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ULTRASONIC IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0123558, filed on Oct. 16,2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present disclosure
relate to an ultrasonic imaging apparatus, and a control
method thereof, and more specifically, to an ultrasonic imag-
ing apparatus for enhancing target therapy, and a control
method thereof.

[0004] 2. Description of the Related Art

[0005] Medical imaging apparatuses include an X-ray
imaging apparatus, a fluoroscopy system, a Computerized
Tomography (CT) scanner, a Magnetic Resonance Image
(MRI) apparatus, Positron Emission Tomography (PET), and
an ultrasonic imaging apparatus.

[0006] The ultrasonic imaging apparatus irradiates ultra-
sonic waves to the inside of an object, and receives ultrasonic
echoes reflected from the inside of the object so as to non-
invasively acquire section images about the inner tissues of
the object or images about blood vessels of the object based
on the ultrasonic echo.

[0007] The ultrasonic imaging apparatus has advantages
that it is a compact, low-priced apparatus compared to other
medical imaging apparatuses and it can display images in real
time. Also, the ultrasonic imaging apparatus has safety ben-
efits since there is no risk for patients to be exposed to radia-
tion such as X-rays. For the advantages, the ultrasonic imag-
ing apparatus is widely used to diagnose the heart, breasts,
abdomen, urinary organs, uterus, etc.

SUMMARY

[0008] Therefore, it is an aspect of the exemplary embodi-
ments to provide an ultrasonic imaging apparatus for enhanc-
ing target therapy, and a control method thereof.

[0009] Additional aspects of the exemplary embodiments
will be set forth in part in the description which follows and,
in part, will be obvious from the description, or may be
learned by practice of the exemplary embodiments.

[0010] In accordance with an aspect of an exemplary
embodiment, there is provided an ultrasonic imaging appara-
tus including: an inputter configured to receive a command
for setting, in a first ultrasound image, a target area of an
object to which target therapy is to be applied, the first ultra-
sound image showing a lesion to which ultrasound contrast
agents including therapeutic agents have been bound within
the object; and an image processor configured to compare the
first ultrasound image to a second ultrasound image acquired
after ultrasonic waves have been irradiated to a target part
corresponding to the target area, and to detect at least one of
an area into which the therapeutic agents have been delivered
and an amount of the therapeutic agents delivered into the
area.

[0011] In accordance with another aspect of an exemplary
embodiment, there is provided an ultrasonic imaging appara-
tus including: a display configured to display a first ultra-
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sound image showing a lesion to which ultrasound contrast
agents including therapeutic agents have been bound within
an object, and a registered image obtained by registering a
predetermined target image with the first ultrasound image;
an inputter configured to receive a command for setting, in the
first ultrasound image, a target area to which target therapy is
to be applied to the object; and an image processor configured
to compare the first ultrasound image to a second ultrasound
image acquired after ultrasonic waves have been irradiated to
a target part corresponding to the target area, and to detect at
least one of an area into which the therapeutic agents of the
ultrasound contrast agents have been delivered, and an
amount of the therapeutic agents delivered into the area.
[0012] Therefore, by comparing an ultrasound image
acquired before target therapy to an ultrasound image
acquired after target therapy to detect and display at least one
of an area into which therapeutic agents have been put and an
amount of the therapeutic agents put into the area, an operator
can accurately check an amount of therapeutic agents put into
lesion tissue.

[0013] Since an amount of therapeutic agents delivered into
lesion tissue can be accurately checked, accuracy of target
therapy can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects of the exemplary
embodiments will become apparent and more readily appre-
ciated from the following description of the exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0015] FIG. 1 illustrates a cross section of a particle con-
structing an ultrasound contrast agent;

[0016] FIG. 2 is a view for describing a concept of target
therapy using ultrasound contrast agents;

[0017] FIG. 3isaperspective view of an ultrasonic imaging
apparatus according to an exemplary embodiment;

[0018] FIG. 4 is a block diagram of an ultrasonic imaging
apparatus according to an exemplary embodiment;

[0019] FIG. Sillustrates a configuration of a transmit beam-
former of an ultrasonic imaging apparatus;

[0020] FIG. 6illustrates a configuration of a receive beam-
former of an ultrasonic imaging apparatus;

[0021] FIG. 7 is a block diagram of an image processor of
an ultrasonic imaging apparatus, according to an exemplary
embodiment;

[0022] FIGS. 8,9, and 10 show examples of images output
as the results of image processing by an image processor
during target therapy; and

[0023] FIG. 11 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to an exem-
plary embodiment.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to the exem-
plary embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

[0025] Hereinafter, exemplary embodiments of an ultra-
sonic imaging apparatus and a control method thereof will be
described with reference to the accompanying drawings.
[0026] The ultrasonic imaging apparatus irradiates ultra-
sonic waves to a target area of an object, and converts ultra-
sonic echoes reflected from the target area of the object into
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electrical signals. Then, the ultrasonic imaging apparatus
acquires an ultrasound image about the target area based on
the electrical signals.

[0027] Ultrasound contrast agents may be used for ultra-
sonic diagnosis using the ultrasonic imaging apparatus. The
ultrasound contrast agents are used to clearly represent a
lesion, for example, tumor tissue in an ultrasound image. The
ultrasound contrast agents may be putinto a vein of an object
before ultrasonic diagnosis.

[0028] FIG. 1 illustrates a cross section of a particle con-
structing an ultrasound contrast agent. Generally, a particle of
an ultrasound contrast agent is constructed with contrast
agents 101, therapeutic agents 102, and a phospholipid shell
103 encapsulating the contrast agents 101 and the therapeutic
agents 102. Peptides 104 and antibodies are bound to the
outer surface of the phospholipid shell. The peptides and
antibodies can be bound to tumor tissue.

[0029] The ultrasound contrast agent can be classified into
a microparticle contrast agent and a nanoparticle contrast
agent according to its particle size.

[0030] An example of the microparticle contrast agent is a
microbubble. Examples of the nanoparticle contrast agent
include a perfluorocarbon (PFC) nanodroplet, a polyactic
acid (PLA)nanobubble, a solid nanoparticle, and a liposome.
[0031] The microbubble has a size of 1 um to 4 um. Gen-
erally, the microbubble includes a phospholipid shell such as
PFC, trapping gas.

[0032] The PFC nanodroplet has a size of 200 nm to 400
nm. The shell of the PFC nanodroplet may be made of PLA.
[0033] ThePLA nanobubble has a size of 40 nm to 200 nm,
and the solid nanoparticle has a size of 20 nm to 100 nm. The
solid nanoparticle can be detected by ultrasonic waves
because of small amounts of gas trapped in cavities.

[0034] The liposome has a size of 20 nm to 1 pm. The
liposome is constructed with an amphiphilic bilayer sur-
rounding an aqueous core.

[0035] The ultrasound contrast agents may be used for tar-
get therapy, as well as for increasing the contrast of an ultra-
sound image. Target therapy using ultrasound contrast agents
will be described in more detail with reference to FIG. 2,
below.

[0036] FIG. 2 is a view for describing a concept of target
therapy using ultrasound contrast agents.

[0037] Nanoparticles 105, such as a PFC nanodroplet, a
PLA nanobubble, a solid nanoparticle, and a liposome, can
leak out of the vascular endothelium 106 and enter the
extravascular space since the nanoparticles 105 have small
sizes. Nanoparticles existing in the extravascular space 106
may coalesce into collections with sizes of microns. Particles
with sizes of microns may be bound to tumor tissue 108, and
detected by ultrasonic waves 109. As a result, tumor tissue
108 can be clearly represented in an ultrasound image.
Accordingly, an operator can check the tumor tissue in the
ultrasound image, and select an area in which the tumor tissue
108 is located, as a target area to which target therapy will be
applied. Then, the operator may operate an ultrasonic imag-
ing apparatus to irradiate ultrasonic waves 109 to a target part
corresponding to the selected target area. If the ultrasonic
waves 109 are irradiated to the target part, nanoparticles 103
in the target part burst by the ultrasonic waves 109, so that
therapeutic agents encapsulated by the nanoparticle shells are
delivered to the tumor tissue 108.

[0038] Meanwhile, although not illustrated in FIG. 2,
microbubbles cannot leak out of the vascular endothelium
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and are trapped in the intravascular space since the
microbubbles have larger sizes than nanoparticles. That s, the
microbubbles are trapped in the intravascular space around
the tumor tissue. Such microbubbles may be detected by
ultrasonic waves. If microbubbles are found in an ultrasound
image, an operator may select an area in which the
microbubbles are found, as a target area. Thereafter, the
operator may operate the ultrasonic imaging apparatus to
irradiate ultrasonic waves to a target part corresponding to the
selected target area. If ultrasonic waves are irradiated to the
target part, nanoparticles in the target part are burst by the
ultrasonic waves, so that therapeutic agents encapsulated by
the nanoparticle shells leak out of the vascular endothelium
and then are delivered to the tumor tissue.

[0039] A structure of an ultrasound contrast agent, and a
concept of target therapy using the ultrasound contrast agents
have been described above. Hereinafter, an ultrasonic imag-
ing apparatus that can be used for target therapy will be
described.

[0040] FIG. 3isaperspective view of an ultrasonic imaging
apparatus according to an exemplary embodiment.

[0041] Asillustrated in F1G. 3, an ultrasonic imaging appa-
ratus 20 may include a main body 200, an input unit 210 (e.g,,
inputter), a display unit 220 (e.g., display), and a probe 230.
[0042] The main body 200 may accommodate main com-
ponents of the ultrasonic imaging apparatus 20. For example,
referring to FIG. 4, the main body 200 may accommodate a
controller 240, a transmit beamformer 250, a receive beam-
former 260, an image processor 270, and a storage unit 280
(e.g., storage). The individual components will be described
in more detail with reference to FIG. 4, later.

[0043] The input unit 210 allows an operator to input an
instruction or a command for manipulating the ultrasonic
imaging apparatus 20. For example, the operator may input a
diagnosis start command, a command for selecting an area to
be diagnosed, a command for selecting a diagnosis type, and
a command for selecting a type of an image to be displayed
through the display unit 220, a command for selecting a target
part to which target therapy is to be applied, a command for
irradiating ultrasonic waves to the selected target part, and a
command for selecting a mode for an ultrasound image,
through the input unit 210.

[0044] The diagnosis type may include general diagnosis
and diagnosis for target therapy. The general diagnosis may
be an ultrasonic diagnosis which does not use ultrasound
contrast agents, whereas the diagnosis for target therapy may
be an ultrasonic diagnosis using ultrasound contrast agents
for target therapy.

[0045] The type of the image to be displayed through the
display unit 220 may include an ultrasound image acquired
by the ultrasonic imaging apparatus 20, and a medical image
acquired by a medical imaging apparatus having a different
modality from the ultrasonic imaging apparatus 20. The
medical imaging apparatus having the different modality
from the ultrasonic imaging apparatus 20 may include a fluo-
roscopy system, a Computerized Tomography (CT) scanner,
a Magnetic Resonance Image (MRI) apparatus, and Positron
Emission Tomography (PET). In the following description,
an image acquired by any one of these medical imaging
apparatuses is referred to as a “non-ultrasound image”.

[0046] The mode for the ultrasound image may include an
Amplitude mode (A-mode), a Brightness mode (B-mode),
and a Motion mode (M-mode).
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[0047] The input unit 210 allows an operator to input an
instruction or a command for operating the ultrasonic imag-
ing apparatus 20. The input unit 210 may include at least one
of, for example, a keypad, a keyboard, a foot switch, and a
foot pedal.

[0048] For example, the keyboard may be implemented as
hardware, and mounted on the upper part of the main body
200. The keyboard may include at least one(s) of a switch(s),
akey(s), a wheel, a joystick, a trackball, and a knop. The foot
switch or the foot pedal may be disposed below the main body
200. The operator may control a part of functions of the
ultrasonic imaging apparatus 200 using the foot pedal.

[0049] As another example, the keyboard may be imple-
mented as software such as a Graphic User Interface (GUI). A
keyboard implemented as software may be displayed through
the display unit 220.

[0050] The display unit 220 may display at least one of an
ultrasound image and a non-ultrasound image. The operator
may set atype of an image to be displayed through the display
unit 220, through the input unit 210. For example, the opera-
tor may set an image type such that only an ultrasound image
is displayed through the display unit 220, or such that an
ultrasound image and a non-ultrasound image corresponding
to the ultrasound image are displayed at the same time
through the display unit 220.

[0051] When the operatorsets an image type such that all of
an ultrasound image and a non-ultrasound image are dis-
played, the operator may set the ultrasound image to a main
image, and the non-ultrasound image to a sub image. The
main image and the sub image may be displayed by various
methods. For example, the main image and the sub image
may be arranged side by side in left and right directions in a
display area of the display unit 220. As another example, the
main image may be displayed in the entire display area, and
the sub image may overlap a part of the main image. As
another example, the main image may be displayed in the
entire display area, and an icon for displaying the sub image
may be displayed in the lower part of the display area. In this
case, if the icon located in the lower part of the display area is
selected, the sub image may be displayed in the entire display
area, and an icon for displaying the main image may be
displayed in the lower part of the display area.

[0052] The operator may manipulate the input unit 210 to
change a setting for a main image and a sub image, or a setting
for a display method for displaying a main image and a sub
image, before or during ultrasonic diagnosis.

[0053] Meanwhile, there may be provided a plurality of
display units. The display unit 220 may have only a display
functionorhaveboth a display function and an input function.
If the display unit 220 is a touch screen, the display unit 220
may have both a display function and an input function.

[0054] The probe 230 contacts an object 10 (see FIG. 4).
One or more ultrasonic elements T are installed in one end of
the probe 230. The ultrasonic elements T irradiate ultrasonic
waves to the inside of the object 10, receive ultrasonic echo
reflected from the inside of the object 10, and convert the
ultrasonic echo into an electrical signal. For example, each
ultrasonic element T may include an ultrasonic generator to
generate ultrasonic waves and an ultrasonic reception device
to receive ultrasonic echoes and convert the ultrasonic echoes
into an electrical signal. As another example, the ultrasonic
element T itself may generate ultrasonic waves and receive
ultrasonic echoes.
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[0055] The ultrasonic elements T may include ultrasonic
transducers. A transduceris a device for converting a first type
of energy into a second type of energy. For example, the
ultrasonic transducer may convert electrical energy into wave
energy, or wave energy into electrical energy. In particular,
the ultrasonic transducers may perform all functions of an
ultrasonic generator and an ultrasonic receiver.

[0056] In more detail, the ultrasonic transducers may
include a piezoelectric material or a piezoelectric thin film. If
alternating current power from an external power supply or
from an internal power storage unit, for example, a battery, is
applied to the piezoelectric material or the piezoelectric thin
film, the piezoelectric material or the piezoelectric thin film
vibrates at a specific frequency so that a specific frequency of
ultrasonic waves are generated according to the vibration
frequency. Meanwhile, if an ultrasonic echo having a specific
frequency arrives at the piezoelectric material or the piezo-
electric thin film, the piezoelectric material or the piezoelec-
tric thin film vibrates according to the frequency of the ultra-
sonic echo. At this time, the piezoelectric material or the
piezoelectric thin film outputs alternating current which cor-
responds to the vibration frequency.

[0057] Each ultrasonic transducer may be a magnetostric-
tive ultrasonic transducer which uses the magnetostrictive
effect of a magnetic material, a piezoelectric ultrasonic trans-
ducer which uses the piezoelectric effect of a piezoelectric
material, or a capacitive micromachined ultrasonic trans-
ducer (CMUT) that transmits and receives ultrasonic waves
by using a vibration of several hundreds or thousands of
micromachined thin films. However, the ultrasonic trans-
ducer may include any other type of ultrasonic transducer
which is capable of generating ultrasonic waves according to
electrical signals, or which is capable of generating electrical
signals according to ultrasonic waves.

[0058] The ultrasonic transducers may be arranged in a
linear array or in a convex array at the end part of the probe
230. In this case, the ultrasonic transducers may be arranged
in a line or in a matrix form. If the ultrasonic transducers are
arranged in a line, by moving the probe 230 in a scan direc-
tion, a plurality of ultrasound images may be acquired. If the
ultrasonic transducers are arranged in a matrix form, by trans-
mitting ultrasonic waves at once, a plurality of ultrasound
images may be acquired.

[0059] Although not shown in the drawings, a cover for
covering the ultrasonic transducers may be provided.

[0060] FIG. 4 is a block diagram of an ultrasonic imaging
apparatus according to an exemplary embodiment.

[0061] Referringto FIG. 4, an ultrasonic imaging apparatus
20 may include the input unit 210, the display unit 220, the
controller 240, the transmit beamformer 250, the probe 230,
the receive beamformer 260, the image processor 270, and the
storage unit 280. The controller 240, the transmit beamformer
250, the receive beamformer 260, the image processor 270,
and the storage unit 280 may be accommodated in the main
body 200 (see FIG. 3) of the ultrasonic imaging apparatus 20.
[0062] The input unit 210 and the probe 230 have been
described above with reference to FIG. 3, and accordingly,
further descriptions thereof will be omitted.

[0063] Thecontroller 240 may control overall operations of
the ultrasonic imaging apparatus 20. In detail, the controller
240 may generate a control signal for controlling at least one
of the transmit beamformer 250, the receive beamformer 260,
the image processor 270, the storage unit 280, and the display
unit 220, according to an instruction or command received
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through the input unit 210. Also, the controller 240 may
generate a control signal for controlling individual compo-
nents according to an instruction or a command received from
an external device through wired or wireless communication.
[0064] The transmit beamformer 250 may perform transmit
beamforming. The transmit beamforming is performed in
order to focus ultrasonic waves which are generated by one or
more ultrasonic elements T to a focal point. That is, the
transmit beamforming may be performed by coordinating the
ultrasonic elements T to generate ultrasonic waves in an
appropriate order in order to compensate for time differences
with which ultrasonic waves generated by the ultrasonic ele-
ments T arrive at the focal point. The transmit beamforming
will be described in more detail with reference to FIG. 5,
below.

[0065] FIG. 5 illustrates a configuration of the transmit
beamformer 250. As illustrated in FIG. 5, the transmit beam-
former 250 may include a transmission signal generator 251
and a time delay unit 252 (e.g., time delayer).

[0066] Thetransmission signal generator 251 may generate
transmission signals (such as, for example, high-frequency
alternating current signals) that are to be applied to the ultra-
sonic elements T based on a control signal which is received
from the controller 240. The transmission signals generated
by the transmission signal generator 251 are provided to the
time delay unit 252.

[0067] The time delay unit 252 delays each transmission
signal generated by the transmission signal generator 251 in
order to adjust a time at which the transmission signal arrives
at the corresponding ultrasonic element T. If the transmission
signals delayed by the time delay unit 252 are applied to the
ultrasonic elements T, the ultrasonic elements T generate
ultrasonic waves which correspond to the frequencies of the
transmission signals. The ultrasonic waves generated by the
ultrasonic elements T are focused onto a focal point. The
location of the focal point at which the ultrasonic waves
generated by the ultrasonic elements T are focused may vary
based on the type of delay pattern that is applied to the
transmission signals.

[0068] In more detail, in the exemplary embodiment of
FIG. 5, five ultrasonic elements t1 to t5 are provided, and
three delay patterns that can be applied to transmission sig-
nals are respectively represented by using thick solid lines,
medium solid lines, and thin solid lines, respectively.

[0069] When the delay pattern represented as the thick
solid lines is applied to transmission signals generated by the
transmission signal generator 251, ultrasonic waves genet-
ated by the ultrasonic elements t1 to t5 are focused onto a first
focal point F,.

[0070] When the delay pattern represented as the medium
solid lines is applied to transmission signals generated by the
transmission signal generator 251, ultrasonic waves gener-
ated by the ultrasonic elements t1 to t5 are focused onto a
second focal point F, which is more distant than the first focal
point F;.

[0071] When the delay pattern represented as the thin solid
lines is applied to transmission signals generated by the trans-
mission signal generator 251, ultrasonic waves generated by
the ultrasonic elements t1 to t5 are focused onto a third focal
point F; which is more distant than the second focal point F,.
[0072] As described above, the location of a focal point
varies based on the type of delay pattern that is applied to
transmission signals generated by the transmission signal
generator 251. Accordingly, when a delay pattern is applied,
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ultrasonic waves that are to be applied to an object are focused
onto a fixed focal point (fixed-focusing). However, when two
or more different delay patterns are applied, ultrasonic waves
that are to be applied to an object are focused onto several
focal points (multi-focusing).

[0073] As such, ultrasonic waves generated by the indi-
vidual ultrasonic elements T are fixed-focused onto a single
focal point, or multi-focused at several focal points. The
focused ultrasonic waves are directed to the inside of an
object. The ultrasonic waves directed to the inside of the
object are reflected from a target area of the object. An ultra-
sonic echo which is reflected from the target area is received
by the ultrasonic elements T. Then, the ultrasonic elements T
convert the received ultrasonic echo into electrical signals.
Hereinafter, the converted electrical signals will be simply
referred to as reception signals (ultrasound echo signals). The
reception signals output from the ultrasonic elements T are
amplified and filtered, then converted into digital signals, and
provided to the receive beamformer 260.

[0074] Referring again to FIG. 4, the receive beamformer
260 may perform receive beamforming on the reception sig-
nals which are converted into the digital signals. The receive
beamforming is performed in order to correct time differ-
ences between reception signals output from individual ultra-
sonic elements T, and then to focus the resultant reception
signals. The receive beamforming will be described in more
detail with reference to FIG. 6, below.

[0075] FIG. 6is a block diagram of the receive beamformer
260, according to an exemplary embodiment. Referring to
FIG. 6, the receive beamformer 260 may include a time-
difference corrector 262 and a focusing unit 261 (e.g,
focuser).

[0076] The time-difference corrector 262 delays a respec-
tive reception signal which is output from each ultrasonic
element T by a predetermined time period so that the recep-
tion signals output from the individual ultrasonic elements T
can be transferred to the focusing unit 261 at the same time.
[0077] The focusing unit 261 may focus the reception sig-
nals based on the time-difference correction which is per-
formed by the time-difference corrector 262. In particular, the
focusing unit 261 may focus the reception signals after allo-
cating a predetermined weight (such as, for example, a beam-
forming coefficient) to each reception signal in order to
enhance or attenuate the corresponding reception signal with
respect to the other reception signals. The focused reception
signal may be provided to the image processor 270.

[0078] Referring again to FIG. 4, the image processor 270
may process ultrasound images in real time, and perform
image registration. In addition, the image processor 270 may
create a User Interface (UT) needed for target therapy. The
image processor 270 will be described in more detail with
reference to FIGS. 7 to 10, below.

[0079] FIG. 7 is a block diagram of the image processor
270, according to an exemplary embodiment. FIGS. 8,9, and
10 show examples of images output as the results of image
processing by the image processor 270 during target therapy.
[0080] Referring to FIG. 7, the image processor 270 may
include an image producer 271, an imaging registration unit
272, a detector 273, and an attribute adjusting unit 274 (e.g,,
attribute adjustor).

[0081] Theimage producer 271 may produce an ultrasound
image based on the reception signals converted into digital
signals. The ultrasound image produced by the image pro-
ducer 271 may include one of more of a 2-Dimensional (2D)
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ultrasound image and a 3-Dimensional (3D) ultrasound
image. The 2D ultrasound image may be a section image
about the inside tissue of the object 10 (see FIG. 4). The 3D
ultrasound image may be an image acquired by performing
volume rendering on volume data generated based on a plu-
rality of section images with respect to a specific viewpoint.
The 2D and 3D ultrasound images may be black-and-white
images and color images. A kind of an ultrasound image that
is produced by the image producer 271 may vary depending
on an instruction or a command input before or during ultra-
sonic diagnosis.

[0082] The image registration unit 272 may perform image
registration. When the object 10 is photographed by different
apparatuses, at different times, or at different viewpoints,
images are obtained on different coordinate systems. The
image registration is for deforming different images to rep-
resent the different images on a single coordinate system. By
performing image registration, a matching relationship
between images acquired by different methods can be under-
stood.

[0083] Image registration may be classified into mono-mo-
dality registration and multi-modality registration. The
mono-modality registration is to register images acquired by
the same kind of apparatus. The multi-modality registration is
to register images acquired by different kinds of apparatuses.
[0084] If the image registration unit 272 performs image
registration with respect to an ultrasound image acquired by
the ultrasonic imaging apparatus 20 and an ultrasound image
acquired in advance, the image registration can be understood
as mono-modality registration. If the image registration unit
272 performs image registration with respect to an ultrasound
image acquired by the ultrasonic imaging apparatus 20 and a
non-ultrasound image acquired in advance, the image regis-
tration can be understood as multi-modality registration.
[0085] Inthe following description, animage that is used as
areference image between two images to be subject to image
registration is referred to as a “source image”. An image that
is resampled for registration with a source image is referred to
as a “target image”. A target image registered with a source
image is referred to as a “registered image”.

[0086] According to an exemplary embodiment, a source
image can be understood as an ultrasound image that is
acquired in real time through the ultrasonic imaging appara-
tus 20. More specifically, a source image can be understood as
an ultrasound image acquired before target therapy among
ultrasound images that are acquired in real time through the
ultrasonic imaging apparatus 20.

[0087] A target image may be an ultrasound or non-ultra-
sound image acquired in advance. The operator may manipu-
late the input unit 210 to select a target image before ultra-
sonic diagnosis. Also, the operator may manipulate the input
unit 210 to change a type of a target image during ultrasonic
diagnosis.

[0088] For example, an ultrasound image 30A and a regis-
tered image 40A (see FIG. 8) may be displayed side by side.
As another example, the ultrasound image 30A and the reg-
istered image 40A may be displayed to overlap each other,
after at least one attribute selected from at least one attribute
of the ultrasound image 30A and at least one attribute of the
registered image 40A is adjusted. Attributes of an image may
include transparency and color.

[0089] The attribute adjusting unit 274 may adjust
attributes of an image according to settings by the operator.
The operator may set a display method of displaying two
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images, may indicate which image is subject to attribute
adjustment when two images are displayed to overlap each
other, and may set a degree to which an attribute is adjusted,
through the input unit 210. The settings may be done before
ultrasonic diagnosis. Also, setting values may be changed by
the operator during ultrasonic diagnosis. In the following
description, an example in which the ultrasound image 30A
and the registered image 40A are displayed side by side will
be described.

[0090] The detector 273 may compensate for ultrasonic
attenuation of the ultrasound image 30A acquired before
target therapy. The ultrasonic attenuation compensation may
have occurred in at least one direction of an axial direction
and a lateral direction.

[0091] Thereafter, the detector 273 may detect a lesion
from the ultrasound image 30A subject to compensation for
ultrasonic attenuation, and make the detected lesion overlap
with the registered image 40A at the corresponding location
in the registered image 40A. Since a lesion to which ultra-
sound contrast agents have been bound is represented brightly
in an ultrasound image, the detector 273 may detect an area
including at least one pixel having a brightness value greater
than a reference value, or an area including at least one pixel
having a brightness value belonging to a reference range, in
the ultrasound image 30 A, and determine the detected area as
alesion. Herein, the reference value or the reference range has
been decided in advance through an experiment, and then
stored in the storage unit 280 which will be described later.
[0092] Theultrasound image 30A, and the registered image
40A with which the lesion detected from the ultrasound
image 30A overlaps may be displayed in a display area of the
display unit 220. FIG. 8 shows a case in which the ultrasound
image 30A, and the registered image 40 A with which a lesion
32 detected from the ultrasound image 30A overlaps are
displayed side by side in left and right directions in a display
area.

[0093] In addition, the detector 273 may detect an amount
of ultrasound contrast agents bound to the lesion. It is
assumed that the sizes of particles constructing ultrasound
contrast agents are uniform, and an amount of contrast agents
and an amount of therapeutic agents existing in the shell of
each particle are the same. In this case, the greater an amount
of ultrasound contrast agents bound to a lesion, the brighter
the lesion is shown in an ultrasound image. Accordingly, by
analyzing the brightness of the lesion 32 detected from the
ultrasound image 30A, an amount of ultrasound contrast
agents bound to the lesion 32 can be detected.

[0094] Brightness of ultrasound contrast agents which are
displayed in an ultrasound image according to an amount of
ultrasound contrast agents may be decided in advance
through an experiment, and may be stored in the form of a
look-up table in the storage unit 280 which will be described
later.

[0095] Meanwhile, ultrasonic waves attenuate in an axial
direction and in a lateral direction. Accordingly, as tissue is
located deeper from the skin of the body or more distant in the
lateral direction, the tissue is shown darker in an ultrasound
image. Accordingly, there is a need for compensating for
ultrasonic attenuation before using the look-up table.

[0096] An example of a method of compensating for ultra-
sonic attenuation is to increase the brightness of tissue
depending on depth through Time Gain Compensation
(TGC). As another example, there is a method of tracing and
detecting a single ultrasound contrast agent to record bright-
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ness when one ultrasound contrast agent exists at a predeter-
mined location, and detecting an amount of ultrasound con-
trast agents based on the recorded brightness.

[0097] The detector 273 may detect an amount of ultra-
sound contrast agents bound to the lesion with reference to the
look-up table, after compensating for ultrasonic attenuation
with respect to the ultrasound image 30A. Information about
the detected amount of ultrasound contrast agents may be
displayed through an information display window 36. The
information display window 36 may be displayed in a sepa-
rate area from those of the ultrasound image 30A and the
registered image 40A, or overlap with the ultrasound image
30A or the registered image 40A. FIG. 8 shows a case in
which the image display window 36 overlaps with the ultra-
sound image 30A.

[0098] When the ultrasound image 30A and the registered
image 40A are displayed side by side as shown in FIG. 8, the
operator may set a target area 34 (see FIG. 9) that is applied to
target therapy in the ultrasound area 30A. For example, the
operator may drag and drop a cursor displayed in the display
area using the input unit 210 (e.g., a mouse) to set the target
area 34. If the display unit 220 is a touch screen, the operator
may draw a desired range on the display area using his or her
finger or a stylus pen to thus set the target area 34.

[0099] The target area 34 set in the ultrasound image 30A
may be defined by an area dividing line. The area dividing line
is an indicator for distinguishing the target area 34 from the
remaining area in the ultrasound image 30A. For example, the
area dividing line may be any one of a dotted line, a broken
line, an alternate long and short dash line, an alternate long
and tow short dashes line, and a solid line. Referring to FIG.
9, the target area 34 set in the ultrasound image 30A is defined
by an area dividing line which is a dotted line.

[0100] Also, an area 44 of the registered image 40A, cor-
responding to the target area 34 of the ultrasound image 30A,
may be defined by an area dividing line. Referring to FIG. 9,
the area 44 of the registered image 40A, corresponding to the
target area 34 of the ultrasound image 304, is defined by an
area dividing line which is a dotted line.

[0101] Afterthe target area 34 is set in the ultrasound image
30A, target therapy of irradiating ultrasonic waves to a target
part corresponding to the target area 34 may be performed.
For example, the target therapy may be performed automati-
cally when setting the target area 34 is completed. As another
example, the target therapy may be performed automatically
after a predetermined time period has elapsed from when
setting the target area 34 has been completed. As still another
example, the target therapy may be performed when a prede-
termined instruction or command is received through the
input unit 210 after the target area 34 is set. Whether to
perform target therapy automatically or manually, and a time
interval until target therapy is performed after the target area
34 is selected, may be selected by the user.

[0102] Ifultrasonic waves are irradiated to the target part,
all or a part of ultrasound contrast agent particles bound to the
lesion bursts, and therapeutic agents in the shells of the par-
ticles are delivered to the lesion. As such, since the ultrasound
contrast agent particles burst by the ultrasonic waves irradi-
ated to the target part, an ultrasound image acquired after the
target therapy becomes different from the ultrasound image
30A acquired before the target therapy.

[0103] The detector 273 may compare the ultrasound
image 30A acquired before the target therapy to anultrasound
image 30B (see FIG. 10) acquired after the target therapy,

Apr. 16, 2015

thereby detecting an area into which the therapeutic agents
have been put, and an amount of the therapeutic agents which
are put into the corresponding area.

[0104] Indetail, the detector 273 may compensate for ultra-
sonic attenuation of the ultrasound image 30B acquired after
the target therapy. Then, the detector 273 may compare the
ultrasound images 30 A and 30B to determine whether an area
with reduced brightness is found in the ultrasound image 30B
acquired after the target therapy. If an area with reduced
brightness is found in the ultrasound image 30B, the detector
273 detects the area with the reduced brightness as an area 35
into which the therapeutic agents have been put. In addition,
the detector 273 may determine a reduced degree in bright-
ness of the area 35, and detect an amount of therapeutic agents
put into the corresponding area 35 based on the result of the
determination.

[0105] The area 35 into which the therapeutic agents have
been put may be defined by an area dividing line in the
ultrasound area 30B. For example, the area dividing line may
be any one ofa dotted line, abroken line, an alternate long and
short dash line, an alternate long and tow short dashes line,
and a solid line. For example, the area dividing line defining
the area 35 into which the therapeutic agents have been put
may have a different line type from the area dividing line
defining the target area 34. As another example, the area
dividing line defining the area 35 into which the therapeutic
agents have been put may have the same line type as, and a
different color from, the area dividing line defining the target
area 34.

[0106] Also, an area 45 of the registered image 40B, corre-
sponding to the area 35 of the ultrasound image 30B into
which the therapeutic agents have been put, may be defined
by an area dividing line. The areas 35 and 45 of the ultrasound
image 30B and the registered image 40B, into which the
therapeutic agents have been put, may be defined by the same
type of area dividing lines. Referring to FIG. 10, the areas 35
and 45 of the ultrasound image 30B and the registered image
40B are defined by area dividing lines which are dotted lines.
As such, by displaying area dividing lines corresponding to
the areas 35 and 45 into which the therapeutic agents have
been put, an operator can easily distinguish the areas 35 and
45 into which the therapeutic agents have been put.

[0107] Meanwhile, information about an amount of the
therapeutic agents which are put into the detected area 35 may
be displayed through the information display window 36. The
information about the amount of the therapeutic agents which
are put into the detected areas 35 may be displayed through
the information display window 36, together with informa-
tion acquired before target therapy, for example, information
about a location of the lesion, and information about an
amount of ultrasound contrast agents bound to the lesion.
FIG. 10 shows a case in which the information display win-
dow 36 overlaps with the ultrasound image 30B acquired
after target therapy.

[0108] Referring again to FIG. 4, the storage unit 280 may
store data or algorithms needed for operations of the ultra-
sonic imaging apparatus 20. For example, the storage unit 280
may store a target image that is subject to image registration,
the ultrasound image 30A and the registered image 40A
acquired before target therapy, and the ultrasound image 30B
and the registered image 40B acquired after target therapy.
Also, the storage unit 280 may store a look-up table that
represents a mapping relationship between brightness of
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ultrasound contrast agents which are displayed in the ultra-
sound image 30A and an actual amount of ultrasound contrast
agents.

[0109] The storage unit 280 may be Read Only Memory
(ROM), Random Access Memory (RAM), Programmable
Read Only Memory (PROM), Erasable Programmable Read
Only Memory (EPROM), a flash memory, a hard disk drive,
an optical disk drive, or a combination of two or more of the
above-mentioned devices. However, the storage unit 280 is
not limited to these, and may be any other storage device
well-known in the art.

[0110] FIG. 11 is a flowchart illustrating a control method
of the ultrasonic imaging apparatus 20, according to an exem-
plary embodiment. The following description will be given
with reference to FIGS. 4, 7, 8, 9, and 10.

[0111] First, ultrasound contrast agents may be put into the
object 10 at operation S9.

[0112] Then, ultrasonic waves for monitoring may be irra-
diated to the object 10, and ultrasonic echoes reflected from
the object 10 may be received at operation S10. The operation
of irradiating ultrasonic waves and receiving ultrasonic ech-
oes may be performed by one or more ultrasonic elements T,
for example, one or more ultrasonic transducers. The ultra-
sonic elements T may convert the received ultrasonic echoes
into electrical signals, and output reception signals. The
reception signals output from the ultrasonic elements T may
be amplified and filtered, and then converted into digital
signals. The reception signals converted into the digital sig-
nals may be received and focused by the receive beamformer
260.

[0113] Thereafter, an ultrasound image may be produced
based on the reception signals focused by the receive beam-
former 260 at operation S11. The ultrasound image may be
produced by the image producer 271 of the image processor
270.

[0114] Thereafter, image registration may be performed
using the ultrasound image as a source image at operation
S12. A target image that is registered with the source image
may be an ultrasound or non-ultrasound image acquired at a
different time or at a different angle. The non-ultrasound
image may be a CT image, an MRI image, or a PET image.
The image registration may be performed by the image reg-
istration unit 272 of the image processor 270.

[0115] For example, the image registration unit 272 may
detect at least one pattern from each of a source image and a
target image, and register the target image with the source
image based on patterns having a highest similarity among
the patterns detected from the source image and the target
image. Referring to FIG. 8, a pattern 31 of the ultrasound
image 30A is similar to a pattern 41 of the registered image
40A, and accordingly, image registration is performed based
on the patterns 31 and 41.

[0116] Meanwhile, the source image, and the registered
image which is the target image registered with the source
image may be displayed by various methods. For example,
the source image and the registered image may be displayed
side by side in a display area, as shown in FIG. 8. As another
example, the source image and the registered image may be
displayed to overlap each other, after at least one attribute
selected from at least one attribute of the source image and at
least one attribute of the registered image is adjusted.
Attributes of an image may include transparency and color.
[0117] If the image registration is completed, a lesion 32
may be detected from the ultrasound image 304, and the
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detected lesion 32 may be displayed to overlap with a lesion
42 of the registered image 40A at operation S13. Operation
S13 may be performed by the detector 273 of the image
processor 270. A lesion to which ultrasound contrast agents
have been bound is shown brightly in the ultrasound image
30A. Accordingly, the detector273 may detect an area includ-
ing at least one pixel having a brightness value greater than a
reference value, or an area including at least one pixel having
a brightness value belonging to a reference range, in the
ultrasound image 30A, and determine the detected area as a
lesion.

[0118] Thereafter, ultrasonic attenuation of the ultrasound
image 30A may be compensated for, an amount of ultrasound
contrast agents bound to the lesion may be detected, and the
result of the detection may be displayed through the informa-
tion display window 36 at operation S14. Operation S14 may
be performed by the detector 273 of the image processor 270.

[0119] As described above, since ultrasonic waves attenu-
ation is more significant at a location deeper from the skin of
the body or at a location more distant in the lateral direction,
a lesion located deeper from the body of the skin is shown
darker in the ultrasound image 30A, and a lesionlocated more
distant in the lateral direction is also shown darker in the
ultrasound image 30A. Accordingly, the detector 273 may
compensate for ultrasonic attenuation of the ultrasound
image 30A according to the axial-directional and lateral-
directional locations of the lesion.

[0120] Then, an amount of ultrasound contrast agents
bound to the lesion may be detected with reference to the
brightness of the lesion and the look-up table. The more an
amount of ultrasound contrast agents bound to the lesion is,
the brighter the lesion is shown in the ultrasound image 30A.
Accordingly, the detector 273 may detect the brightness of the
lesion detected from the ultrasound image 30A, and then
search for an amount of ultrasound contrast agents corre-
sponding to the detected brightness in the look-up table.
Information about the found amount of ultrasound contrast
agents may be displayed through the information display
window 36.

[0121] Thereafter, if a target area 34 is set in the ultrasound
image 30A at operation S15, ultrasonic waves for target
therapy may be irradiated to a target part corresponding to the
target area 34 at operation S16. The ultrasonic waves for
target therapy, irradiated to the target part, may make a part of
bubbles of the ultrasound contrast agents burst. As a result,
therapeutic agents may be delivered to tissue of the target
part. In order to make the bubbles of the ultrasound contrast
agents burst, ultrasonic waves of a predetermined resonance
frequency, orultrasonic waves ofa predetermined intensity or
more may be irradiated to the target part.

[0122] Inoperation S16, the controller 240 may control the
transmit beamformer 250 such that ultrasonic waves gener-
ated from one or more ultrasonic elements T can be focused to
the target part.

[0123] For example, the controller 240 may control the
transmit beamformer 250 such that when the target area 34 is
set in the ultrasound image 30A, ultrasonic waves can be
focused to a target part corresponding to the target area 34.

[0124] As another example, the controller 240 may control
the transmit beamformer 250 such that ultrasonic waves can
be focused to a target part corresponding to the target area 34
after a predetermined time period has elapsed from when the
target area 34 has been set in the ultrasound image 30A.
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[0125] As still another example, the controller 240 may
control the transmit beamformer 250 such that ultrasonic
waves can be focused to a target part corresponding to the
target area 34 when a predetermined instruction or command
is received through the input unit 210 after the target area 34
is set in the ultrasound image 30A.

[0126] As described above, the ultrasonic waves may be
irradiated by one or more ultrasonic elements T. The ultra-
sonic elements T may convert received ultrasonic echoes into
electrical signals, and output reception signals. The reception
signals output from the ultrasonic elements T may be ampli-
fied and filtered, and then converted into digital signals. The
reception signals converted into the digital signals may be
received and focused by the receive beamformer 260.
[0127] Thereafter, ultrasonic waves for monitoring, not
aimed at making bubbles burst, may be irradiated to the target
part corresponding to the target area 34, and ultrasonic echoes
reflected from the target part may be received at operation
S17.

[0128] Ifthe reception signals focused by the receive beam-
former 260 are output, an ultrasound image 30B may be
produced based on the reception signals at operation S18.
Operation S18 may be performed by the image producer 271
of the image processor 270. The ultrasound image 30B pro-
duced by the image producer 271 may be displayed in the
display area.

[0129] Thereafter, the ultrasound image 30A acquired
before target therapy may be compared to the ultrasound
image 30B acquired after target therapy to detect an area 35
into which therapeutic agents have been put, and the detected
area 35 may be displayed in both the ultrasound image 30B
and the registered image 40B at operation S19. Operation S19
may be performed by the detector 273 of the image processor
270. If ultrasonic waves are irradiated to be focused to the
target part, the ultrasound contrast agent particles burst by the
irradiated ultrasonic waves, so that a part in which the ultra-
sound contrast agent particles have burst is shown dark in the
ultrasound image 30B. Accordingly, the detector 273 may
detect an area with reduced brightness in the ultrasound
image 30B acquired after target therapy, and determine the
detected area as an area 35 into which therapeutic agents have
been put.

[0130] Thereafter, the detector 273 may detect an amount
of the therapeutic agents which have been put into the
detected area 35, and display information about the detected
amount of the therapeutic agents through the information
display window 36 at operation S20. The amount of the
therapeutic agents which have been put into the detected area
35 may be indicated by how much darker the detected area 35
is shown as compared to the corresponding area in the ultra-
sound image 30A acquired before target therapy.

[0131] The control method of the ultrasonic imaging appa-
ratus 20 has been described with reference 10 FIG. 11. In FIG.
11, operations S9 to S14 are first monitoring operations for
monitoring a lesion to which ultrasound contrast agents have
been bound in an ultrasound image, operations S15 and S16
are target therapy operations for making bubbles of ultra-
sound contrast agents at a target part burst, and operations S17
to S20 are second monitoring operations for monitoring the
results of the target therapy.

[0132] Although not illustrated in FIG. 11, after operation
S20, the target therapy operations S15 and S16 and the second
monitoring operations S17 to S20 may be repeatedly per-
formed. For example, the target therapy operations S15 and
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S16 and the second monitoring operations S17 to S20 may be
repeatedly performed until all ultrasound contrast agent
bubbles at the target part burst.

[0133] Although a few exemplary embodiments have been
shown and described, it would be appreciated by those skilled
in the art that changes may be made in these exemplary
embodiments without departing from the principles and spirit
of the exemplary embodiments, the scope of which is defined
in the claims and their equivalents.

What is claimed is:

1. An ultrasonic imaging apparatus coniprising;

an inputter configured to receive a command for setting, in

a first ultrasound image, a target area of an object to
which target therapy is to be applied, the first ultrasound
image showing a lesion to which ultrasound contrast
agents comprising therapeutic agents have been bound
within the object; and

an image processor configured to compare the first ultra-

sound image to a second ultrasound image acquired after
ultrasonic waves have been irradiated to a target part
corresponding to the target area, and to detect at least one
of an area into which the therapeutic agents have been
delivered and an amount of the therapeutic agents deliv-
ered into the area.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the image processor further comprises a detector
configured to compensate for ultrasonic attenuation of the
first ultrasound image and the second ultrasound image
according to alocation ofthe lesion, and to detect an area with
reduced brightness in the second ultrasound image compared
to acorresponding area in the first ultrasound area, as the area
into which the therapeutic agents have been delivered.

3. The ultrasonic imaging apparatus according to claim 2,
wherein the detector is configured to display an area dividing
line indicating the detected area in the second ultrasound
image in order to distinguish the detected area from a remain-
ing area other than the detected area of the second ultrasound
image.

4. The ultrasonic imaging apparatus according to claim 2,
wherein the detector is configured to detect the amount of the
therapeutic agents delivered into the detected area, based ona
reduced degree in brightness of the detected area.

5. The ultrasonic imaging apparatus according to claim 4,
further comprising a display configured to display informa-
tion about the amount of the therapeutic agents delivered into
the area.

6. The ultrasonic imaging apparatus according to claim 1,
wherein the image processor further comprises a detector
configured to compensate for ultrasonic attenuation of the
first ultrasound image according to a location of the lesion,
and to detect an area including at least one pixel having a
brightness value greater than a reference value in the first
ultrasound image, as the lesion.

7. The ultrasonic imaging apparatus according to claim 6,
wherein the detector is configured to detect an amount of the
ultrasound contrast agents bound to the detected lesion, based
on brightness of the detected lesion.

8. The ultrasonic imaging apparatus according to claim 7,
further comprising a display configured to display informa-
tion about the amount of the ultrasound contrast agents bound
to the detected lesion.

9. An ultrasonic imaging apparatus comprising;

a display configured to display a first ultrasound image

showing a lesion to which ultrasound contrast agents
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comprising therapeutic agents have been bound within
an object, and aregistered image obtained by registering
a predetermined target image with the first ultrasound
image;

an inputter configured to receive a command for setting, in

the first ultrasound image, a target area to which target
therapy is to be applied to the object; and

an image processor configured to compare the first ultra-

sound image to a second ultrasound image acquired after
ultrasonic waves have been irradiated to a target part
corresponding to the target area, and to detect at least one
of an area into which the therapeutic agents of the ultra-
sound contrast agents have been delivered, and an
amount of the therapeutic agents delivered into the area.

10. The ultrasonic imaging apparatus according to claim 9,
wherein the image processor further comprises a detector
configured to compensate for ultrasonic attenuation of the
first ultrasound image and the second ultrasound image
according to alocation ofthe lesion, and to detect an area with
reduced brightness in the second ultrasound image compared
to a corresponding area in the first ultrasound area, as the area
into which the therapeutic agents have been delivered.

11. The ultrasonic imaging apparatus according to claim
10, wherein the display is configured to display an area divid-
ing line indicating the detected area in the second ultrasound
image in order to distinguish the detected area from a remain-
ing area of the second ultrasound image other than the
detected area, and display an area dividing line indicating an
area of the registered image, corresponding to the detected
area, in the registered image.

12. The ultrasonic imaging apparatus according to claim
10, wherein the detector is configured to detect the amount of
the therapeutic agents delivered into the detected area, based
on a reduced degree in brightness of the detected area.

13. The ultrasonic imaging apparatus according to claim
12, wherein the display is configured to display information
about the amount of the therapeutic agents delivered into the
detected area.
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14. The ultrasonic imaging apparatus according to claim 9,
wherein the image processor further comprises a detector
configured to compensate for ultrasonic attenuation of the
first ultrasound image according to a location of the lesion,
and to detect an area including at least one pixel having a
brightness value greater than a reference value in the first
ultrasound image, as the lesion.

15. The ultrasonic imaging apparatus according to claim
14, wherein the display is configured to display the detected
lesion as overlapping with the registered image at a location
corresponding to the detected lesion in the registered image.

16. The ultrasonic imaging apparatus according to claim
14, wherein the detector is configured to detect the amount of
the ultrasound contrast agents bound to the lesion, based on
brightness of the detected lesion.

17. The ultrasonic imaging apparatus according to claim
15, wherein the display is configured to display information
about the amount of the ultrasound contrast agents bound to
the lesion.

18. The ultrasonic imaging apparatus according to claim 9,
wherein the display is configured to display, in at least one
area among the target area and an area of the registered image
corresponding to the target area, an area dividing line for
distinguishing the at least one area from a remaining area
other than the at least one area.

19. The ultrasonic imaging apparatus according to claim 9,
wherein the display is configured to display, in at least one
area among an area into which the therapeutic agents have
been delivered and an area of the registered area correspond-
ing to the area into which the therapeutic agents have been
delivered, an area dividing line for distinguishing the at least
one area from a remaining area other than the at least one area.

20. The ultrasonic imaging apparatus according to claim 9,
wherein the display is configured to display the first ultra-
sound image and the registered image as overlapping with
each other, after at least one attribute selected from at least
one attribute of the first ultrasound image and at least one
attribute of the registered image is adjusted.

ok % k&



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

B R R IR & R B 5R

US20150105658A1 [ (r&)B 2015-04-16
US14/515629 FER 2014-10-16
ZERETFHRASH

SAMSUNG ELECTRONICS CO. , LTD.

SAMSUNG ELECTRONICS CO. , LTD.

[1‘/‘?\]5{1 A PARK SUNG CHAN
KANG JOO YOUNG
KIM KYU HONG
KIM JUNG HO
PARK SU HYUN
A8 A PARK, SUNG CHAN
KANG, JOO YOUNG
KIM, KYU HONG
KIM, JUNG HO
PARK, SU HYUN
IPCo kS A61M37/00 A61K49/22 A61B8/00 A61B8/08
CPCH S A61B8/481 A61K49/223 A61B8/5223 A61B8/085 A61B8/461 A61M37/0092
Ly % 1020130123558 2013-10-16 KR
SNEBEEHE Espacenet  USPTO
he~ 4
AR o ‘ WL
AR BATF T — Kb T 38 B AROAST MR ISR & R LRI, A il
EREREAE  AAR WEBNENATES BERETEES G

BABFETHNKRNWERKENGT , ZFE - BFRGRHEEES
EEHHE. BN SR REENGENBELER  WRENNE—
BEEGSEBFRCLRHEISBIRXEN ML BIRE0 2 FHRM
F_HEFERGHTHER , HERAWETF ELWBEINXERNED
— NN —EERVETT HWHE A& X

s o] “ml

)
{



https://share-analytics.zhihuiya.com/view/ca5564cd-1a44-4fb9-a567-18ae3b3c3f4f
https://worldwide.espacenet.com/patent/search/family/052810247/publication/US2015105658A1?q=US2015105658A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150105658%22.PGNR.&OS=DN/20150105658&RS=DN/20150105658

