producing
of the change information further comprises:

detecting a first size change in size of the target object in the
reference image and in a previous ultrasound image;

detecting a second size change in size of the target object in
the reference image and in a current ultrasound image;
and

comparing the first size change with the second size change
and, if a difference between the first and second size
changes exceeds a preset threshold value, determining
that an error occurs in the current ultrasound image and
removing the current ultrasound image.

63. The method of claim 33, wherein the transmitting of an
ultrasound signal to a living body and the receiving of an
ultrasound echo signal to acquire ultrasound data comprises
detecting a three-dimensional (3D) position of the ultrasound
probe to create 3D position information and transmitting the
ultrasound signal to the living body and receiving the ultra-
sound echo signal reflected from the living body in a freehand
manner.

64. The method of claim 63, wherein the performing of
image registration between the reference image and the ultra-
sound image further comprises performing the image regis-
tration between the reference image and the ultrasound image
based on the 3D position information.
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