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(57) ABSTRACT

An ultrasound imaging apparatus and a method of controlling
the same are provided. The ultrasound imaging apparatus
includes an ultrasound contrast agent (UCA) sensor config-
ured to determine whether an UCA flows in an object based
on an echo signal that is reflected by the object in a mechani-
cal index environment. The ultrasound imaging apparatus
further includes a controller configured to obtain at least one
among an UCA image and a tissue image of the object in
another mechanical index environment lower than the
mechanical index environment in response to the UCA sensor
determining that the UCA flows in the object.
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ULTRASOUND IMAGING APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0116248, filed on Sep. 2, 2014, and
Korean Patent Application No. 10-2015-0105777, filed on
Jul. 27, 2015, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entireties
by reference.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to an ultrasound imaging apparatus
and a method of controlling the same.

[0004] 2. Description of the Related Art

[0005] Ultrasound imaging apparatuses each transmit an
ultrasound signal generated by a transducer of a probe to an
object and receive the information of an echo signal reflected
by the object, thereby obtaining an image of a portion inside
the object. Particularly, ultrasound imaging apparatuses are
used for medical purposes such as observing the inside of the
object, detecting foreign substances, and measuring injuries.
Because ultrasound imaging apparatuses have high stability,
are able to display images in real time, and are safe without
irradiation exposure compared with diagnostic apparatuses
using X-rays, the ultrasound imaging apparatuses are used
together with other image diagnostic apparatuses.

[0006] Meanwhile, ultrasound contrast agents (UCAs) are
used with ultrasound imaging apparatuses. UCAs are injected
into objects to improve a contrast between tissues, thereby
providing more precise ultrasound images.

SUMMARY

[0007] Exemplary embodiments may address at least the
above problems and/or disadvantages and other disadvan-
tages not described above. Also, the exemplary embodiments
are not required to overcome the disadvantages described
above, and an exemplary embodiment may not overcome any
of the problems described above.

[0008] One or more exemplary embodiments include an
ultrasound imaging apparatus that controls a mechanical
index according to an inflow of an ultrasound contrast agent
(UCA) and a method of controlling the same.

[0009] According to an aspect of an exemplary embodi-
ment, an ultrasound imaging apparatus includes an ultra-
sound contrast agent (UCA) sensor configured to determine
whether an UCA flows in an object based on an echo signal
that is reflected by the object in a mechanical index environ-
ment, and a controller configured to obtain at least one among
an UCA image and a tissue image of the object in another
mechanical index environment lower than the mechanical
index environment in response to the UCA sensor determin-
ing that the UCA flows in the object.

[0010] TheUCA sensor may be further configured to detect
a harmonic frequency signal from the echo signal, and deter-
mine that the UCA flows in the object in response to the UCA
sensor detecting the harmonic frequency signal.

[0011] The controller may be further configured to obtain
the UCA image based on the harmonic frequency signal that
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is reflected by the UCA, and obtain the tissue image based on
a fundamental frequency signal that is reflected by tissue of
the object.

[0012] The other mechanical index environment may
include a first mechanical index environment or a second
mechanical index environment, and the mechanical index
environment may include the third mechanical index environ-
ment.

[0013] The third mechanical index environment may be a
mechanical index range in which the UCA collapses, the
second mechanical index environment may be a mechanical
index range in which the UCA nonlinearly moves, and the
first mechanical index environment may be a mechanical
index range in which the UCA linearly moves.

[0014] The controller may be further configured to obtain
the tissue image in the first mechanical index environment,
and obtain the UCA image in the second mechanical index
environment.

[0015] The controller may be further configured to obtain
the UCA image in the second mechanical index environment
for a first time period, and obtain the tissue image in the first
mechanical index environment for a second time period.

[0016] The controller may be further configured to obtain
the UCA image by controlling a transmitting cycle of ultra-
sound in the second mechanical index environment to allow
the UCA to collapse.

[0017] The ultrasound imaging apparatus may further
include a display configured to display the tissue image and
the UCA image.

[0018] Thedisplay may be further configured to alternately
display the tissue image and the UCA image.

[0019] The display may be further configured to display a
mechanical index that is used by the ultrasound imaging
apparatus.

[0020] The UCA image may be generated in a first fre-
quency band, and the tissue image may be generated in a
second frequency band narrower than the first frequency
band.

[0021] The UCA image may be generated by transmitting
ultrasound according to a pulse inversion method.

[0022] According to an aspect of another exemplary
embodiment, there is provided a method of controlling an
ultrasound imaging apparatus, the method including deter-
mining whether an UCA flows in an object based on an echo
signal that is reflected by the object in a mechanical index
environment, and obtaining at least one among an UCA
image and a tissue image of the object in another mechanical
index environment lower than the mechanical index environ-
ment in response to the determining that the UCA flows in the
object.

[0023] The determining may include detecting a harmonic
frequency signal from the echo signal, and determining that
the UCA flows in the object in response to the detecting the
harmonic frequency signal.

[0024] The other mechanical index environment may
include a first mechanical index environment being a
mechanical index range in which the UCA linearly moves, or
a second mechanical index environment being a mechanical
index range in which the UCA nonlinearly moves, and the
mechanical index environment may include a third mechani-
cal index environment being a mechanical index range in
which the UCA collapses.
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[0025] The obtaining may include obtaining the UCA
image by controlling a transmitting cycle of ultrasound in the
second mechanical index environment to allow the UCA to
collapse.

[0026] The obtaining may include obtaining the tissue
image by transmitting ultrasound in the first mechanical
index environment to the object.

[0027] The obtaining may include obtaining the UCA
image by transmitting ultrasound in the second mechanical
index environment to the object.

[0028] According to an aspect of another exemplary
embodiment, an ultrasound imaging apparatus includes an
ultrasound contrast agent (UCA) sensor configured to deter-
mine whether an UCA flows in an object based on a harmonic
frequency signal that is reflected by the UCA in a third
mechanical index environment in which the UCA destructs,
and a controller configured to obtain an UCA image of the
object based on a harmonic frequency signal that is reflected
by the UCA in a second mechanical index environment in
which the UCA nonlinearly moves, and obtain a tissue image
of the object based on a fundamental frequency signal that is
reflected by the object in a first mechanical index environ-
ment in which the UCA linearly moves, in response to the
UCA sensor determining that the UCA flows in the object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and/or other aspects will become more
apparent by describing exemplary embodiments with refer-
ence to the accompanying drawings, in which:

[0030] FIG. 11is a perspective view of an ultrasound imag-
ing apparatus according to an exemplary embodiment;
[0031] FIG. 2 is a control block diagram of the ultrasound
imaging apparatus of FIG. 1;

[0032] FIG. 3 is a control block diagram illustrating a pro-
cess of transmitting ultrasound, according to an exemplary
embodiment;

[0033] FIG. 41s a control block diagram illustrating a pro-
cess of receiving ultrasound, according to an exemplary
embodiment;

[0034] FIG.5isagraphillustrating a correlation between a
mechanical index and an ultrasound contrast agent (UCA),
according to an exemplary embodiment;

[0035] FIG. 6isagraphillustrating a distribution of an echo
signalinanenvironment in which an UCA is injected, accord-
ing to an exemplary embodiment;

[0036] FIG. 7 is a flowchart illustrating a method of con-
trolling an ultrasound imaging apparatus, according to an
exemplary embodiment;

[0037] FIG. 8isa flowchart illustrating a method of obtain-
ing an UCA image, according to an exemplary embodiment;
[0038] FIG.9 is a view illustrating input pulses for obtain-
ing an UCA image and echo signals according to the input
pulses, according to an exemplary embodiment;

[0039] FIG. 10 is a view illustrating a sum of the echo
signals shown in FIG. 9;

[0040] FIG. 11 is a flowchart illustrating a method of con-
trolling an ultrasound imaging apparatus according to another
exemplary embodiment;

[0041] FIG. 12 is a flowchart illustrating a method of con-
trolling an ultrasound imaging apparatus according to another
exemplary embodiment;

[0042] FIG. 13 is a graph illustrating a mechanical index
environment change, according to an exemplary embodi-
ment;
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[0043] FIG. 14 is a flowchart illustrating a method of con-
trolling an ultrasound imaging apparatus, according to
another exemplary embodiment; and

[0044] FIG. 15 is a graph illustrating a mechanical index
environment change, according another exemplary embodi-
ment.

DETAILED DESCRIPTION

[0045] Exemplary embodiments are described in greater
detail below with reference to the accompanying drawings.
[0046] Inthe following description, like drawing reference
numerals are used for like elements, even in different draw-
ings. The matters defined in the description, such as detailed
construction and elements, are provided to assist in a com-
prehensive understanding of the exemplary embodiments.
However, it is apparent that the exemplary embodiments may
be practiced without those specifically defined matters. Also,
well-known functions or constructions may not be described
in detail because they would obscure the description with
unnecessary detail.

[0047] Also, throughout the specification, “an object” may
include a human, an animal or a part of the human or animal.
For example, the object may include not only organs such as
a liver, a heart, a womb, a brain, breasts, abdomen, or blood
vessels, but also an embryo or fetus of a mother.

[0048] Also, throughout the specification, “a user” may be
amedical expert such as a doctor, a nurse, a clinical patholo-
gist, a medical imaging technician, etc., or may be a medical
apparatus service engineer, but is not limited thereto.

[0049] Also, herein, “a mechanical index” is an index that
quantifies an effect of mechanical effects of ultrasound on an
object, in which as the mechanical index is higher, an effect
on a human body is greater. The mechanical effect of the
ultrasound is provided by a cavitation phenomenon, which
occurs at a peak negative acoustic pressure of the ultrasound.
Accordingly, the mechanical index may be defined by an
acoustic working frequency and a level of the peak negative
acoustic pressure, which is an absolute value.

[0050] Also, herein, “an ultrasound image™ is an image of
an object obtained using ultrasound. Here, “the ultrasound
image” may be a two-dimensional or a three-dimensional
image.

[0051] In detail, the ultrasound image may include a tissue
image, which shows an anatomical structure of a target area of
an object, and an ultrasound contrast agent (UCA) image,
which shows an UCA of a target area.

[0052] The UCA strengthens a weak echo signal of an area
in which it is difficult to obtain an ultrasound image thereof,
for example, small veins, a blood vessel present deep inside
an object, and a small lesion. The UCA is injected through a
blood vessel of the object and moves inside the object while
passing through the blood vessel. When the object is scanned
with ultrasound, the UCA nonlinearly moves or backscatters
while collapsing. An ultrasound imaging apparatus may gen-
erate an UCA image using the backscatter described above.
[0053] Indetail, the UCA may include a microparticle con-
trast agent and a nanoparticle contrast agent.

[0054] For example, the microparticle contrast agent may
be microbubbles. The microbubbles may have a size from
about 1 to 4 um. The microbubbles may be formed of a
phospholipid membrane surrounding a gas such as perfiuo-
rocarbon (PFC).

[0055] Also, the nanoparticle contrast agent may be PFC
nanodroplets or polylactic acid (PLLA) nanobubbles. The PFC
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nanodroplets may have a size from about 200 to about 400
nm, and the PLA nanobubbles may have a size from about 40
to about 200 nm.

[0056] FIG. 11is a perspective view of an ultrasound imag-
ing apparatus 1 according to an exemplary embodiment. As
shown in FIG. 1, the ultrasound imaging apparatus 1 includes
an ultrasound probe 100, a body 10, an operation panel 50,
and a display 60.

[0057] In front of a bottom of the body 10, one or more
female connectors 45 are provided. Fach of the female con-
nectors 45 may be physically coupled with a male connector
40 provided at one end of a cable 30. Through the cable 30, the
ultrasound probe 100 and the body 10 are connected.

[0058] Meanwhile, below the body 10, a plurality of castors
11 for providing mobility of the ultrasound imaging appara-
tus 1 are provided. A user may fix or move the ultrasound
imaging apparatus 1 to a place or in a direction using the
plurality of castors 11. The ultrasound imaging apparatus 1
described above is referred to as a cart type ultrasound imag-
ing apparatus.

[0059] Meanwhile, unlike FIG. 1, the ultrasound imaging
apparatus 1 may be a portable ultrasound imaging apparatus
capable of being carried when moving long distances. Here,
the portable ultrasound imaging apparatus may not include
the castors 11. For example, the portable ultrasound imaging
apparatus may include a picture archiving and communica-
tion system (PACS) viewer, a smart phone, a laptop computer,
a personal digital assistant (PDA), a tablet personal computer
(PC), ete. but is not limited thereto.

[0060] The ultrasound probe 100 is a portion in contact
withabody surface of an object, and may transmit and receive
ultrasound to and from the object. In detail, the ultrasound
probe 100 generates and transmits ultrasound according to an
input pulse into the object, and receives echo ultrasound
reflected by a part inside the object. The ultrasound probe 100
will be described below in detail.

[0061] The operation panel 50 receives a command related
to an operation of the ultrasound imaging apparatus 1. The
user may input commands to perform the start of a diagnosis,
a selection ofa diagnosis area, a selection of a diagnosis type,
a selection of a mode for an ultrasound image finally output,
etc. For example, the mode for the ultrasound image may
include an amplitude mode (A-mode), a brightness mode
(B-mode), a Doppler mode (D-mode), an elastography mode
(E-mode), a motion mode (M-mode), etc.

[0062] As an exemplary embodiment, the operation panel
50, as shown in F1G. 1, is located above the body 10. Here, the
operation panel 50 may include at least one of a switch, a key,
a wheel, a joystick, a trackball, and a knob.

[0063] Also, the operation panel 50 further includes a sub
display 51. The sub display 51 may be provided at one side of
the operation panel 50, and displays information related to the
operation of the ultrasound imaging apparatus 1.

[0064] Forexample, the sub display 51 may display a menu
or guidance notice for setting the ultrasound imaging appa-
ratus 1 or display present settings of the ultrasound imaging
apparatus 1.

[0065] Here, the sub display 51 may be formed of a touch
panel. When the sub display 51 is formed of the touch panel,
the user may input a control command by touching the sub
display 51.

[0066] The sub display 51, for example, may be formed of
one of a liquid crystal display (LCD) panel, a light emitting
display (LED) panel, and an organic LED (OLED) panel.
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[0067] The display 60 may display ultrasound images
obtained during an ultrasound diagnosis process. The display
60, as shown in FIG. 1, is coupled with and mounted on the
body 10, but may be formed separately from the body 10.
[0068] Around the operation panel 50, at least one probe
holder 20 for holding the ultrasound probe 100 is provided.
Accordingly, when the ultrasound imaging apparatus 1 is not
used, the user may store the ultrasound probe 100 on the
probe holder 20.

[0069] Also, the display 60 includes a plurality of displays
61 and 62 to display different types of images at the same
time. For example, a first display 61 may display a two-
dimensional ultrasound image, and a second display 62 may
display a three-dimensional ultrasound image. Also, the first
display 61 may display a diagnosis image, and the second
display 62 may display an UCA image.

[0070] Also, the respective displays 61 and 62 may employ
displays suchas a plasma display panel (PDP), an LCD panel,
an LED panel, an OLED panel, an active-matrix OLED
(AMOLED) panel, etc.

[0071] FIG. 2 is a control block diagram of the ultrasound
imaging apparatus 1 of FIG. 1.

[0072] As shown in FIG. 2, the ultrasound imaging appa-
ratus 1 includes a communication interface 80, a storage 70,
the ultrasound probe 100, an ultrasound transceiver 200, an
UCA sensor 310, an image processor 320, a pulse controller
330, and a main controller 340.

[0073] The communication interface 80 may be connected
to another apparatus, and may transmit and receive data with
the connected apparatus. For example, the communication
interface 80 may send and receive data with a clinic server or
other medical apparatuses in a clinic connected through a
PACS.

[0074] Also, the communication interface 80 may commu-
nicate data with other apparatuses according to various wired/
wireless communication protocols and according to digital
imaging and communications in medicine (DICOM) stan-
dards.

[0075] In detail, the communication interface 80 may be
connected to another apparatus to receive previously taken
ultrasound images, computed tomography images, and mag-
netic resonance (MR) images from the outside, or to transmit
ultrasound images obtained from an object to the other appa-
ratus. Also, the communication interface 80 may receive
information related to a diagnosis history, a treatment sched-
ule, etc. of a patient stored in the server. Also, the communi-
cation interface 80 may perform data communication with a
portable device such as a smart phone.

[0076] The storage 70 may store various types of informa-
tion for driving the ultrasound imaging apparatus 1. For
example, the storage 70 may store medical data related to
diagnosing the object such as an echo signal and an ultra-
sound image, and may store a program for driving the ultra-
sound imaging apparatus 1.

[0077] Also, the storage 70, for example, may include a
high-speed random access memory (RAM), a magnetic disc,
a static RAM (SRAM), a dynamic RAM (DRAM), and a
read-only memory (ROM), but is not limited thereto.

[0078] Also, the storage 70 may be detachable from the
ultrasound imaging apparatus 1. For example, the storage 70
may include a compact flash (CF) card, a secure digital (SD)
card, a smart media (SM) card, a multimedia card (MMC),
and a memory stick, but is not limited thereto. Also, the
storage 70 may be provided outside the ultrasound imaging
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apparatus 1, and may transmit and receive data to and from
the ultrasound imaging apparatus 1 through wired and wire-
less communication.

[0079] The ultrasound probe 100 transmits ultrasound to
the object, and receives an echo signal reflected therefrom
while being in contact with a surface of the object. Hereinaf-
ter, referring to FIGS. 2 1o 4, the ultrasound probe 100 and
transmission and receiving of ultrasound will be described in
detail.

[0080] FIG. 3 is a control block diagram illustrating a pro-
cess of transmitting ultrasound, according to an exemplary
embodiment. FI1G. 4 is a control block diagram illustrating a
process of receiving ultrasound, according to an exemplary
embodiment.

[0081] As shown in FIGS. 2 to 4, the ultrasound probe 100
includes a transducer T. Here, the transducer T indicates a
device that converts energy in a form into energy in another
form. For example, the transducer T may convert electric
energy into wave energy, and may convert wave energy into
electric energy.

[0082] In detail, the transducer T may include a piezoelec-
tric material or a piezoelectric thin film. When an alternating
current is applied to the piezoelectric material or the piezo-
electric thin film from an internal capacitor such as a battery
or an external power supply device, the piezoelectric material
or the piezoelectric thin film oscillates at a frequency, and
ultrasound at the frequency is generated according to oscil-
lation frequency.

[0083] On the contrary, when an ultrasound echoed at a
frequency arrives at the piezoelectric material or the piezo-
electric thin film, the piezoelectric material or the piezoelec-
tric thin film is allowed to oscillate according to the frequency
of the echoed ultrasound which arrives. Here, the piezoelec-
tric material or the piezoelectric thin film outputs an alternat-
ing current at a frequency corresponding to the oscillation
frequency.

[0084] Also, as the transducer T, various types of transduc-
ers such as a magnetostrictive ultrasonic transducer using a
magnetostrictive effect of a magnetic material, a piezoelectric
ultrasonic transducer using a piezoelectric effect of a piezo-
electric material, a capacitive micromachined ultrasonic
transducer (CMUT) that transmits and receives ultrasound
using the oscillation of several tens or thousands of microma-
chined thin films, etc. may be used. Additionally, different
types of devices capable of generating ultrasound according
to an electric signal or generating an electric signal according
to ultrasound may be also used as the transducer T.

[0085] The ultrasound transceiver 200 applies a driving
signal to the ultrasound probe 100, and focuses an echo signal
received from the ultrasound probe 100. That is, the ultra-
sound transceiver 200 may perform beamforming. In detail,
the ultrasound transceiver 200 includes a receiver 210 and a
transmitter 220.

[0086] The transmitter 220 performs transmission beam-
forming. As shown in FIG. 3, distances between a plurality of
transducers t1 to t5 and a focus F differ from one another.
Accordingly, the transmitter 220 may perform beamforming
to focus ultrasound transmitted to the focus F.

[0087] In detail, the transmitter 220 includes a pulse gen-
erating portion 221 and a first delay portion 222.

[0088] The pulse generating portion 221 generates a pulse
according to a control signal of the pulse controller 330. Here,
the pulse controller 330 outputs a control signal to the pulse

Mar. 3, 2016

generating portion 221 to generate an ultrasound signal cor-
responding to a mechanical index determined by the main
controller 340.

[0089] Meanwhile, the pulse generated by the pulse gener-
ating portion 221 may be a pulse having a pulse repetition
frequency (PRF).

[0090] The first delay portion 222 delays respective pulses
output by the pulse generating portion 221 for times, and then
outputs. The first delay portion 222 includes a plurality of
delayers d1 to d5. Here, the plurality of delayers d1 to d5 is
connected with the transducers t1 to t5, respectively. In detail,
as shown in FIG. 3, the pulses generated by the pulse gener-
ating portion 221 are input to the delayers dl1 to d5, respec-
tively.

[0091] The delayers d1 to d5 delay the input pulses for
times, and then output. Here, the delay times of the respective
delayers d1 to d5 are determined according to the distances
between the respective transducers t1 to t5 and the focus F.
That is, the second delayer d2 to the fourth delayer d4 delay
the input pulses for times and then output to allow ultrasound
signals transmitted from the second transducer t2 to the fourth
transducer t4 to arrive at the focus F when ultrasound signals
transmitted from the first transducer t1 and the fifth trans-
ducer t5, whose distances from the focus F are long, arrive at
the focus F.

[0092] As described above, ultrasound transmitted through
the transducer T is reflected by an object and is incident upon
the transducer T. When an ultrasound echoed by the object is
received like this, the respective transducers t1 to t5 outputs
echo signals corresponding to the received ultrasound. The
echo signals output as described are focused by the receiver
210. Referring to FIG. 4, the receiver 210 includes a second
delay portion 211 and a synthesizing portion 212.

[0093] The second delay portion 211 outputs an input echo
signal for a time. The second delay portion 211 includes a
plurality of delayers d1 to d5. Here, the plurality of delayers
d1 to d5 is connected with the transducers t1 to t5, respec-
tively.

[0094] Here, because distances between the focus F and the
respective transducers t1 to t5 differ from one another, points
in time when the echo ultrasound arrives at the respective
transducers t1 to t5 mutually differ. Accordingly, to focus the
echo signals, the echo signals input to the respective delayers
d1 to d5 are delayed for times and then output.

[0095] For example, the third delayer d3 to which the echo
signal is input first delays the input echo signal until the echo
signals are input to the first delayer d1 and the fifth delayer d5
and then output.

[0096] The synthesizing portion 212 synthesizes the echo
signals output from the respective delayers d1 to d5. Here, the
synthesizing portion 212 may focus the plurality of echo
signals, but may synthesize the respective echo signals by
applying weights thereto. Here, the weights may be deter-
mined regardless of the echo signals, but may be determined
based on the echo signals.

[0097] The image processor 320 generates an ultrasound
image based on the echo signals output from the receiver 210.
For example, the image processor 320 may generate at least
one of an A-mode image, a B-mode image, a D-mode image,
an E-mode image, and an M-mode image based on the echo
signals. In addition, the image processor 320 may generate a
three-dimensional ultrasound image based on a plurality of
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ultrasound images obtained from the echo signals. A method
of processing an ultrasound image will be described below in
detail.

[0098] Here, the image processor 320 may correspond to
oneor more processors. Here, the processors may be provided
as a plurality of logic gate arrays, or may be provided as a
combination of a microprocessor and a memory in which a
program executable in the microprocessor is stored. For
example, the image processor 320 may be provided as a
graphic processor (GPU).

[0099] Referring to FIG. 2 again, the UCA sensor 310
senses an inflow of an UCA.. Due to properties of the UCA, to
effectively generate an UCA image, a mechanical index may
be appropriately adjusted. Hereinafter, a correlation between
the mechanical index and the UCA will be described in detail.
[0100] FIG.5isa graphillustrating a correlation between a
mechanical index and an UCA, according to an exemplary
embodiment.

[0101] Depending on a mechanical index of ultrasound
output from the ultrasound probe 100, a state of the UCA
(e.g., bubbles backscattering) varies. A mechanical index
environment may be defined according to a level of the
mechanical index. The mechanical index environment indi-
cates the level of the mechanical index. As shown in FIG. 5, a
first mechanical index environment MI_1 may be defined as a
mechanical index section in which a linear movement or
response of the UCA is shown, a second mechanical index
environment MI_2 may be defined as a mechanical index
section in which a nonlinear movement of the UCA is shown,
and a third mechanical index environment MI_3 may be
defined as a mechanical index section in which the UCA
collapses or destructs. Also, a random mechanical index
included in the first mechanical index environment may be
defined as a first mechanical index, a random mechanical
index included in the second mechanical index environment
may be defined as a second mechanical index, and a random
mechanical index included in the third mechanical index
environment may be defined as a third mechanical index.

[0102] Indetail, in the third mechanical index environment
MI_3 in which a mechanical index is greater than 0.4, the
UCA collapses and generates backscatter. In the second
mechanical index environment MI_2 in which a mechanical
index is smaller than 0.4 and greater than 0.1, the UCA
nonlinearly moves and generates backscatter. Also, in the first
mechanical index environment MI_1 in which a mechanical
index is smaller than 0.1, the UCA linearly moves.

[0103] Meanwhile, according to oscillation properties of
the UCA, ranges of the first mechanical index environment
MI_1, the second mechanical index environment MI_2, and
the third mechanical index environment MI_3 may vary.
[0104] An UCA image may be obtained by using backscat-
ter which occurs due to the nonlinear movement or collapse of
the UCA. However, in the third mechanical index environ-
ment MI_3 of obtaining a tissue image, because the UCA
rapidly collapses, it may be difficult to obtain a proper UCA
image.

[0105] In addition, when the UCA is injected into a blood
vessel in the third mechanical index environment MI_3, the
UCA rapidly collapses and a cavitation phenomenon occurs,
thereby having a bad effect on an object.

[0106] Accordingly, it is determined whether an UCA
flows into an ultrasound-scanned area, and whether to control
a mechanical index environment depending on whether the
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UCA flows into or not. Hereinafter, a method of determining
an inflow of an UCA will be described in detail with reference
to FIG. 6.

[0107] FIG. 6isagraphillustrating a distribution of'an echo
signal in an environment in which an UCA flows, according
to an exemplary embodiment. FIG. 6 illustrates an echo signal
in a case in which ultrasound at 3.0 Mhz is transmitted. As
shown in FIG. 6, the echo signal may include a fundamental
frequency at 3.0 Mhz but also harmonic frequencies.

[0108] As described above, due to the backscatter of the
UCA, the echo signals are observed not only at the funda-
mental frequency but also at the harmonic frequencies. In
detail, the echo signal is observed at a second harmonic fre-
quency at 6.0 Mhz twice the fundamental frequency, a third
harmonic frequency at 9.0 Mhz three times the fundamental
frequency, a fourth harmonic frequency at 12.0 Mhz four
times the fundamental frequency, and a sub harmonic fre-
quency at 1.5 Mhz half the fundamental frequency.

[0109] Accordingly, when harmonic frequencies are
detected from an echo signal, referring again to FIG. 2, the
UCA sensor 310 may determine that an UCA flows therein. In
more detail, the UCA sensor 310 may determine that the UCA
flows in when a peak of the harmonic frequency is detected,
when a harmonic frequency signal changes more than a
threshold, or when a harmonic frequency signal has a level of
a reference or more.

[0110] Forthis, the UCA sensor 310 may monitor signals in
overall frequency domains of the echo signal.

[0111] The main controller 340 controls the ultrasound
imaging apparatus 1. In detail, the main controller 340
obtains an ultrasound image by appropriately controlling a
mechanical index depending on whether the UCA flows in.
[0112] The main controller 340 may correspond to one or
more processors. Here, the processors may be provided as a
plurality of logic gate arrays, or may be provided as a com-
bination of a microprocessor and a memory in which a pro-
gram executable in the microprocessor is stored.

[0113] In FIG. 2, the main controller 340 and the UCA
sensor 310 are separately provided. However, the main con-
troller 340 and the UCA sensor 310 may be provided as a
single processor. Also, the pulse controller 330 may be
included in the main controller 340.

[0114] Also, the main controller 340 may directly receive
an echo signal, and may generate an ultrasound image. It will
be understood that the image processor 320 may be omitted
when the main controller 340 generates the ultrasound image
as described above.

[0115] Themain controller 340 controls respective compo-
nents to provide an optimal ultrasound image to the user by
properly controlling a mechanical index when an UCA flows
in. Hereinafter, a method of controlling the ultrasound imag-
ing apparatus 1 according to an inflow of an UCA, according
to exemplary embodiments will be described with reference
to FIGS. 7 to 10.

[0116] FIG. 7 is a flowchart illustrating a method of con-
trolling the ultrasound imaging apparatus 1, according to an
exemplary embodiment. FIG. 8 is a flowchart illustrating a
method of obtaining an UCA image, according to an exem-
plary embodiment. FIG. 9 is a view illustrating input pulses
for obtaining an UCA image and echo signals according to the
input pulses, according to an exemplary embodiment. FIG. 10
is a view illustrating a sum of the echo signals shown in FIG.
9.
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[0117] Referring to FIG. 7, in operation S501, the main
controller 340 displays a tissue image obtained in the third
mechanical index environment MI_3. In detail, the main con-
troller 340 may control the pulse controller 330 to transmit an
ultrasound signal of the third mechanical index, and may
control the receiver 210 and the image processor 320 to focus
echo signals, thereby obtaining the tissue image. The tissue
image obtained as described above may be displayed through
the display 60, and may be stored in the storage 70.

[0118] In operation S503, the UCA sensor 310 determines
an inflow of an UCA or whether the UCA flows in the tissue
image. When the UCA flows in (Yes for S503), the method
continues in operation S505. Otherwise, the method returns
to operation S501.

[0119] In operation S505, the main controller 340 displays
an UCA image obtained in the second mechanical index
environment MI_2. In detail, the main controller 340 changes
a mechanical index to be included in the second mechanical
index environment in which the UCA nonlinearly moves and
generates backscatter. According to the control of the main
controller 340, the pulse controller 330 outputs a control
signal to transmit an ultrasound signal in the second mechani-
cal index environment, and the receiver 210 performs beam-
forming on an echo signal corresponding to ultrasound
reflected by the object and then outputs. Also, the image
processor 320 may obtain the UCA image based on the echo
signal on which the beamforming is performed. The UCA
image obtained as described above may be displayed through
the display 60.

[0120] Here, methods of obtaining the tissue image and the
UCA image may differ from each other. The tissue image may
be generated based on a fundamental frequency of the echo
signal, and the UCA image may be generated based on a
frequency band wider than that of the tissue image. For
example, the UCA image may be generated by extracting
only harmonic frequency components from the echo signal.
Hereinafter, pulse inversion imaging that is an example of a
method of generating an UCA image will be described in
detail.

[0121] Referring to FIGS. 8 to 10, in operation S511, the
ultrasound imaging apparatus 1 transmits ultrasound of a first
pulse corresponding to the second mechanical index to an
object. In detail, the pulse controller 330 may output a control
signal to generate a first pulse shown in FIG. 9.

[0122] In operation S512, the ultrasound imaging appara-
tus 1 receives a first echo signal reflected by the object. Here,
the first echo signal reflected by the object includes a first
tissue signal reflected by tissue and a first UCA signal
reflected by an UCA. The first tissue signal is input while
having the same phase as a fundamental frequency due to the
linearity of the tissue, and the first UCA signal is input while
being changed in phase due to a nonlinear movement of the
UCA.

[0123] In operation S513, the ultrasound imaging appara-
tus 1 transmits an ultrasound signal of a second pulse having
a phase opposite to that of the first pulse to the object. In
detail, the pulse controller 330 may output a control signal to
generate a second pulse shown in FI1G. 9.

[0124] In operation S514, the ultrasound imaging appara-
tus 1 receives a second echo signal reflected by the object. The
second echo signal reflected by the object includes a second
tissue signal reflected by the tissue and a second UCA signal
reflected by the UCA. Here, the second tissue signal is input
while having the same phase as the fundamental frequency
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due to the linearity of the tissue, and the second UCA signal
is input while being changed in phase due to the nonlinear
movement of the UCA.

[0125] In operation S515, the ultrasound imaging appara-
tus 1 synthesizes the first echo signal with the second echo
signal. When the first echo signal and the second echo signal
generated by the pulses having opposite phases to each other
are synthesized, the echo signal reflected by the tissue con-
verges on 0 due to the linearity thereof as shown in FIG. 10,
and only the echo signal reflected by the UCA is left. That is,
when the echo signals of ultrasound having opposite phases
are added, a fundamental frequency component is offset, and
only harmonic frequency components are left.

[0126] In operation S516, the ultrasound imaging appara-
tus 1 generates an UCA image based on at least one harmonic
signal. Here, the ultrasound imaging apparatus 1 may gener-
ate the UCA image using at least one of harmonic frequencies
integer multiple times the fundamental frequency and a sub
harmonic frequency, and may generate the UCA image using
a plurality of different harmonic frequencies to improve the
definition of the UCA image.

[0127] Hereinafter, a method of controlling the ultrasound
imaging apparatus 1 according to an inflow of an UCA,
according to another exemplary embodiment will be
described with reference to FIG. 11.

[0128] FIG. 11 is a flowchart illustrating a method of con-
trolling the ultrasound imaging apparatus 1, according to
another exemplary embodiment. Although the ultrasound
imaging apparatus 1 obtains an UCA image by lowering a
mechanical index when an UCA flows therein in FIG. 7, the
ultrasound imaging apparatus 1 may obtain a tissue image in
a state in which the UCA flows therein by controlling the
mechanical index to be lower than that of FIG. 7.

[0129] Referring to FIG. 11, in operation S601, the main
controller 340 displays an ultrasound image obtained in the
third mechanical index environment MI_3.

[0130] In operation S603, the UCA sensor 310 determines
an inflow of an UCA or whether the UCA flows in the ultra-
sound image. When the UCA flows in (Yes for S603), the
method continues in operation S605. Otherwise, the method
returns to operation S601.

[0131] Inoperation S605, the main controller 340 displays
atissue image obtained in the first mechanical index environ-
ment MI_1. As described above, the UCA linearly moves in
the first mechanical index environment MI_1. That is, in the
first mechanical index environment MI_1, backscatter does
not occur. Accordingly, when a mechanical index is set to be
the first mechanical index environment MI_1, the tissue
image may be obtained while minimizing an effect of the
UCA.

[0132] Because the tissue image is obtained while control-
ling the mechanical index to be the first mechanical index
environment MI_1 when the UCA 1is sensed as described
above, a cavitation phenomenon caused by the collapse of the
UCA may be prevented, and additionally the tissue image
may be provided to the user even when the UCA is present in
an ultrasound-scanned area. Although only one of the UCA
image and the tissue image is obtained when the UCA flows
therein in the exemplary embodiments, the ultrasound imag-
ing apparatus 1 may obtain the UCA image and the tissue
image, respectively, while changing the mechanical index.
Hereinafter, another exemplary embodiment for providing an
UCA image and a tissue image together will be described
with reference to FIGS. 12 and 13.
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[0133] FIG. 12 is a flowchart illustrating a method of con-
trolling the ultrasound imaging apparatus 1, according to
another exemplary embodiment. FIG. 13 is a graph illustrat-
ing a mechanical index environment change, according
another exemplary embodiment. Referring to FIGS. 12 and
13, in operation S701, the main controller 340 displays an
ultrasound image obtained in the third mechanical index envi-
ronment MI_3. Here, a range of the third mechanical index
environment MI_3 may vary according to the setting of an
ultrasound apparatus.

[0134] In operation S703, the UCA sensor 310 determines
an inflow of an UCA or whether the UCA flows in the ultra-
sound image. When the UCA flows in (Yes for S703), the
method continues in operation S705. Otherwise, the method
returns to operation S701.

[0135] In operation S705, the main controller 340 obtains
an UCA image in the second mechanical index environment
MI_2 by lowering a mechanical index. For example, the UCA
image may be obtained according to a pulse inversion imag-
ing method.

[0136] Inoperation S707,the main controller 340 obtains a
tissue image in the first mechanical index environment MI_1.
As described above, due to a nonlinear movement of the
UCA, it is difficult to obtain the UCA image and the tissue
image at the same time. Accordingly, the tissue image may be
separately obtained by controlling the mechanical index to be
the first mechanical index environment MI 1 in which the
UCA linearly moves.

[0137] In operation S709, the main controller 340 displays
the UCA image and the tissue image. Here, the UCA image
may be displayed on the first display 61, and the tissue image
may be displayed on the second display 62.

[0138] Also, the main controller 340 may overlap the UCA
image with the tissue image to be displayed on the first dis-
play 61 at the same time.

[0139] Meanwhile, obtaining the tissue image and the UCA
image, as shown in FIG. 13, may be sequentially performed
through time-sharing. For example, for each period T, the
tissue image may be obtained in the first mechanical index
environment MI_1 for a first time a, and the UCA image may
be obtained in the second mechanical index environment
MI_2 for a second time b. Because the tissue image and the
UCA image are obtained periodically as described above, the
tissue image and the UCA image may be provided together to
the user.

[0140] Here, the period T may be a very short time.
Although the second time b in the second mechanical index
environment MI_2 is shown longer than the first time a in the
first mechanical index environment MI_1, the first time a and
the second time b may be the same, or the second time b may
be longer than the first time a.

[0141] TheUCA imageand thetissue image are provided at
the same time by changing the mechanical index environment
as described above, thereby enhancing user convenience.

[0142] Meanwhile, the ultrasound imaging apparatus 1
may allow the UCA which flows therein to collapse, and may
display a flow of an UCA that newly flows therein. Herein-
after, another exemplary embodiment for displaying the flow
of the UCA will be described with reference to FIGS. 14 and
15.

[0143] FIG. 14 is a flowchart illustrating a method of con-
trolling the ultrasound imaging apparatus 1, according to
another exemplary embodiment. FIG. 15 is a graph illustrat-
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ing a mechanical index environment change, according
another exemplary embodiment.

[0144] Referring to FIGS. 14 and 15, in operation S801, the
main controller 340 displays an ultrasound image obtained in
the third mechanical index environment MI_3. Here, a range
of the third mechanical index environment MI_3 may vary
according to the setting of an ultrasound apparatus.

[0145] In operation S802, the UCA sensor 310 determines
an inflow of an UCA or whether the UCA flows in the ultra-
sound image. When the UCA flows in (Yes for S802), the
method continues in operation S803. Otherwise, the method
returns to operation S801.

[0146] Inoperation S803, the main controller 340 transmits
ultrasound in the second mechanical index environment
MI_2 to an object in a first cycle. Here, the first cycle may
have a relatively long pulse cycle to allow a large number of
ultrasound signals to be transmitted per unit time.

[0147] As described above, the UCA does not collapse but
nonlinearly moves in the second mechanical index environ-
ment MI_2. However, the object is continuously scanned with
the ultrasound of the second mechanical index in the first
cycle, and the UCA is scanned with a large amount of ultra-
sound per unit time, thereby allowing the UCA to collapse.
That is, the ultrasound of the second mechanical index is
continuously transmitted in the first cycle, which is relatively
long, thereby allowing the UCA to collapse.

[0148] The UCA is allowed to collapse at a low mechanical
index by controlling a pulse cycle as described above, thereby
preventing the cavitation phenomenon caused by the rapid
collapse of the UCA.

[0149] In operation S804, the ultrasound imaging appara-
tus 1 displays an UCA collapse image obtained based on at
least one echo signal.

[0150] In operation S804, the ultrasound imaging appara-
tus 1 transmits ultrasound of the second mechanical index in
a second cycle. Here, the second cycle is a pulse cycle that
allows the UCA not to collapse but to nonlinearly move as
described above.

[0151] In operation S806, the ultrasound imaging appara-
tus 1 displays an UCA image obtained based on at least one
echo signal. Through the UCA image obtained as described
above, the user may monitor the dispersion of the UCA. As
described above, the UCA flows along a blood vessel of the
object. Accordingly, because the UCA image obtained in the
second cycle after all the UCA in an ultrasound-scanned area
is allowed to collapse in the first cycle is similar to a blood-
stream in the blood vessel, the user may diagnose the blood-
stream using the UCA image obtained in the second cycle.
[0152] Meanwhile, the ultrasound imaging apparatus 1
may display a mechanical index environment together with
the ultrasound image, thereby showing the set mechanical
index environment to the user.

[0153] As is apparent from the above description, an ultra-
sound imaging apparatus that elastically controls a mechani-
cal index and a method of controlling the same in accordance
with exemplary embodiments are provided to provide an
optimal ultrasound image to a user.

[0154] The foregoing exemplary embodiments and advan-
tages are examples and are not to be construed as limiting.
The present teaching may be readily applied to other types of
apparatuses. Also, the description of the exemplary embodi-
ments is intended to be illustrative, and not to limit the scope
of the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.
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What is claimed is:

1. An ultrasound imaging apparatus comprising:

an ultrasound contrast agent (UCA) sensor configured to

determine whether an UCA flows in an object based on
an echo signal that is reflected by the object in a
mechanical index environment; and

a controller configured to obtain at least one among an

UCA image and a tissue image of the object in another
mechanical index environment lower than the mechani-
cal index environment in response to the UCA sensor
determining that the UCA flows in the object.

2. The ultrasound imaging apparatus of claim 1, wherein
the UCA sensor is further configured to:

detect a harmonic frequency signal from the echo signal;

and

determine that the UCA flows in the object in response to

the UCA sensor detecting the harmonic frequency sig-
nal.

3. The ultrasound imaging apparatus of claim 2, wherein
the controller is further configured to:

obtain the UCA image based on the harmonic frequency

signal that is reflected by the UCA; and

obtain the tissue image based on a fundamental frequency

signal that is reflected by tissue of the object.

4. The ultrasound imaging apparatus of claim 1, wherein
the other mechanical index environment comprises a first
mechanical index environment or a second mechanical index
environment, and

the mechanical index environment comprises the third

mechanical index environment.

5. The ultrasound imaging apparatus of claim 4, wherein
the third mechanical index environment is a mechanical index
range in which the UCA collapses,

the second mechanical index environment is a mechanical

index range in which the UCA nonlinearly moves, and
the first mechanical index environment is a mechanical
index range in which the UCA linearly moves.

6. The ultrasound imaging apparatus of claim 5, wherein
the controller is further configured to:

obtain the tissue image in the first mechanical index envi-

ronment; and

obtain the UCA image in the second mechanical index

environment.

7. The ultrasound imaging apparatus of claim 6, wherein
the controller is further configured to:

obtain the UCA image in the second mechanical index

environment for a first time period; and

obtain the tissue image in the first mechanical index envi-

ronment for a second time period.

8. The ultrasound imaging apparatus of claim 4, wherein
the controller is further configured to obtain the UCA image
by controlling a transmitting cycle of ultrasound in the second
mechanical index environment to allow the UCA to collapse.

9. The ultrasound imaging apparatus of claim 1, further
comprising a display configured to display the tissue image
and the UCA image.

10. The ultrasound imaging apparatus of claim 9, wherein
the display is further configured to alternately display the
tissue image and the UCA image.
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11. The ultrasound imaging apparatus of claim 9, wherein
the display is further configured to display a mechanical index
that is used by the ultrasound imaging apparatus.

12. The ultrasound imaging apparatus of claim 1, wherein
the UCA image is generated in a first frequency band, and

the tissue image is generated in a second frequency band

narrower than the first frequency band.

13. The ultrasound imaging apparatus of claim 1, wherein
the UCA image is generated by transmitting ultrasound
according to a pulse inversion method.

14. A method of controlling an ultrasound imaging appa-
ratus, the method comprising:

determining whether an UCA flows in an object based on

an echo signal that is reflected by the object in a
mechanical index environment; and

obtaining at least one among an UCA image and a tissue

image of the object in another mechanical index envi-
ronment lower than the mechanical index environment
in response to the determining that the UCA flows in the
object.

15. The method of claim 14, wherein the determining com-
prises:

detecting a harmonic frequency signal from the echo sig-

nal; and

determining that the UCA flows in the object in response to

the detecting the harmonic frequency signal.

16. The method of claim 14, wherein the other mechanical
index environment comprises a first mechanical index envi-
ronment being a mechanical index range in which the UCA
linearly moves, or a second mechanical index environment
being a mechanical index range in which the UCA nonlin-
early moves, and

the mechanical index environment comprises a third

mechanical index environment being a mechanical
index range in which the UCA collapses.

17. The method of claim 16, wherein the obtaining com-
prises obtaining the UCA image by controlling a transmitting
cycle of ultrasound in the second mechanical index environ-
ment to allow the UCA to collapse.

18. The method of claim 16, wherein the obtaining com-
prises obtaining the tissue image by transmitting ultrasound
in the first mechanical index environment to the object.

19. The method of claim 16, wherein the obtaining com-
prises obtaining the UCA image by transmitting ultrasound in
the second mechanical index environment to the object.

20. An ultrasound imaging apparatus comprising:

an ultrasound contrast agent (UCA) sensor configured to

determine whether an UCA flows in an object based on
aharmonic frequency signal that is reflected by the UCA
in a third mechanical index range in which the UCA
destructs; and

a controller configured to obtain an UCA image of the

object based on a harmonic frequency signal that is
reflected by the UCA in a second mechanical index
range in which the UCA nonlinearly moves, and obtain
a tissue image of the object based on a fundamental
frequency signal that is reflected by the object in a first
mechanical index range in which the UCA linearly
moves, in response to the UCA sensor determining that
the UCA flows in the object.
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