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(7) ABSTRACT

Disclosed herein is an ultrasound imaging apparatus and a
controlling method thereof. The ultrasound imaging appara-
tus includes a controller configured to generate a control
signal to control an operation of a probe, and a transceiver
configured to transmit the control signal to the probe and to
receive a signal transmitted from the probe. The controller
may control the operation of the probe so that the probe may
irradiate focused ultrasound energy when contrast agents
composed of a silica nanostructure are injected into an object,
and the controller may control the operation of the probe so
that the probe may irradiate diagnostic ultrasound energy
when the focused ultrasound energy is irradiated.
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Fig. 9A
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PROBE, ULTRASOUND IMAGING
APPARATUS AND CONTROLLING METHOD
OF THE ULTRASOUND IMAGING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0166059, filed on Nov. 26, 2014 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 relate to a probe that is
configured to transmit and receive ultrasound energy, an
ultrasound imaging apparatus that is configured to generate
an ultrasonic image, and a control method of the ultrasound
imaging apparatus.

[0004] 2. Description of Related Art

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

[0006] Theultrasound imaging apparatus is compact, inex-
pensive, and capable of displaying a diagnostic imaging
immediately, as compared with another type of diagnostic
imaging apparatus, e.g., X-ray device, Computerized Tomog-
raphy (CT) scanner, Magnetic Resonance Image (MRI), diag-
nostic nuclear medical apparatus. In addition, the ultrasound
imaging apparatus is safe because there is no risk of radiation
exposure. Therefore, the ultrasound imaging apparatus is
widely used in medical examination at maternity, cardiology,
abdomen, and urology clinics.

[0007] To acquire images of the inside of an object, the
ultrasound imaging apparatus may include an ultrasonic
probe configured to irradiate ultrasound energy to the object
and to receive echo ultrasound energy reflected from the
object, and a main body configured to generate an ultrasonic
image.

[0008] When examining an object using an ultrasound
imaging apparatus, contrast agents may be used. The contrast
agents may be injected into a blood vessel in the object, and
may stably act with the ultrasound energy while circulating in
the blood vessel.

[0009] A probe may receive echo ultrasound energy
reflected by the object in which the ultrasonic contrast agent
is injected, and may convert the echo ultrasound energy into
an electrical signal. A main body may generate contrast agent
images to detect an area in which the contrast agents are
injected, based on the electrical signal outputted from the
probe.

SUMMARY

[0010] Therefore, it is an aspect of one or more exemplary
embodiments to provide an ultrasound imaging apparatus
capable of generating a contrast agent image to detect con-
trast agents injected into an object, generating a diagnostic
image to diagnose inside the object, and generating a com-
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bined image of the contrast agent image and the diagnostic
image, and a control method of the ultrasound imaging appa-
ratus.

[0011] It is another aspect of one or more exemplary
embodiments to provide a probe that is capable of irradiating
focused ultrasound energy to activate contrast agents, detect-
ing the contrast agents, and receiving echo ultrasound energy
to diagnose inside an object.

[0012] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the exem-
plary embodiments.

[0013] In accordance with one aspect, an ultrasound imag-
ing apparatus includes a controller configured to generate a
control signal to control an operation of a probe, and a trans-
ceiver configured to transmit the control signal to the probe
and to receive a signal transmitted from the probe, wherein
the controller may be further configured to control the opera-
tion of the probe so that the probe may irradiate focused
ultrasound energy when at least one contrast agent composed
of a silica nanostructure is injected into an object, and the
controller may be further configured to control the operation
of the probe so that the probe may irradiate diagnostic ultra-
sound energy when the focused ultrasound energy is irradi-
ated.

[0014] The controller may be further configured to control
the operation of the probe so that high intensity focused
ultrasound (HIFU) energy may be irradiated as the focused
ultrasound energy.

[0015] The controller may be further configured to control
the operation of the probe so that echo ultrasound energy
reflected from an object may be received when the diagnostic
ultrasound energy is irradiated.

[0016] The ultrasound imaging apparatus may further
include an image processor configured to generate an ultra-
sound image based on an electrical signal when the trans-
ceiver receives the electrical signal that corresponds to the
echo ultrasound energy.

[0017] The image processor may be further configured to
generate a contrast agent image and an internal diagnostic
image according to a set diagnostic mode.

[0018] The image processor may be further configured to
generate a combined image by combining the contrast agent
image with the internal diagnostic image.

[0019] The ultrasound imaging apparatus may further
include a display configured to display the combined image.
[0020] The image processor may be further configured to
extract a target tissue from the contrast agent image and to
combine the target tissue with the internal diagnostic image.
[0021] The image processor may be further configured to
generate a volume rendering image of the target tissue.
[0022] The image processor may be further configured to
detect a target tissue from the contrast agent image and to
detect at least one surrounding tissue from the internal diag-
nostic image, and to combine a contrast agent image of the
target tissue with an internal diagnostic image of the at least
one surrounding tissue.

[0023] The image processor may be further configured to
perform an image post-processing operation with respect to
the contrast agent image and the internal diagnostic image.
[0024] The image post-processing operation may include
correcting or readjusting at least one from among a contrast,
a brightness and a sharpness in each of the contrast agent
image and the internal diagnostic image.
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[0025] The image processor may be further configured to
generate a Cadence Pulse Sequencing mode (CPS-mode)
image as a contrast agent image, and a Brightness mode
(B-mode) image as an internal diagnostic image.

[0026] The ultrasound imaging apparatus may further
include an input device configured to receive a selection of an
image mode from a user, wherein the image processor may be
further configured to generate the contrast agent image when
a first image mode is selected, and to generate the internal
diagnostic image when a second image mode is selected.
[0027] The display may be further configured to display
diagnosis data related to the target tissue.

[0028] The ultrasound imaging apparatus may further
include an input device configured to receive a magnification
of the combined image from a user, wherein the display may
be further configured to display a target point that is enlarged
or reduced according to the received magnification.

[0029] The at least one contrast agent may include a shell
composed of a silica nanostructure, and a core composed of a
liquid perfluorocarbon or a gas perfluorocarbon.

[0030] A size ofthe shell may be equal to or greater than 10
nanometers and equal to or less than 3000 nanometers.
[0031] Inaccordance with another aspect, a probe includes
a transducer configured to activate at least one contrast agent
by irradiating focused ultrasound energy toward an object
when the at least one contrast agent composed of a silica
nanostructure is injected into the object, and to irradiate diag-
nostic ultrasound energy toward the object when the focused
ultrasound energy is irradiated, and a transceiver configured
to receive a control signal to control the transducer,

[0032] Inaccordance with another aspect, a control method
which s executable by using an ultrasound imaging apparatus
includes controlling an operation of a probe to irradiate
focused ultrasound energy when at least one contrast agent
composed of a silica nanostructure is injected into an object,
and controlling an operation of the probe to irradiate diagnos-
tic ultrasound energy when the focused ultrasound energy is
irradiated,

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee. These and/or other aspects will become apparent and
more readily appreciated from the following description of
exemplary embodiments, taken in conjunction with the
accompanying drawings of which:

[0034] FIG. 1 is a perspective view illustrating an ultra-
sound imaging apparatus, in accordance with an exemplary
embodiment;

[0035] FIG. 2 is a control block diagram illustrating the
ultrasound imaging apparatus, in accordance with an exem-
plary embodiment;

[0036] FIG. 3A is a schematic view illustrating a structure
of contrast agents;

[0037] FIGS. 3B and 3C are captured images of contrast
agents;
[0038] FIGS. 4A, 4B, and 4C are views illustrating a pro-

cess of activating contrast agents by using ultrasound energy
irradiated from a transducer;

[0039] FIGS. 5A, 5B, 6A, and 6B are views illustrating a
process of activating contrast agents injected into a target
tissue;
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[0040] FIG. 7 is a view illustrating a B-mode image gener-
ated by an imaging processor;

[0041] FIG. 8 is a view illustrating a cadence pulse
sequencing mode (CPS-mode) image generated by an imag-
ing processor;

[0042] FIGS. 9A, 9B, 9C, 9D, 10, 11, and 12 are views
illustrating combined images of the B-mode image and the
CPS-mode image generated by an imaging processor;
[0043] FIGS. 13A, 13B, and 13C are views illustrating a
process of generating a combined image based on an area
selected by a user;

[0044] FIG. 14 is a view illustrating a process of generating
a combined image by performing volume rendering to an
image of a target tissue;

[0045] FIG. 15 is a view illustrating a condition in which a
display unit is used;

[0046] FIG. 16 is a view illustrating a combined image
displayed by a display unit;

[0047] FIG. 17 is a flow chart illustrating a control method
of an ultrasound imaging apparatus, in accordance with an
exemplary embodiment, when irradiating ultrasound to an
object;

[0048] FIG. 18 is a flow chart illustrating a control method
of an ultrasound imaging apparatus, according to an exem-
plary embodiment, when receiving echo ultrasound reflected
from an object;

[0049] FIG. 19 is a flow chart illustrating a method for
generating a combined image, according to an exemplary
embodiment; and

[0050] FIG. 20 is a flow chart illustrating a control method
of an ultrasound imaging apparatus, in accordance with
another exemplary embodiment.

DETAILED DESCRIPTION

[0051] Thepresentinventive concept will now be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments are shown. The present
inventive concept may, however, be embodied in many dif-
ferent forms and should not be construed as being limited to
the exemplary embodiments set forth herein; rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
present inventive concept to those of skill in the art. Like
reference numerals in the drawings denote like elements, and
thus their description will be omitted. In the description, if it
is determined that a detailed description of commonly-used
technologies or structures related to the exemplary embodi-
ments may unnecessarily obscure the subject matter of the
exemplary embodiments, the detailed description will be
omitted. It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section.

[0052] Exemplary embodiments will now be described
with reference to accompanying drawings.

[0053] FIG. 1 is a perspective view illustrating an ultra-
sound imaging apparatus, in accordance with an exemplary
embodiment, and FIG. 2 is a control block diagram illustrat-
ing the ultrasound imaging apparatus, in accordance with an
exemplary embodiment.
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[0054] Asillustrated in FIGS. 1 and 2, an ultrasound imag-
ing apparatus 10 may include a probe 100, and a main body
200. The main body 200 may include an analog-digital con-
verter 205, a beamformer 210, a signal processor 220, an
image processor 230, a control unit (also referred to herein as
a “controller”) 240, a storage unit (also referred to herein as a
“storage device” and/or as a “storage”) 250, a display unit
(also referred to herein as a “display device” and/or as a
“display”) 300 and an input unit (also referred to herein as an
“input device”) 400.

[0055] Hereinafter the probe 100 provided in the ultra-
sound imaging apparatus 10 will be described.

[0056] The probe 100 may include at least one transducer
110, and may be configured to irradiate focused ultrasound
energy and diagnostic ultrasound energy toward an object.
The probe 100 may be configured to receive echo ultrasound
energy reflected from the object, and to convert the received
ultrasound energy into an electrical signal or vice versa.
[0057] An object may include any of a living body of a
human or animal, tissues in the living body, such as blood
vessels, bones, muscles, etc., butis not limited thereto. There-
fore, anything whose internal structure may be imaged by the
ultrasound imaging apparatus 10 may be the object.

[0058] Diagnostic ultrasound energy may represent ultra-
sound energy irradiated from the probe 100 in order to gen-
erate diagnostic images used to examine or diagnose the
inside of an object ob according to a diagnostic mode selected
by the main body 200, or in order to generate a contrast agent
image used to detect contrast agents injected into a target
tissue.

[0059] A diagnostic mode may include an Amplitude mode
(A-mode), a Brightness mode (B-mode), a Doppler mode
(D-mode), an Elastography mode (E-mode), a Motion mode
(M-mode), and a Cadence Pulse Sequencing mode (CPS-
mode), but is not limited thereto. The diagnostic mode may
include a mode (hereinafter referred to as a combined mode)
to generate an image that combines two or more images of an
A-mode, a B-mode, a D-mode, an E- ode, a M-mode, and a
CPS-mode.

[0060] The diagnostic ultrasound energy may have differ-
ent frequency bands or energy intensities with respect to each
other according to the diagnostic mode.

[0061] In comparison with the diagnostic ultrasound
energy, focused ultrasound energy may be a single pulse
having ashort time to be applied and being applied by focused
at a target point. For example, the focused ultrasound energy
may have a pulse width of greater than 20 microseconds (us)
and less than 50 ps, and may have a center frequency of
greater than 800 kHz. The focused ultrasound energy may be
realized by high intensity focused ultrasound (HIFU) energy,
and may generate an energy intensity that is greater than 3
MPa at a target point. The focused ultrasound energy may
generate heat at the target point by applying a high energy
intensity to the target point. Hereinafter high intensity
focused ultrasound energy will be described as an example of
focused ultrasound energy.

[0062] The focused ultrasound energy may be irradiated
toward the object ob to activate one or more contrast agents,
which will be described below with reference with FIGS. 3
and 4.

[0063] Echo ultrasound energy may represent ultrasonic
waves reflected from an object ob upon which diagnostic
ultrasound energy is irradiated, and may have various fre-
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quency bands and various energy intensities to generate vari-
ous ultrasound images according to the diagnostic mode.
[0064] Contrast agent is a material that reacts to ultrasound
energy and may be injected into a blood vessel (e.g., vein) of
the object ob. Hereinafter a structure of contrast agents will be
described with reference with FIGS. 3A and 3B. FIG. 3A s a
schematic view illustrating a structure of contrast agents, and
FIGS. 3B and 3C are captured images of contrast agents.
[0065] Referring to FIGS. 3A and 3B, a contrast agent 500
may include a shell 510 and a core 520. The shell 510 may be
formed of a material having biocompatibility and may sur-
round core material. The core 520 may be formed of a mate-
rial which generates echo ultrasound energy that has stronger
reflectance than that of a surrounding by reacting to incident
ultrasound energy.

[0066] For example, as illustrated in FIG. 3A, the contrast
agent 500 may include the shell 510 composed of a silica
nanostructure, and the core 520 composed of a perfluorocar-
bon (PFC).

[0067] The shell 510 composed of a silica nanostructure
may have a diameter which is greater than 10 nanometers
(nm) and less than 3000 nm, e.g., a diameter that is smaller
than that of blood vessels in the vicinity of a tumor and greater
than that of normal blood vessels. Accordingly, the shell 510
composed of a silica nanostructure may permeate a tumor via
blood vessels near the tumor that are 1ooser than normal blood
vessels, so that the shell 510 may be selectively stored on a
target tissue, such as a tumor and a cancer.

[0068] The shell 510 composed of a silica nanostructure
may not be discharged through a liver and kidneys or may not
be evaporated through lungs. Accordingly, the shell 510 com-
posed of a silica nanostructure may have a high stability and
a long residence time in a living body.

[0069] The transducer 110, according to an exemplary
embodiment, may dissolve the shell 510 by irradiating high
intensity focused ultrasound energy to the shell 510 com-
posed of a silica nanostructure, and thus the core 520 sur-
rounded by the shell 510 may be scattered.

[0070] For example, the transducer 110 may dissolve the
shell 510 by irradiating high intensity focused ultrasound
energy to the shell 510 of the contrast agent 500, which is
stacked on a target tissue, such as a tumor and a cancer,
according to a control signal received from the main body
200, and thus the core 520 surrounded by the shell 510 may be
scattered in the target tissue.

[0071] The core 520 may include either or both of a liquid
perfluorocarbon (liquid PFC) and a gas perfluorocarbon (gas
PFC). A perfluorocarbon has a low viscosity, a low surface
tension, a good spreadability (low attractive force), a high
fluidity, a low dielectric constant, a high vapor pressure, a
high compressibility and a high gas solubility. In addition, a
perfluorocarbon may have a high density, antifriction prop-
erties, and magnetic susceptibility values. Perfluorocarbons
are generally not harmful to human body, even in relatively
large amounts thereof. Pure perfluorocarbons having a
molecular weight within a range from 460 Da to 520 Da may
be nonpoisonous and may not cause cancers, mutation, mal-
formation, and an immune reaction.

[0072] A perfluorocarbon may include a perfluorochemical
having one end terminal selected from a group including
thiol, phosphine and phosphine oxide, or amphiphilic fluori-
nated hydrocarbon, and may include any one selected from
among a group including perfluorinated alcohol phosphate
ester and salt thereof, perfluorinated sulfonamide alcohol
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phosphate ester and salt thereof, perfluorinated alkyl sulfona-
mide alkylene quaternary ammonium salt, N,N-(carboxyl-
substituted lower alkyl) perfluorinated alkyl sulfonamide,
and a mixture thereof, but is not limited thereto.

[0073] In this case, perfluorinated alcohol phosphate ester
may include mono- or bis-(1H,1H,2H,2H-perfluoroalkyl
phosphate)-derived free acid of diethanolamine salt.

[0074] A perfluorinated sulfonamide alcohol phosphate
ester may include any one selected from among a group
including perfluoro-n-octyl-Nethysulfonamidoethyl phos-
phate, bis(perfluoro-n-octyl-N-ethylsulfonamidoethyl) phos-
phate, the ammonium salt of bis(perfluoro-n-octyl-N-ethyl-
sulfonamidoethyl)phosphate, bis(perfluorodecyl-N-
ethylsulfonamidoethyl)phosphate, and bis(perfluorohexy-N-
ethylsulfonamidoethyl)phosphate, but is not limited thereto.
[0075] A gas perfluorocarbon may have a strong reflectance
against ultrasound energy. Therefore, when the gas perfluo-
rocarbon is injected into a target tissue, diagnostic ultrasound
energy irradiated from the transducer 110 may be reflected
from the target tissue as echo ultrasound energy that has a
high energy intensity while being reflected in a nonlinear
manner due to a variable reflectance from a surrounding
tissue. The echo ultrasound energy reflected in a nonlinear
manner may have harmonic content.

[0076] When the transducer 110 acquires echo ultrasound
energy that has a high energy intensity from the target tissue,
the main body 200 may generate ultrasound images having
high contrast due to a variable reflectance from a surrounding
tissue. When the transducer 110 acquires echo ultrasound
energy that includes harmonic content, the main body 200
may generate high resolution ultrasound images in compari-
son with acquiring basic frequency content. A gas perfluoro-
carbon injected into a target tissue will be described below
with reference with FIG. 5.

[0077] Meanwhile, when the core 520 is composed of a
liquid perfluorocarbon, the transducer 110 according to an
exemplary embodiment may irradiate high intensity focused
ultrasound energy to the core 510 so that the liquid perfluo-
rocarbon may be evaporated.

[0078] In this case, the transducer 110 may dissolve the
shell 510 and evaporate liquid perfluorocarbon by irradiating
high intensity focused ultrasound energy to the contrast
agents 500 including the shell 510 composed of a silica nano-
structure, and thus the core 520 surrounded by the shell 510
may be scattered and may be activated to be a gas perfluoro-
carbon.

[0079] Hereinafter, a process of activating the contrast
agents 500 will be described in detail with reference with
FIGS. 4A, 4B, and 4C.

[0080] FIGS. 4A, 4B, and 4C are views illustrating a pro-
cess of activating contrast agents by using ultrasound energy
irradiated from a transducer. As illustrated in FIGS. 4A, 4B,
and 4C, the core 520 composed of a liquid perfluorocarbon
will be described, but is not limited thereto. The core 520 may
be composed of a gas perfluorocarbon.

[0081] As illustrated in FIG. 4A, when the transducer 110
irradiates high intensity focused ultrasound energy to the
contrast agents 500, the shell 510 composed of a silica nano-
structure may be dissolved and the core 520 composed of a
liquid perfluorocarbon may be evaporated into a gas perfluo-
rocarbon, wherein the shell 510 and the core 520 are included
in the contrast agents 500. Accordingly, the contrast agents
500 may be activated.
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[0082] As illustrated in FIG. 4C, when the transducer 110
irradiates diagnostic ultrasound energy to the contrast agents
500, the diagnostic ultrasound may be reflected by the gas
perfluorocarbon (echo ultrasound energy may be generated).
[0083] In this case, the gas perfluorocarbon may include
many bubbles so that the ultrasound energy may be reflected
in various directions when the diagnostic ultrasound energy is
irradiated.

[0084] When the gas perfluorocarbon is injected into the
target tissue, the target tissue may generate echo ultrasound
energy that includes a higher energy intensity and a nonlinear
content in comparison with the surrounding tissue.

[0085] FIGS. 5A, 5B, 6A, and 6B are views illustrating a
process of activating contrast agents injected into a target
tissue.

[0086] Referringto FIG. 5A, the contrastagents 500, which
include the shell 510 composed of a silica nanostructure and
the core 520 composed of a liquid perfluorocarbon, may
remain without deformation during a certain period of time
after injected into blood vessels of an object ob so as to be
introduced to a target tissue, such as a tumor and a cancer,
from the surrounding tissues.

[0087] As illustrated in F1G. 5B, when the transducer 110
irradiates high intensity focused ultrasound energy to a target
tissue according to a control signal of the main body 200, the
shells 510 of the contrast agents 500 may be dissolved and
liquid perfluorocarbon may be evaporated so that the contrast
agents 500 may be activated, as illustrated in FIG. 6A.
[0088] Inthis case, the transducer 110 may be supplied with
a current from an external power supply or an internal elec-
tricity storage device, e.g., a battery, and may generate high
intensity focused ultrasound energy, which is focused and
irradiated to a target tissue, while causing vibrations in trans-
ducer elements (not shown) provided in the transducer 110
according to a first control signal of the main body 200.
[0089] As illustrated in FIG. 6B, the transducer 110 may
irradiate diagnostic ultrasound energy to a target tissue and
surrounding tissues, and may receive echo ultrasound energy
reflected from the target tissue and the surrounding tissues.
The transducer 110 may convert the echo ultrasound energy
into an electrical signal, and the electrical signal may be
transmitted to the main body 200 via cables and male con-
nectors of the probe 100 of FIG. 1.

[0090] Inparticular, the transducer 110 may generate diag-
nostic ultrasound energy which is irradiated to the surround-
ing tissues and the target tissue while causing vibrations in
transducer elements provided in the transducer 110 according
to a second control signal of the main body 200.

[0091] Each transducer element may receive again echo
ultrasound energy reflected from the surrounding tissues and
the target tissue in the object ob by the diagnostic ultrasound
energy, and may generate a current having frequency corre-
sponding to a vibration frequency while vibrating according
to received echo ultrasound energy.

[0092] The transducer 110 may include any of a Magneto-
strictive Ultrasonic Transducer (MUT) that uses magneto-
strictive effects of a magnetic substance, a Piezoelectric
Ultrasonic Transducer (PUT) that uses piezoelectric effects
of a piezoelectric substance, piezoelectric micromachined
ultrasonic transducer, (pMUT), and/or a Capacitive Micro-
machined Ultrasonic Transducer (¢cMUT) that transmits and
receives ultrasound energy using vibrations of several hun-
dreds or thousands of micromachined thin films.
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[0093] The transducer 100 may include any of linear array,
convex array, phased artay, sector array transducers, etc.,
which may be arranged in a form of a row or a matrix. When
the transducer 1101s arranged in a row, it may be swung in the
elevation direction to obtain multiple ultrasound images; and
when it is arranged in a form of a matrix, multiple ultrasound
images may be obtained from a single transmission of ultra-
sound energy.

[0094] However, the transducer 110 is not limited thereto,
and may be implemented with any other types of transducers
known to persons of ordinary skill in the art.

[0095] Referring againto FIG. 1, the probe 100 may further
include a cable 120 and a male connector 130.

[0096] One end of the cable 120 may be connected to the
transducer 110, and the other end of the cable may be con-
nected to the male connector so that the cable 120 may con-
nect the transducer 110 to the male connector 130.

[0097] The male connector 130 may be physically coupled
to a female connector 201 of the main body 200 by being
connected to the other end of the cable.

[0098] The male connector 130 may act as a transmitting/
receiving unit (also referred to herein as a “transceiver™)
configured for transmitting an electrical signal generated by
the transducer 110 to the female connector 201 physically
coupled thereto, and/or for receiving a control signal gener-
ated by the main body 200 from the female connector 201.
[0099] However, when the probe 100 is realized by a wire-
less probe 110, the cable 120 and the male connector 130 may
be omitted, and a separated wireless communication module
(not shown) provided in the probe 100 may act as the trans-
mitting/receiving unit. Therefore, a type of the probe 100 may
be not limited to the probe 100 of FIG. 1.

[0100] Hereinafter the main body 200 will be described
with reference with FIGS. 1 and 2.

[0101] As illustrated in FIG. 1, the main body 200 may be
realized by a work station connected to the probe 100 and
provided with the display unit 200 and the input unit 400.
[0102] The main body 200 may accommodate a primary
component of the ultrasound imaging apparatus 10, such as
the beamformer 210. When a user inputs an ultrasonic diag-
nosis command according to a diagnostic mode, the main
body 200 may generate a control signal and transmit the
control signal to the probe 100.

[0103] Hereinafter each component placed or provided in
the main body 200 will be described. Referring to FIG. 2, the
main body 200, according to an exemplary embodiment, may
include the female connector 201, the analog-digital con-
verter 205, the beamformer 210, the image processor 230, the
control unit 240, and the storage unit 250.

[0104] The female connector 201 may act as a transmitting/
receiving unit (also referred to herein as a “transceiver”) of
the main body 200 which is configured to transmit and/or
receive a signal generated by the female connector 201 and
the probe 100 to each other. For this purpose, the main body
200 may include one or more the female connector 201 and
the female connector 201 may be connected to the probe 100
via the cable 120 and the male connector 130.

[0105] Theanalog-digital converter 205 may be configured
to convert an analog signal outputted from the transducer 110
into a digital signal.

[0106] The beamformer 210 may include a pulser 211
which is configured for generating alternating current (AC)
energy (i.e., apulse) to drive the transducer 110, a pulse delay
unit (also referred to herein as a “pulse delayer”) 122 config-
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ured for forming a transmission signal pattern by applying a
delay time to a pulse according to an ultrasound focal point
and a steering angle, an echo delay unit (also referred to
herein as an “echo delayer”) 213 configured for applying a
delay time to a digital signal of each of transducer elements
provided in the transducer according to an ultrasound focal
point and a steering angle, and an adder 127 configured for
adding a time-delayed digital signal of each of the transducer
elements.

[0107] Hereinafter components included in the beam-
former 210 will be described.

[0108] Thenumber of the pulser 211 may correspond to the
number of transducer elements provided in the transducer
110.

[0109] For example, the pulser 211 may generate voltage
pulses having widths ranging from -80V to +80 V or from 0
V or 200V as a transmission pulse, and may input the voltage
pulse to each of the transducer elements provided in the
transducer 110. Accordingly the transducer 110 may irradiate
focused ultrasound energy and diagnostic ultrasound energy.

[0110] The number of the pulse delay unit 212 may corre-
spond to the number of transducer elements provided in the
transducer 110.

[0111] The pulse delay unit 212 may apply a delay time to
each of the transducer elements so that each of the pulses
generated by the pulser 211 may reach a focal point. In this
case, the focal point may be provided in plural, and the plu-
rality of focal points may be formed in a single scan line. A
time delayed voltage pulse may be inputted as a transmission
pulse to each of the transducer elements provided in the
transducer 110.

[0112] When the transducer 10 receives echo ultrasound
energy after completing irradiating diagnostic ultrasound
energy, the echo delay unit 213 may receive a digital signal
corresponding to echo ultrasound energy from the analog-
digital converter 205, and may delay a time of a digital signal
of each of the transducer elements provided in the transducer
110 based on a focal point and a steering angle of ultrasound
against a target point.

[0113] For example, the echo delay unit 213 may flexibly
set a delay frequency based on at least one parameter from
among whether two dimensional transducer array 110 is
included, a depth of focal point, a steering angle, a gauge size,
and the number of activated transducer elements. The echo
delay unit 213 may apply a delay time to the digital signal of
each of the transducer elements provided in the transducer
110 according to a set delay frequency.

[0114] Meanwhile, FIG. 2 illustrates that a digital signal
converted by the analog-digital converter 205 is inputted to
the echo delay unit 213, but a sequence is not limited thereto.
An analog signal delayed in the echo delay unit 213 may be
inputted to the analog-digital converter 205.

[0115] Theadder 214 may add a digital signal of each ofthe
transducer elements provided in the transducer 110, in which
adelay time is applied by the echo delay unit 213, to focus as
a single digital signal. The focused digital signal may be
outputted from the probe 100 to be transmitted to the signal
processor 220 of the main body 200, and may be subjected to
various image processing operations in order to generate
ultrasound images by the image processor 230 after signal
processing which is performed by the signal processor 220.
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[0116] As illustrated in FIG. 2, the analog-digital converter
205 is placed inside the main body 200, but is not limited
thereto. The analog-digital converter 205 may be placed
inside the probe 100.

[0117] In the ultrasound imaging apparatus 10, the beam-
former 210 may be provided in the main body 200 in corre-
spondence to a back-end, as mentioned above or may be
provided in the probe 100 in correspondence to a front-end.
According to exemplary embodiments, all or some compo-
nents of the beamformer 210 may be any placed in a front-end
or a back-end.

[0118] The signal processor 220 may convert a focused
digital signal received from the probe 100 into a signal which
is in a proper form for image processing. For example, the
signal processor 220 may perform filtering to remove a noise
signal from outside of a desired frequency band.

[0119] Thesignal processor 220 may be realized by a Digi-
tal Signal Processor (DSP) and may generate ultrasound
images by performing envelope detection processing config-
ured to detect an echo ultrasound size based on a focused
digital signal.

[0120] The image processor 230 may generate images
based on ultrasound image data generated by the signal pro-
cessor 220 so that a user, such as a doctor and a patient, may
visually examine an object ob, such as the inside of the human
body.

[0121] The image processor 230 may generate an internal
diagnostic image which is usable to diagnose the inside of an
object ob, a contrast agent image which is usable to detect the
contrast agents 500 injected in an object ob, and a combined
image of the internal diagnostic image and a contrast agent
image according to a diagnostic mode.

[0122] The internal diagnostic mode may include at least
oneimage from among an Amplitude mode (A-mode) image,
a Brightness mode (B-mode) image, a Doppler mode
(D-mode) image, an Elastography mode (E-mode) image, a
Motion mode (M-mode) image.

[0123] The contrast agent image may be a Cadence Pulse
Sequencing mode (CPS-mode) image.

[0124] The combined image may include an image that
combines at least one image of an A-mode image, a B-mode
image, a D-mode image, a E-mode image, and a M-mode
image, and a CPS-mode image.

[0125] Hereinafter a B-mode image will be described as an
example of an internal diagnostic image, a CPS-mode image
will be described as an example of a contrast agent image, and
an image that combines a B-mode image and a CPS-mode
image will be described as an example of a combined image.
[0126] FIG. 7 is a view illustrating a B-mode image gener-
ated by an imaging processor, F1G. 8 is a view illustrating a
CPS-mode image generated by an imaging processor, FIGS.
9A,9B,9C, 90,10, 11, and 12 are views illustrating combined
images of the B-mode image and the CPS-mode image gen-
erated by an imaging processor, and FIG. 13 is a view illus-
trating a process of generating a combined image based on an
area selected by a user.

[0127] According to an exemplary embodiment, the image
processor 230 may generate a B-mode image so that a size of
echo ultrasound reflected from an object ob, in which diag-
nostic ultrasound is irradiated, is converted into a brightness
and displayed on an image, as illustrated in FIG. 7.

[0128] A user may confirm overall internal tissues of the
object ob by using a B-mode image displayed on the display
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unit 300. In this aspect, the user may confirm information
about surrounding tissues as well as a target tissue by using
the B-mode image.

[0129] According to an exemplary embodiment, the image
processor 230 may detect echo ultrasound energy having
strong energy intensity to detect the contrast agents 500
injected into a target tissue, and may generate a CPS-mode
image so that an energy intensity of the contrast agents 500
may be converted into a brightness and displayed on the
display unit 300, as illustrated in FIG. 8.

[0130] Referring to FIG. 8, when the contrast agents 500
including the shell 510 composed of a silica nanostructure,
and the core 520 composed of perfluorocarbon are injected
into blood vessels of an object ob, and when high intensity
focused ultrasound energy is irradiated to a target tissue T, the
contrast agents 500 may be activated in the target tissue T
(Day 0).

[0131] According to the activation of the contrast agents
500, bubbles of gas perfluorocarbon may reflect diagnostic
ultrasound energy and generate echo ultrasound energy. In
this case, the image processor 230 may generate a CPS mode
image so that the contrast agents 500 having strong bright-
ness, which corresponds to strong echo ultrasound energy,
may be displayed on the target tissue T (Day 2, Day 3).
[0132] As time passes, the contrast agents 500 may be
dissolved or discharged from the object ob. In this case, the
image processor 230 may generate a CPS-mode image so that
a target tissue T may be displayed to be dark (Day 4).
[0133] Inaddition, the image processor 230 may improve a
contrast of the CPS-mode image so that the target tissue T, in
which the contrast agents 500 is injected, may be displayed to
be brighter than the surrounding tissues.

[0134] Meanwhile, an echo ultrasound intensity may be
displayed in a brightness in a CPS mode image of FIG. 8, but
is not limited thereto. An echo ultrasound intensity may be
displayed in a color, or in any of various ways in a CPS mode
image.

[0135] A user may confirm a location and a size of a target
tissue by using a CPS-mode image displayed on the display
unit 300.

[0136] According to an exemplary embodiment, the image
processor 230 may generate a combined image (as shown in
FIG. 9D) that combines a B-mode image (i.e., FIG. 9B) and a
CPS-mode image (i.e., FIG. 9C), as illustrated in FIGS. 9A,
9B, 9C, and 9D.

[0137] In a case a tissue of an object ob is present, as
illustrated in FIG. 9A, and when irradiating diagnostic ultra-
sound energy to the object, the image processor 230 may
generate a B-mode image of FIG. 9B based on echo ultra-
sound energy.

[0138] In addition, when the contrast agents 500 are
injected into an object ob and high intensity focused ultra-
sound energy and diagnostic ultrasound energy are irradiated
to the object ob, the image processor 230 may generate a
CPS-mode image of FIG. 9C based on echo ultrasound
energy. The CPS-mode image may display the contrast agent
500 selectively stacked on a target tissue to be bright, as
illustrated in FIG. 9C.

[0139] Inaddition, the image processor 230 may generate a
combined image that combines a B-mode image and a CPS-
mode image, as illustrated in FIG. 9D.

[0140] In this case, the image processor 230 may extract a
pixel having a brightness that is greater than a predetermined
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threshold from a CPS-mode image, as illustrated in FIG. 10,
and may combine the extracted pixel with a B-mode image.
[0141] As illustrated in FIG. 11, the image processing unit
230 may combine a CPS-mode image having improved a
contrast, a brightness, or a sharpness, and a B-mode image
having reduced a contrast, a brightness, or a sharpness.
Accordingly, the contrast agents 500 injected into a target
tissue T may be displayed more clearly and the surrounding
tissue S may be displayed smoothly.

[0142] As illustrated in FIG. 12, the image processing unit
230 may combine a CPS-mode image in which echo ultra-
sound energy intensity of a target tissue T is displayed in
color, and a B-mode image having reduced a contrast, a
brightness, or a sharpness. Accordingly, a user may confirm a
degree of distribution of the contrast agents 500 injected into
a target tissue T.

[0143] As illustrated in FIGS. 13A, 13B, and 13C, the
image processing unit 230 may extract a target tissue area,
which is selected by a user, from a CPS mode image (as
illustrated in FIG. 13A), may extract a rest area excepting the
target tissue area (hereinafter referred to as surrounding tis-
sues) from a B-mode image (i.e., FIG. 13B), and may gener-
ate a combined image (i.e., FIG. 13C). In addition, the image
processor 230 may overlap a target tissue area, which is
extracted from the CPS-mode image to generate a combined
image, on the B-mode image.

[0144] Alternatively, the image processor 230 may gener-
ate a combined image by combining a CPS-mode image, in
which a volume rendering is performed on a target tissue T,
and an internal diagnostic image in which the inside (a target
tissue area and a surrounding area are included) of an object
ob is displayed smoothly. The volume rendering may repre-
sent an image processing to generate a three dimensional
(3D) image by adding a reality to a two dimensional (2D)
image by using a shadow, a color, a contrast, etc.

[0145] FIG. 14 is a view illustrating a process of generating
a combined image by performing volume rendering to an
image of a target tissue.

[0146] As illustrated in a left side of FIG. 14, the image
processor 230 may generate a 2D image of a tissue of an
object ob. The 2D image may be defined by an axial direction
and alateral direction. The image processor 230 may generate
a plurality of 2D images by using a received signal acquired
in an elevation direction by mechanical steering by using a
one dimensional array probe 100 or electrical steering by
using a two dimensional array probe 100. The image proces-
sor 230 may generate a 3D image (V) by stacking a plurality
of 2D images, as illustrated in a right side of FIG. 14.
[0147] Inparticular, the image processor 230 may generate
a 3D CPS-mode image of a target tissue in order to provide
information about a thickness and a depth of a tissue to a user.
For example, the probe 100 may employ any of a 3D probe
100, amatrix ultrasonic probe 100, a mechanical probe 100 or
the like.

[0148] The image processor 230 may perform volume ren-
dering on the target tissue area included in the combined
image after generating the combined image.

[0149] The image processor 230 may transmit an ultra-
sound image generated by using ultrasound image data to the
display unit 300.

[0150] Referring to FIG. 2 again, the control unit 240 may
control overall operation of the ultrasound imaging apparatus
10. Particularly, the control unit 240 may generate control
signals to control at least one of the analog-digital converter
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205, the beamformer 210, the image processor 230, the stor-
age unit 250, the probe 100, and the display unit 300 in
response to instructions or commands of programs stored in
the storage unit 250 or input via the input unit 400.

[0151] In particular, the control unit 240 may control the
probe 100 so that the probe 100 may irradiate high intensity
focused ultrasound energy or diagnostic ultrasound energy to
an object ob, and the control unit 240 may control the probe
100 so that the probe 100 may receive echo ultrasound energy.
[0152] In addition, the control unit 240 may control the
beamformer 210 so that the beamformer 210 may generate
pulses, apply a time to pulses, apply a delay time to a received
signal from the transducer 110, and/or add a signal to respond
to instructions or commands of programs stored in the storage
unit 250 or input via the input unit 400. A detailed description
of the beamformer 210 is provided above, and thus will be
omitted below.

[0153] The control unit 240 may control the image proces-
sor 230 so that the image processor 230 may generate an
ultrasound image and perform animage processing operation
in response to instructions or commands of programs stored
in the storage unit 250 or input via the input unit 400.
[0154] The control unit 240 may control the storage unit
250 s0 that the storage unit 250 may store an ultrasound image
and load an ultrasound image in response to instructions or
commands of programs stored in the storage unit 250 or input
via the input unit 400.

[0155] The control unit 240 may control the display unit
400 so that the display unit may display an ultrasound image
in response to instructions or commands of programs stored
in the storage unit 250 or input via the input unit 400.
[0156] The control unit 240 may include a processor, a
read-only memory (ROM) in which control programs for
control of the ultrasound imaging apparatus 10 are stored, and
a random access memory (RAM) in which signals or data
inputted from the outside are stored or which is used as a
storage area to correspond to various operations performed in
the ultrasound imaging apparatus 10.

[0157] The processor may be realized in a shape of System
on Chip (SoC) which includes a core and a graphics process-
ing unit (GPU). The processor may include any of a single
core, a dual core, a triple core, a quad core and various
multiple cores.

[0158] Thecontrol unit 240 may include a graphic process-
ing board which is a separated circuit board, which is electri-
cally connected, includes a processor, and RAM or ROM. The
process, a ROM, and RAM may be connected to each other
via an internal bus.

[0159] As mentioned above, the RAM and the ROM may
be a component provided in the control unit 240, or may be a
component provided in a separate storage unit.

[0160] The storage unit 250 may be configured to store
programs and data related to the ultrasound imaging appara-
tus 10, and may include a program portion and a data portion.
The program portion may store programs that relate to func-
tions of the ultrasound imaging apparatus 10, and the data
portion may store data generated according to an operation of
the ultrasound imaging apparatus 10, or predetermined data.
Data stored in the storage unit 250 may be displayed fora user
via the display unit 300.

[0161] The storage unit 250 may employ nonvolatile
memory, such as, any of Read Only Memory (ROM), Ran-
dom Access Memory (RAM), Programmable Read Only
Memory (PROM), FErasable Programmable Read Only
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Memory (EPROM), and Flash memory, or volatile memory,
such as Random Access Memory (RAM), or Hard Disk Drive
(HDD), or CD-ROM, but is not limited thereto. The storage
unit 250 may be realized in any of various shapes which are
well known to persons of ordinary skill in the art.

[0162] The display unit 300 may display an ultrasound
image generated by the image processor 230 to a user.
[0163] FIG. 15 is a view illustrating a condition in which a
display unit is used, and FIG. 16 is a view illustrating a
combined image as displayed by a display unit.

[0164] In particular, according to an exemplary embodi-
ment, the display unit 300 may display a combined image to
a user wherein the combined image is combined a B-mode
image and a CPS mode image, both of which are generated by
the image processor 230.

[0165] At least one of a B-mode image, a CPS-mode image
and a combined image may be generated in a 2D image and a
3D image.

[0166] Asillustrated in FIG. 15, when the combined image
is displayed to a user, the display unit 300 may guide a target
tissue location while providing the combined image to the
user. The user may place an ultrasound focal point at a guided
target tissue location and irradiate medical ultrasound energy
through the probe 100. The medical ultrasound energy may
include high intensity focused ultrasound energy.

[0167] In addition to guiding a target tissue location to a
user, the display unit 300 may display an amount of change of
the contrast agents 500 injected into a target tissue as time
passes.

[0168] FIG. 16 illustrates an example of a screen of the
display unit 300 which changes as time passes.

[0169] Referring to FIG. 16, when the image processor 230
performs volume rendering on a target tissue T, the contrast
agents 500, which exist in the target tissue on a B-mode image
of a tissue in an object, may be displayed on a 3D CPS-mode
image having a color and a contrast.

[0170] While displaying an amount of change of the con-
trast agents 500 in time series, the display unit 300 may
further display an elapsed time (Day 1 to Day 10) after the
contrast agents 500 are injected, an injection interval of the
contrast agents 500, or a time of injection request of the
contrast agents 500.

[0171] Meanwhile, acombined image displayed on the dis-
play unit 300 may be an image in which volume rendering is
performed or various image processing is performed by the
image processor 230.

[0172] Inaddition, the display unit 300 may display a target
tissue by using a marker. The marker may include a color and
an arrow indicating the target tissue.

[0173] Inaddition, the display unit 300 may further display
diagnostic information that relates to a target tissue, such as
the presence of an abnormality, and may display a degree of
abnormality in various colors, but is not limited thereto.
[0174] The display unit 300 may employ any of a plasma
display panel (PDP), a light emitting diode (LED) or a liquid
crystal display (LCD). In addition, the display unit 300 may
employ a 3D display unit which is capable of displaying 3D
images. The display unit 300 may include a touch screen.
Whenthe display unit 300 includes a touch screen, the display
300 may perform a function of the input unit 400.

[0175] The touchscreen may employ a resistive touch-
screen panel or a capacitive touchscreen panel. Alternatively,
the touch screen may be realized by a touch screen panel by
using ultrasound or infrared light.
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[0176] The display unit 300 may display images according
to a diagnostic mode selected by a user. When a user does not
select a mode, the display unit 300 may display images in a
predetermined default mode (e. g., B-mode).

[0177] Referring to FIG. 2 again, the input unit 400 may
enable a user to input control commands of the ultrasound
imaging apparatus 10, and may be provided with a plurality of
screens so that a user may input control commands while
watching the display unit 300 displaying various images. A
user may select a diagnostic mode, set an object and a target
tissue to be detected, and/or select an image to be displayed on
the display unit 300, via the input unit 400,

[0178] In particular, a user may select one mode from
among a Amplitude mode (A-mode), a Brightness mode
(B-mode), a Doppler mode (D-mode), a Elastography mode
(E-mode), a Motion mode (M-mode), and a cadence pulse
sequencing mode (CPS-mode) via the input unit 400, and
may further select a combined mode in order to generate a
combined image via the input unit 400.

[0179] For example, when a user selects a B-mode via the
input unit 400, a B-mode image of an object may be gener-
ated, and when a user selects a CPS-mode via the input unit
400, a CPS-mode image of an object may be generated. In
addition, when a combined mode is selected via the input unit
400, a B-mode image and a CPS-mode image may be gener-
ated and then a combined image may be generated based on
the B-mode image and the CPS-mode image.

[0180] The input unit 400 may include at least one from
among akeyboard, amouse, a trackball, a touch screen, a foot
switch, or a foot pedal, but is not limited thereto.

[0181] The input unit 400 may be provided on an upper
portion of the main body 200 as shown in FIG. 1, or may be
provided on a lower portion of the main body 200 when the
input unit 400 is implemented with a foot switch or a foot
pedal.

[0182] Whenthe input unit 400is implemented in a Graphi-
cal User Interface (GUI), i.e., in software similarly as a touch
screen, the input unit 400 may be displayed on the display unit
300, which will be described later.

[0183] One or more probe holders may be provided on or
around the input unit 400 to hold the probe 100. Therefore, a
user may keep the probe 100 in the probe holder while the
ultrasound imaging apparatus 10 is not used.

[0184] Inthe main body 200, at least one female connector
may be provided, and the female connector may be coupled to
the male connector which is connected to a cable of the probe
100. Accordingly, a signal generated by the main body 200
and a signal generated by the probe may be transmitted and
received. For example, a transmission signal generated by the
main body 200 may be transmitted to the transducer 110 via
the male connector connected to the female connector of the
main body 200, and a cable.

[0185] Inalower portion of the main body 200, a plurality
of casters may be mounted to be fixed on a certain place or
moved in a certain direction.

[0186] According to exemplary embodiments, some com-
ponents provided in the ultrasound imaging apparatus 100
may be implemented as modules. Here, the term “module”
may represent a software element or a hardware element,
such as a Field Programmable Gate Array (FPGA) or an
Application Specific Integrated Circuit (ASIC), and the mod-
ule may perform a predetermined role. However, the module
1s not limited to software or hardware. Further, the module
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may be constructed to exist in an addressable storage module,
or to play one or mote processors.

[0187] The module may include elements (e.g., software
elements, object-oriented software elements, class elements
and task elements), processors, functions, properties, proce-
dures, subroutines, segments of a program code, drivers,
firmware, a microcode, a circuit, data, a database, data struc-
tures, tables, arrays, and variables. Herein, functions pro-
vided by components and modules may be provided by a
smaller number of combined larger components and mod-
ules, or by a larger number of divided smaller components
and modules. In addition, the components and modules may
be realized to operate one or more CPUs in a device.

[0188] With reference to FIGS.17, 18,19, and 20, a control
method of the ultrasound imaging apparatus 10 will be
described. FIG. 17 s a flow chart illustrating a control method
of an ultrasound imaging apparatus, in accordance with an
exemplary embodiment, when irradiating ultrasound to an
object.

[0189] Referring to FIG. 17, in operation S1110, contrast
agents may be injected into an object via blood vessels of the
object, such as a vein. The contrast agents may include a shell
composed of a silica nanostructure, and a core composed of a
liquid perflucrocarbon or a gas perfluorocarbon.

[0190] In this case, the shell composed of a silica nano-
structure may have a diameter of greater than 10 nm and less
than 3000 nm that is smaller than blood vessels around a
tumor and larger than normal blood vessels.

[0191] The shell composed of a silica nanostructure may
permeate a tumor through blood vessels around the tumor that
is looser than normal blood vessels so that the contrast agents
may be selectively stored on a target tissue, such as a tumor
and a cancer, in operation S1120.

[0192] In this case, an ultrasound imaging apparatus may
generate a CPS-mode image of a target tissue and may display
the image to a user so that the user may conform that the
contrast agents may be stacked on the target tissue.

[0193] Inoperation S1130, the ultrasound imaging appara-
tus may irradiate focused ultrasound energy to a target point
so that the contrast agents stacked on the target tissue may be
activated.

[0194] In comparison with diagnostic ultrasound energy,
the focused ultrasound energy may include a single pulse
having a short time to be applied and being applied by being
focused at a target point.

[0195] Among focused ultrasound energy applications,
focused ultrasound energy which generates an energy inten-
sity of greater than 3 MPa at a target point may be referred to
as high intensity focused ultrasound energy, and hereinafter
high intensity focused ultrasound energy will be described as
an example of focused ultrasound energy.

[0196] When a silica nanostructure in the contrast agents,
which is stacked on the target tissue, is be dissolved by
focused ultrasound energy and liquid perfluorocarbon is be
evaporated, the contrast agents may be activated in operation
S1140.

[0197] When the contrast agents are activated, in operation
S1150, the ultrasound imaging apparatus may irradiate diag-
nostic ultrasound energy to an object in order to generate an
ultrasound image.

[0198] The diagnostic ultrasound energy may represent
ultrasound energy irradiated from the probe in order to gen-
erate diagnostic images used to examine or diagnose the
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inside of an object or to generate a contrast agent image used
to detect the contrast agents injected into a target tissue.
[0199] The diagnostic ultrasound energy applications may
have different frequency bands or energy intensities with
respect to each other according to the diagnostic mode.
[0200] The diagnostic mode may be any of an Amplitude
mode (A-mode), a Brightness mode (B-mode), a Doppler
mode (D-mode), an Elastography mode (E-mode), a Motion
mode (M-mode), and a cadence pulse sequencing mode
(CPS-mode), but is not limited thereto. The diagnostic mode
may include a combined mode.

[0201] As illustrated in FIG. 17, in operation S1150, the
diagnostic ultrasound energy is irradiated after the contrast
agents are activated, but is not limited thereto. Alternatively,
the ultrasound imaging apparatus may irradiate the diagnostic
ultrasound energy to the object when injecting the contrast
agent in operation S1110, and thus an ultrasound image may
be continuously or intermittently provided to a user.

[0202] FIG. 18 is a flow chart illustrating a control method
of an ultrasound imaging apparatus, according to an exem-
plary embodiment, when receiving echo ultrasound energy
reflected from an object.

[0203] In operation S1210, an ultrasound imaging appara-
tus may receive echo ultrasound energy reflected from an
object.

[0204] Theecho ultrasound energy may include ultrasound
energy reflected from the object into which ultrasound energy
is irradiated, and may have any of various frequency bands
and energy intensities in order to generate various ultrasound
images according to a diagnostic mode.

[0205] The ultrasound imaging apparatus may receive a
diagnostic mode from a user in operation S1220, and may
generate a contrast agent image and an internal diagnostic
image according to the received diagnostic mode in respec-
tive operations S1230 and S1240.

[0206] For example, when receiving a B-mode as a diag-
nostic mode from a user, the ultrasound imaging apparatus
according to an exemplary embodiment may generate a
B-mode image as an internal diagnostic image in operation
$1240, and when receiving a CPS-mode as a diagnostic mode
from a user, the ultrasound imaging apparatus may generate a
CPS mode image as a contrast agent image in operation
S1230.

[0207] When receiving a combined mode as a diagnostic
mode from a user, the ultrasound imaging apparatus accord-
ing to another exemplary embodiment may generate a
B-mode image as an internal diagnostic image and a CPS
mode image as a contrast agent image in respective opera-
tions $1240 and S1230.

[0208] The ultrasound imaging apparatus may generate a
combined image by combining an internal diagnostic image
with a contrast agent image in operation S1250.

[0209] Forexample, the ultrasound imaging apparatus may
generate a combined image by combining a B-mode image
with a CPS-mode image.

[0210] In this case, the ultrasound imaging apparatus may
perform a predetermined image processing operation with
respect to an internal diagnostic image and a contrast agent
image, which will be described below with reference to FIG.
19.

[0211] The ultrasound imaging apparatus may display a
combined image to a user via the display unit in operation
S1260.
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[0212] Forexample, the ultrasound imaging apparatus may
display only a combined image or all of an internal diagnostic
image, a contrast agent image and a combined image on a
screen of the display unit.

[0213] In addition, the ultrasound imaging apparatus may
selectively display one or more images from among an inter-
nal diagnostic image, a contrast agent image and a combined
image on a screen of the display unit according to a manipu-
lation of a user.

[0214] The ultrasound imaging apparatus may further out-
put a screen to provide any of a procedure guide, diagnosis
data, etc. to a user, which will be described below with refer-
ence to FIG. 20.

[0215] Hereinafter an image processing operation, which is
performed when the ultrasound imaging apparatus generates
a combined image in operation S1250, will be described.
[0216] FIG. 19 is a flow chart illustrating a method for
generating a combined image, according to an exemplary
embodiment.

[0217] For example, in operation S1251, the ultrasound
imaging apparatus may extract a target tissue from a contrast
agent image. In this case, the ultrasound imaging apparatus
may extract a remainder area excepting a target tissue area
(that is, a surrounding tissue area) from an internal diagnostic
image as a surrounding tissue.

[0218] Forexample, the ultrasound imaging apparatus may
extract a target tissue area from a contrast agent image by
setting a selected area as a target tissue area according to a
manipulation of a user.

[0219] In addition, the ultrasound imaging apparatus may
extract a pixel which has a brightness that is greater than a
predetermined threshold as a target tissue from a contrast
agent image.

[0220] Inoperation S1252, the ultrasound imaging appara-
tus may perform an image post-processing operation with
respect to a contrast agent image and an internal diagnostic
image.

[0221] Forexample, the ultrasound imaging apparatus may
improve a contrast, a brightness, and/or a sharpness of a
contrast agent image, and may reduce a contrast, a brightness,
and/or a sharpness of an internal diagnostic image. In this
case, the ultrasound imaging apparatus may improve a con-
trast, a brightness, and/or a sharpness of a detected target
tissue of a contrast agent image, and may reduce a contrast, a
brightness, and/or a sharpness of surrounding tissues of an
internal diagnostic image.

[0222] The ultrasound imaging apparatus may perform a
volume rendering operation with respect to a detected target
tissue image in a contrast agent image, and thus may generate
a 3D image of a target tissue.

[0223] Due to an image post-processing operation of the
ultrasound imaging apparatus, the contrast agents injected
into a target tissue may be displayed more clearly and sur-
rounding tissues may be displayed smoothly.

[0224] In operation S1253, the ultrasound imaging appara-
tus may combine a target tissue image of a contrast agent
image in which an imaging post-processing operation is pet-
formed with an internal diagnostic image in which an imag-
ing post-processing operation is performed. When surround-
ing tissues are detected from an internal diagnostic image, the
ultrasound imaging apparatus may combine a target tissue
image of the contrast agent image with a surrounding tissues
image of an internal diagnostic image.
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[0225] According to another exemplary embodiment, the
ultrasound imaging apparatus may provide any of a procedure
guide, diagnosis data, etc. to a user, when displaying a com-
bined image.

[0226] FIG. 20 is a flow chart illustrating a control method
of an ultrasound imaging apparatus, in accordance with
another exemplary embodiment.

[0227] When a combined image is displayed in operation
S1261, the ultrasound imaging apparatus may receive a com-
mand according to a manipulation of a user via the input unit
in operation S1262.

[0228] For example, when a user inputs a mode to be sup-
plied with a procedure guide from the ultrasound imaging
apparatus, the ultrasound imaging apparatus may display a
proper position for irradiating ultrasound energy via the dis-
play unit in operation S1263.

[0229] For example, the proper position for irradiating
ultrasound energy may be a position in which a target tissue
detected by the ultrasound imaging apparatus may be placed.
[0230] When a user inputs a command of enlarging or a
command of reducing of a combined image, the ultrasound
imaging apparatus may enlarge or reduce a detected target
tissue area according to an inputted magnification or a pre-
determined magnification on a screen of the display unit in
operation S1264.

[0231] When a user inputs a command of diagnosing a
target tissue, in operation S1265, the ultrasound imaging
apparatus may display any of various data related to a target
tissue, such as a size of a target tissue, a density of a target
tissue and whether a target tissue is normal, as diagnostic data
via the display unit.

[0232] Theultrasound imaging apparatus 100 and the con-
trol method thereof may be implemented as a computer code
on a transitory or non-transitory computer readable recording
medium. The computer readable recording medium may
include any of various kinds of recording medium stored data
decrypted by the computer system. For example, there may be
a Read Only Memory (ROM), a Random Access Memory
(RAM), a magnetic tape, a magnetic disk, a flash memory,
and an optical data storage device. In addition, the medium
may be distributed to computer systems over a network, in
which computer-readable code may be stored and executed in
a distributed manner.

[0233] As is apparent from the above description, accord-
ing to the proposed ultrasound imaging apparatus and a con-
trol method thereof, a contrast agent image displaying con-
trast agents stacked on a target tissue may be generated, and a
combined image that combines the contrast agent image and
an internal diagnostic image. Accordingly, a user may cor-
rectly confirm a position of a target tissue in comparison with
an internal diagnostic image of an object.

[0234] According to the proposed probe, by irradiating
focused ultrasound energy, contrast agents may be activated
by using a relatively small amount of energy, and echo ultra-
sound energy may be received and used to generate a com-
bined image of a contrast agent image and an internal diag-
nostic image.

[0235] Although a few exemplary embodiments have been
shown and described, it will be appreciated by those of skill in
the art that changes may be made in these exemplary embodi-
ments without departing from the principles and spirit of the
present inventive concept, the scope of which is defined in the
claims and their equivalents.
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What is claimed is:

1. An ultrasound imaging apparatus comprising:

a controller configured to generate a control signal to con-
trol an operation of a probe; and

atransceiver configured to transmit the control signal to the
probe and to receive a signal transmitted from the probe,

wherein the controller is further configured to control the
operation of the probe so that the probe irradiates
focused ultrasound energy when at least one contrast
agent composed of a silica nanostructure is injected into
an object, and to control the operation of the probe so
that the probe irradiates diagnostic ultrasound energy
when the focused ultrasound energy is irradiated.

2. The ultrasound imaging apparatus of claim 1, wherein

the controller is further configured to control the operation
of the probe so that high intensity focused ultrasound
(HIFU) energy is irradiated as the focused ultrasound
energy.

3. The ultrasound imaging apparatus of claim 1, wherein

the controller is further configured to control the operation
of the probe so that echo ultrasound energy reflected
from an object is received when the diagnostic ultra-
sound energy is irradiated.

4. The ultrasound imaging apparatus of claim 3, further

comprising:

an image processor configured to generate an ultrasound
image based on an electrical signal when the transceiver
receives the electrical signal that corresponds to the echo
ultrasound energy.

5. The ultrasound imaging apparatus of claim 4, wherein

the image processor is further configured to generate a
contrast agent image and an internal diagnostic image
according to a set diagnostic mode.

6. The ultrasound imaging apparatus of claim 5, wherein

the image processor is further configured to generate a
combined image by combining the contrast agent image
with the internal diagnostic image.

7. The ultrasound imaging apparatus of claim 6, further

comprising:

adisplay configured to display the combined image.

8. The ultrasound imaging apparatus of claim 5, wherein

the image processor is further configured to extract a target
tissue from the contrast agent image and to combine the
target tissue with the internal diagnostic image.

9. The ultrasound imaging apparatus of claim 8, wherein

the image processor is further configured to generate a
volume rendering image of the target tissue.

10. The ultrasound imaging apparatus of claim 5, wherein

the image processor is further configured to detect a target
tissue from the contrastagent image and to detect at least
one surrounding tissue from the internal diagnostic
image, and to combine a contrast agent image of the
target tissue with an internal diagnostic image of the at
least one surrounding tissue.
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11. The ultrasound imaging apparatus of claim 5, wherein

the image processor is further configured to perform an
image post-processing operation with respect to the con-
trast agent image and the internal diagnostic image.

12. The ultrasound imaging apparatus of claim 11, wherein

the image post-processing operation includes correcting or
readjusting at least one from among a contrast, a bright-
ness and a sharpness in each of the contrast agent image
and the internal diagnostic image.

13. The ultrasound imaging apparatus of claim 5, wherein

the image processor is further configured to generate a
Cadence Pulse Sequencing mode (CPS-mode) image as
the contrast agent image, and a Brightness mode
(B-mode) image as the internal diagnostic image.

14. The ultrasound imaging apparatus of claim 5, further
comprising an input device configured to receive a selection
of an image mode from a user,

wherein the image processor is further configured to gen-
erate the contrast agent image when a first image mode
is selected, and to generate the internal diagnostic image
when a second image mode is selected.

15. The ultrasound imaging apparatus of claim 7, wherein

the display is further configured to display diagnosis data
related to the target tissue.

16. The ultrasound imaging apparatus of claim 7, further
comprising an input device configured to receive a magnifi-
cation of the combined image from a user,

wherein the display is further configured to display a target
point that is enlarged or reduced according to the
received magnification.

17. The ultrasound imaging apparatus of claim 1, wherein

the at least one contrast agent comprises a shell composed
of a silica nanostructure, and a core composed of a liquid
perfluorocarbon or a gas perfluorocarbon.

18. The ultrasound imaging apparatus of claim 16, wherein

a size of the shell is equal to or greater than 10 nanometers
and equal to or less than 3000 nanometers.

19. A probe comprising:

a transducer configured to activate at least one contrast
agent by irradiating focused ultrasound energy toward
an object when the at least one contrast agent composed
of a silica nanostructure is injected into the object, and to
irradiate diagnostic ultrasound energy toward the object
when the focused ultrasound energy is irradiated; and

a transceiver configured to receive a control signal to con-
trol the transducer.

20. A control method which is executable by using an
ultrasound imaging apparatus, the control method compris-
ing:

controlling an operation of a probe to irradiate focused
ultrasound energy when at least one contrast agent com-
posed of a silica nanostructure is injected into an object,
and

controlling an operation of the probe to irradiate diagnostic
ultrasound energy when the focused ultrasound energy
is irradiated.
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