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FIG. 4A

Stationary source
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FIG. 4B

Moving source —s
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FIG. 5
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FIG. 6A




Patent Application Publication  Oct. 15,2015 Sheet 9 of 22 US 2015/0289837 A1

FIG. 6B
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FIG. 7A
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FIG. 7B
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FIG. 8A
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FIG. 9A
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FIG. 10
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FIG. 11A
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FIG. 12
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FIG. 13
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FIG. 14
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ULTRASONIC APPARATUS AND CONTROL
METHOD FOR THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0044451, filed on Apr. 14,2014 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 an ultrasonic
apparatus for imaging an ultrasonic signal and a control
method for the same.

[0004] 2. Description of the Related Art

[0005] Ultrasonic diagnostic apparatuses direct ultrasonic
signals from a surface of an object (e.g., human body) to a
desired region inside the object, and may obtain an image
related to a mono layer of soft tissue or a blood-flow using the
ultrasonic signals reflected from the desired region, in other
words, obtain information of the ultrasonic echo signals in a
non-invasive manner.

[0006] In general, ultrasonic diagnostic apparatuses have a
small size, a low price, a real-time displaying function, and
high safety because of no exposure to radiation, such as X-ray
radiation. Thus, ultrasonic diagnostic apparatuses are widely
used for diagnosis of cardiac disease, breast disease, abdomi-
nal disease, urinary system disease, obstetrics and gyneco-
logic disease, and so on.

[0007] However, certain conventional ultrasonic diagnostic
apparatuses generate ultrasonic images using only magni-
tudes of reflected ultrasonic signals, thus having difficulty in
checking detailed characteristics of a medium into which an
ultrasonic wave is directed. Therefore, recently, an ultrasonic
functional image, which is an ultrasonic image considering
parameters such as elasticity, attenuation, and sound velocity,
has been used in addition to a general ultrasonic image.

SUMMARY

[0008] In general, an ultrasonic apparatus for an ultrasonic
diagnosis provides a B-mode image of an object. However, in
the B-mode image, it is difficult to observe a dynamic organ
inside the object, specifically a movement of blood flow.
Accordingly, the movement of the blood flow may be dis-
played on a screen by acquiring a Doppler image as an ultra-
sonic image.

[0009] In this case, the Doppler image is generated using
the Doppler effect. As an incident angle, which is an angle
between the traveling direction of the blood flow and the
itradiation of the ultrasonic wave, becomes closer to 90
degrees, the velocity of the blood flow becomes more difficult
to measure.

[0010] Accordingly, the exemplary embodiments provide
an ultrasonic apparatus that irradiates a plurality of ultrasonic
waves having different traveling directions onto an objectand
compounds the acquired blood flow velocities to acquire a
composite blood flow velocity and a control method for the
same in order to acquite an accurate blood flow velocity.
[0011] In accordance with an aspect of an exemplary
embodiment, there is provided an ultrasonic apparatus
including a transducer configured to irradiate ultrasonic
waves in different traveling directions onto an object and
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collect echo ultrasonic waves reflected from the object, and a
controller configured to determine blood flow velocities of
blood flowing in the object based on the echo ultrasonic
waves, compound the determined blood flow velocities, and
determine a composite blood flow velocity of the blood flow-
ing in the object based on the compounded blood flow veloci-
ties.

[0012] In accordance with another aspect of an exemplary
embodiment, there is provided an ultrasonic apparatus
including: a transducer configured to irradiate ultrasonic
waves having different traveling directions onto an object and
collect echo ultrasonic waves reflected from the object, a
controller configured to determine blood flow velocities of
blood flowing in the object based on the echo ultrasonic
waves, compound the determined blood flow velocities, and
determine a composite blood flow velocity of the blood flow-
ing in the object based on the compounded blood flow veloci-
ties; and a blood flow image generator configured to generate
ablood flow image of the blood flowing in the object based on
the composite blood flow velocity of the blood flowing in the
object.

[0013] In accordance with another aspect of an exemplary
embodiment, there is provided a method of controlling an
ultrasonic apparatus, the method including: irradiating ultra-
sonic waves in different traveling directions onto an object;
collecting echo ultrasonic waves reflected from the object,
determining blood flow velocities of blood flowing in the
object based on the collected echo ultrasonic waves; com-
pounding the determined blood flow velocities, and determin-
ing a composite blood flow velocity of the blood flowing in
the object based on the compounded blood flow velocities.
[0014] In accordance with another aspect of an exemplary
embodiment, there is provided a method of controlling an
ultrasonic apparatus, the method including: irradiating ultra-
sonic waves in different traveling directions onto an object;
collecting echo ultrasonic waves reflected from the object,
determining blood flow velocities of blood flowing in the
object based on the collected echo ultrasonic waves; com-
pounding the determined blood flow velocities, determining a
composite blood flow velocity of the blood flowing in the
object based on the compounded blood flow velocities; and
generating a blood flow image of the blood flowing in the
object based on the composite blood flow velocity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other aspects of the exemplary
embodiments will become apparent and more readily appre-
ciated from the following description of the exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0016] FIG. 1 is a perspective view showing an ultrasonic
apparatus according to an exemplary embodiment;

[0017] FIG. 2A is a view showing a convex array probe
according to an exemplary embodiment, and FIG. 2B is a
view showing a linear array probe according to an exemplary
embodiment;

[0018] FIG. 3 is a block diagram showing a control con-
figuration of an ultrasonic apparatus according to an embodi-
ment of the present invention;

[0019] FIG. 4A is a view showing an example of measuring
afrequency of a substance inside a stationary object, and FIG.
4B is a view showing an example of measuring a frequency of
asubstance inside an object moved in a direction indicated by
an arrow;
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[0020] FIG. 5 is a view showing a method of measuring a
traveling direction and a velocity of a blood flow using the
Doppler effect;

[0021] FIG. 6Ais aview showing an example ofirradiating
an ultrasonic wave at an incident angle 6, from a transducer,
and FIG. 6B is a view showing an example of irradiating an
ultrasonic wave at an incident angle 8, from a transducer;
[0022] FIG. 7A is a view showing a method of a convex
array probe irradiating an ultrasonic wave at various irradia-
tion angles according to an exemplary embodiment, and FIG.
7B is a view showing a method of a linear array probe irra-
diating an ultrasonic wave at various irradiation angles
according to an exemplary embodiment;

[0023] FIGS. 8A and 8B are views showing a process of
acquiring a complex image through compounding according
to an exemplary embodiment;

[0024] FIG. 9A is a view showing a method of irradiating
an ultrasonic wave to acquire volume data of an object
according to an exemplary embodiment, and FIG. 9B is a
view showing a method of irradiating a plurality of ultrasonic
waves onto a plurality of planes to acquire a spatial composite
blood flow velocity according to an exemplary embodiment;
[0025] FIG. 10 is a view showing an example in which a
cross section of an object is used to acquire a planar compos-
ite blood flow velocity according to an exemplary embodi-
ment;

[0026] FIGS. 11A, 11B, and 11C are views showing a
screen displaying an ultrasonic image that is overlaid on a
blood flow image in a sequence of time points;

[0027] FIG. 12 is a flowchart showing a process of acquir-
ing a composite blood flow velocity according to an exem-
plary embodiment;

[0028] FIG. 13 is a flowchart showing a process of acquir-
ing a planar composite blood flow velocity according to an
exemplary embodiment; and

[0029] FIG. 14 is a flowchart showing a process of acquir-
ing a spatial composite blood flow velocity according to an
exemplary embodiment.

DETAILED DESCRIPTION

[0030] Hereinafter, an ultrasonic apparatus and a control
method for the same according to an exemplary embodiment
will be described in detail with reference to accompanying
drawings.

[0031] FIG. 1 is a perspective view showing an ultrasonic
apparatus 98 according to an exemplary embodiment. As
shown in FIG. 1, the ultrasonic apparatus may include a main
body 100, an ultrasonic probe 110, an input unit 150, a main
display 161, and a sub display 162.

[0032] The main body 100 may be provided with at least
one female connector 145 at one side. A male connector 140
connected to a cable 130 may be physically coupled to the
female connector 145.

[0033] Themainbody 100 may be provided with a plurality
of casters on a lower portion thereof'to facilitate movement of
the ultrasonic apparatus. The casters may be used to fix the
ultrasound apparatus to a predetermined position or to move
the ultrasound apparatus in a predetermined direction.
[0034] The ultrasonic probe 110 is configured to contact a
surface of an object and may be configured to transmit and
receive an ultrasonic wave. Specifically, the ultrasonic probe
110 irradiates a transmission signal, e.g., an ultrasonic signal,
which is provided from the main body 100, inside through the
surface of the object (e.g., human body) to an inside thereof,
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receives an ultrasonic echo signal reflected from a specific
portion of the object, and transmits the received ultrasonic
echo signal to the main body 100. The cable 130 may have one
end connected to the ultrasonic probe 110 and the other end
connected to the male connector 140. The male connector 140
connected to the other end of the cable 130 may be physically
coupled to the female connector 145 of the main body 100.

[0035] Types of the ultrasonic probe will be described with
reference to FIGS. 2A and 2B. FIG. 2A is a convex array
probe according to an exemplary embodiment, and FIG. 2B is
a linear array probe according to an exemplary embodiment.
One or more transducer elements for irradiating and collect-
ing an ultrasonic wave may be provided at a front end of the
ultrasonic probe 110. The type of the ultrasonic probe 110
may be classified according to a shape of an array of the
transducer elements.

[0036] Referring to FIG. 2A, the convex array probe may
have transducer elements that are arranged in a curved shape
and transmit and receive an ultrasonic wave in directions
according to the curved surface. The convex array probe is
mainly used for abdominal diagnosis in obstetrics and gyne-
cology (OB/GYN) and may diagnose a deep body part,
although 1s not limited thereto.

[0037] Incontrast, the linear array probe shown in FIG. 2B
has transducer elements that are arranged in a straight line and
thus transmit and receive an ultrasonic wave in a forward
direction. The linear array probe may be implemented as a
high resolution probe because the linear array probe is mainly
used to inspect a breast, thyroid gland, blood vessel system, or
any other part close to the skin.

[0038] The above-described examples of the ultrasonic
probe 110, which may be used for the ultrasonic apparatus
and the control method for the same according to exemplary
embodiments, are merely two examples of an exemplary
embodiment, and are not limited to the above examples.
Accordingly, in an ultrasonic apparatus and a control method
for the same according to another exemplary embodiment,
the ultrasonic probe may be a two-dimensional (2D) array
probe.

[0039] Referring back to FIG. 1, the input unit 150 is con-
figured to receive a command associated with an operation of
the ultrasonic apparatus. For example, the input unit 150 may
receive a command for selecting a mode such as an amplitude
mode (A-mode), a brightness mode (B-mode), and/or a
motion mode (M-mode) or a command for initiating ultra-
sonic diagnosis. The command received through the input
unit 150 may be transmitted to the main body 100 over wired
or wireless communication.

[0040] Theinputunit150 may include, for example, at least
one of a keyboard, a foot switch, and a foot pedal. The key-
board may be implemented as hardware and positioned on an
upper portion of the main body 100. The keyboard may
include at least one of a switch, a key, a joystick, and a track
ball. Alternatively. the keyboard may be implemented as soft-
ware such as a graphical user interface. In this regard, the
keyboard may be displayed on the main display 161 or the sub
display 162. The foot switch or foot pedal may be disposed at
alower portion of the main body 100. The user may control an
operation of the ultrasonic apparatus using the foot pedal.

[0041] An ultrasonic probe holder 120 for holding the ultra-
sonic probe 110 may be disposed around the input unit 150.
The ultrasonic probe holder 120 may be provided in a plural
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number. The user may place and contain the ultrasonic probe
110 in the ultrasonic probe holder 120 while the ultrasonic
apparatus is not in use.

[0042] A display 160 may include the maindisplay 161 and
the sub display 162.

[0043] The sub display 162 may be disposed at the main
body 100. FIG. 1 illustrates that the sub display 162 is dis-
posed on the input unit 150. The sub display 162 may display
applications associated with an operation of the ultrasonic
apparatus. For example, the sub display 162 may display a
menu or instruction required for ultrasonic diagnosis. The sub
display 162 may include a cathode ray tube (CRT), a liquid
crystal display (LCD), or the like.

[0044] The main display 161 may be disposed at the main
body 100. In FIG. 1, the main display 161 is disposed overthe
sub display 162. The main display 161 may display an ultra-
sonic image obtained during the ultrasonic diagnosis. The
main display 161 may include a CRT, an LCD, or the like in
the same manner as the sub display 162. F1G. 1 illustrates that
the main display 161 is coupled to the main body 100. How-
ever, the main display 161 may be detachably disposed on the
main body 100.

[0045] InFIG. 1, the ultrasonic apparatus is provided with
both the main display 161 and the sub display 162. However,
the sub display 162 may be omitted if necessary. In this case,
the application or menu displayed on the sub display 162 may
be displayed on the main display 161.

[0046] FIG. 3 is a block diagram showing a control con-
figuration of an ultrasonic apparatus according to an exem-
plary embodiment.

[0047] Theultrasonic probe 110 is provided with a plurality
of transducers 114. The transducers 114 may generate an
ultrasonic pulse according to an alternating current applied
from a power source 112, irradiate the ultrasonic pulse onto
an object, receive an echo ultrasonic wave reflected from a
target part inside the object, and convert the received echo
ultrasonic wave into an ultrasonic echo signal, which is an
electrical signal. According to an exemplary embodiment, the
power source 112 may be an external power supply or an
electrical storage device inside the ultrasonic apparatus.
[0048] Each of the transducers 114 may be implemented as
a magnetostrictive ultrasonic transducer using magnetostric-
tion of a magnetic substance, a piezoelectric ultrasonic trans-
ducer using the piezoelectric effect of a piezoelectric mate-
rial, and a capacitive micromachined ultrasonic transducer
(hereinafter simply referred to as a cMUT) transmitting and
receiving an ultrasonic wave by using vibrations of hundreds
or thousands of micro-processed thin films.

[0049] As described above, the ultrasonic probe 110 may
be implemented as different types depending on a type or an
arrangement of the transducers 114.

[0050] When an alternating current is applied from the
power sourceto the transducer 114, a piezoelectric vibrator or
a thin film of the transducer 114 is vibrated to generate an
ultrasonic pulse. The generated ultrasonic pulse is irradiated
onto an object, for example, an object in a human body. The
irradiated ultrasonic pulse is reflected by at least one targeted
part that is positioned at various depths inside the object. The
transducer 114 collects an echo ultrasonic wave, which is the
ultrasonic pulse reflected by the target part and returned, and
converts the collected echo ultrasonic wave into an ultrasonic
echo signal which is an electrical signal.

[0051] After converting the echo ultrasonic wave into the
ultrasonic echo signal, the transducer 114 may generate an
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ultrasonic image (B-mode image) based on the ultrasonic
echo signal. The generated ultrasonic image may be used to
check an inner side of an object during ultrasonic diagnosis.
[0052] Alternatively, the echo ultrasonic wave may be used
to acquire information on a dynamic organ inside the object.
A method of acquiring information ona dynamic organ inside
an object using the echo ultrasonic wave will be described
with reference to FIGS. 4A, 4B. and 5. The dynamic organ
may include a blood vessel. Thus the following description
will be made on the assumption that the dynamic organ is a
blood vessel, although it is understood that the dynamic organ
may be many other types of organs.

[0053] The Doppler effect may be used to acquire an image
ofablood vessel. The Doppler effect is an effect which occurs
when at least one of a wave source that generates a wave and
an observer that observes the wave is moving. A frequency of
the wave becomes higher as the distance between the wave
source and the observer is reduced. Conversely, a frequency
of the wave becomes lower as the distance between the wave
source and the observer is increased.

[0054] FIGS. 4A and 4B are views illustrating the Doppler
effect which is used in ultrasonic diagnosis. F1G. 4A shows an
example of when an ultrasonic probe is positioned at A with
respect to a substance inside an object, and FIG. 4B shows an
example of when the ultrasonic probe is positioned at Band C
with respect to the substance inside the object. In FIGS. 4A
and 4B, it is assumed that a frequency of an ultrasonic wave
irradiated from the ultrasonic probe onto the substance inside
the object is f,.

[0055] As shown in FIGS. 4A and 4B, an ultrasonic wave
may be irradiated onto a substance inside a stationary object.
As described above, a frequency of the irradiated ultrasonic
wave is f;. When the irradiated ultrasonic wave is reflected by
the substance inside the stationary material, an ultrasonic
probe positioned at a position A may collect an echo ultra-
sonic wave reflected by the substance inside the stationary
material. In this case, since the substance inside the object is
stationary, the Doppler effect does not occur. Accordingly, the
collected echo ultrasonic wave has the same frequency as the
irradiated infrasonic wave, irrespective of a position of the
ultrasonic probe, thereby having the frequency {, at the posi-
tion A.

[0056] Unlike in FIG. 4A, the ultrasonic wave having the
frequency f, may be irradiated onto a substance inside a
moving object. The irradiated ultrasonic wave is reflected by
the substance inside the object and collected in the form of an
echo ultrasonic wave by the ultrasonic probe positioned at
positions B and C.

[0057] In the case when the substance inside the object
moves in a direction indicated by an arrow in FIG. 4B, a
wavelength of the echo ultrasonic wave is lengthened in an
opposite direction to the direction indicated by the arrow.
Accordingly, an ultrasonic probe positioned at the position B
collects an echo ultrasonic wave having a frequency less than
f, which is a frequency of the irradiated ultrasonic wave.
[0058] Conversely, the wavelength of the echo ultrasonic
wave is compressed and shortened in a direction in which the
substance inside the object moves. Accordingly, an ultrasonic
probe positioned at the position C, toward which the sub-
stance inside the object moves, collects an echo ultrasonic
wave having a frequency greater than f, which is a frequency
of the irradiated ultrasonic wave.

[0059] Such an effect may be applied to an ultrasonic diag-
nosis for blood vessels. The echo ultrasonic wave collected
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after an ultrasonic wave irradiated from the ultrasonic probe
onto the object collides with a red blood cell flowing through
ablood vessel and returns has a different frequency from the
irradiated ultrasonic wave. The difference may be used to
perform imaging.

[0060] As described above, when the ultrasonic probe is
positioned forward of the direction in which a red blood cell
is moving, the frequency of the collected echo ultrasonic
wave is higher than that of the irradiated ultrasonic wave.
Conversely, if the ultrasonic probe is positioned rearward of
the direction in which the red blood cell is moving, the fre-
quency of the collected echo ultrasonic wave is lower than
that of the irradiated ultrasonic wave. That is, a traveling
direction and a velocity of a blood flow may be checked by
comparing the frequency of the echo ultrasonic wave with the
frequency of the irradiated ultrasonic wave.

[0061] FIG. 5 shows a method of measuring a traveling
direction and a velocity of a blood flow using the Doppler
effect. In order to check a traveling direction and a velocity of
a blood flow flowing through a blood vessel, an ultrasonic
wave is irradiated onto the object at an incident angle of 6. In
this case, a frequency of the irradiated ultrasonic wave is f,,.
[0062] The ultrasonic wave irradiated into the object is
reflected by a red blood cell flowing through a blood vessel
and collected by an ultrasonic probe. A frequency of the
collected echo ultrasonic wave is changed by f, relative to an
initial frequency f of the irradiated ultrasonic wave. A fre-
quency variation f; may be calculated using Equation 1
below:

2, [Equation 1]
= ——cosf
fa oS

where f, is a frequency variation between an irradiated ultra-
sonic wave and a collected echo ultrasonic wave, ¢ is an
ultrasonic sound velocity, f, is a frequency of the irradiated
ultrasonic wave, 0 is an incident angle that is an angle
between an irradiation direction of the ultrasonic wave and a
traveling direction of a blood flow, and v is a velocity of the
blood flow.

[0063] Ifthe frequency f, ofthe irradiated ultrasonic wave,
the frequency variation f; between an irradiated ultrasonic
wave and a collected echo ultrasonic wave, the ultrasonic
sound velocity ¢, and the incident angle 6 are known, the
velocity of the blood flow may be found using Equation 1. In
this case, a sign of f, may indicate a direction of the blood
flow.

[0064] FIG.6A is aview showing an example ofirradiating
an ultrasonic wave at an incident angle 6, from a transducer.
As shown in FIG. 6A, an ultrasonic wave irradiated from the
transducer 114 in the ultrasonic probe 110 onto the object
travels into a blood vessel at an incident angle 0,. The ultra-
sonic wave traveling into the blood vessel may be reflected by
a red blood cell inside the blood vessel and collected as an
echo ultrasonic wave by the ultrasonic probe. The traveling
direction and the velocity of the blood flow may be obtained
using Equation 1 on the basis of frequencies of the irradiated
ultrasonic wave and the reflected echo ultrasonic wave.
[0065] However, when the Doppler effect is considered to
acquire the traveling direction and velocity of the blood flow,
the acquired information may vary depending on the angle 6
between the irradiation direction of the ultrasonic wave and
the traveling direction of the blood flow. Specifically, as seen
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from Equation 1, when 6 increases, cos 6 decreases and thus
the frequency variation f, decreases. When the frequency
variation f, decreases, the acquired blood flow velocity may
decrease, thereby making the accurate blood flow informa-
tion difficult to obtain.

[0066] To solve this problem, a method of acquiring a com-
posite blood flow velocity based on a plurality of blood flow
velocities may be used. Since the plurality of blood flow
velocities should be acquired in order to acquire the compos-
ite blood flow velocity, a plurality of ultrasonic waves having
different incident angles should be irradiated onto the object.
A method of an ultrasonic probe irradiating a plurality of
ultrasonic waves having different traveling directions will be
described below.

[0067] FIG. 6B is a view showing an example of irradiating
ultrasonic waves at incident angles 6, from an ultrasonic
probe 110. When an ultrasonic wave is irradiated onto an
object in several directions rather than in only one direction,
an incident angle, which is an angle between the traveling
direction of the blood flow and the irradiation direction of the
ultrasonic wave, may be changed. When the traveling direc-
tion and velocity of the blood flow are obtained using Equa-
tion 1 for each of the various incident angles, a plurality of
blood flow velocities for the incident angles may be obtained.
The acquired plurality of blood flow velocities may be used to
acquire one composite blood flow velocity.

[0068] As shown in FIGS. 6A and 6B, ultrasonic waves
having incident angles 0, and 0, with respect to a common
point P may be irradiated. A blood flow velocity may be
acquired for each incident angle using a frequency difference
between the irradiated ultrasonic wave and the reflected echo
ultrasonic wave. A composite blood flow velocity may be
obtained based on the obtained plurality of blood flow veloci-
ties. The composite blood flow velocity may have a higher
accuracy than a blood flow velocity that is acquired using an
ultrasonic wave irradiated in only one direction. In order to
acquire the composite blood flow velocity, the plurality of
blood flow velocities may be composed through a compound-
ing process.

[0069] As described above, the ultrasonic probe 110 may
be implemented as different types depending on a type or an
arrangement of the transducers 114 installed in the ultrasonic
probe 110. A method of irradiating a plurality of ultrasonic
waves having different traveling directions from the ultra-
sonic probe 110 may be determined depending on the type of
the ultrasonic probe 110.

[0070] FIG. 7A is a view showing a method of using an
ultrasonic probe 110 implemented as a convex array probe to
irradiate an ultrasonic wave at various irradiation angles
according to an exemplary embodiment, and FIG. 7B is a
view showing a method of using an ultrasonic probe 110
implemented as a linear array probe 110 to irradiate an ultra-
sonic wave at various irradiation angles according to an
exemplary embodiment. A solid line and a dashed line indi-
cate ultrasonic waves that are irradiated from the transducers
114 and that have different traveling directions, respectively.

[0071] In a convex array probe, since the transducers 144
are arranged along a curved surface, an ultrasonic wave trav-
els in the direction shown in FIG. 7A. Accordingly, a plurality
of ultrasonic waves having different traveling directions may
be irradiated by mechanically moving a position of the ultra-
sonic probe 110. Referring to FIG. 7A, ultrasonic waves may
be irradiated in a solid-line direction and a dotted-line direc-
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tion, and in this case, a compounding process may be per-
formed on an overlapping region.

[0072] Unlike the convex array probe, the linear array
probe may generate only an ultrasonic wave traveling directly
forward. Therefore, in order to change a traveling direction of
the irradiated ultrasonic wave, the ultrasonic wave may be
steered to another direction through electronic calculation.
[0073] Each element of the linear array probe performs
focusing with its own delay upon irradiating an ultrasonic
wave. When the focusing is controlled such that a plurality of
elements may have symmetrical delays with respect to the
center of the elements, an element positioned at the center
appears to irradiate the ultrasonic wave, which is called a scan
line. If some elements have asymmetrical delays, the scan line
is formed at a certain angle. This asymmetrical delay may
have the same effect as an ultrasonic wave being bent and then
irradiated in an opposite direction. In FIG. 6B, respective
ultrasonic waves travel along the solid line and dashed line by
steering the linear array probe, and compounding may be
performed on an overlapping portion.

[0074] Alternatively, a two-dimensional (2D) array probe
enables ultrasonic waves to be irradiated in more directions
than the ultrasonic waves irradiated by the ultrasonic probes
110 shown in FIGS. 6A and 6B. Specifically, a one-dimen-
sional (1D) array probe such as a convex array probe or linear
array probe allows irradiation of only an ultrasonic wave
traveling in the same plane, whereas a 2D array probe in
which elements are arranged in 2D allows irradiation of ultra-
sonic waves traveling in different planes, thereby enabling the
traveling direction of the ultrasonic wave to be expressed as a
3D vector. A spatial composite blood flow velocity may be
acquired from an object by using such a characteristic, which
will be described below.

[0075] When ultrasonic waves having different traveling
directions are irradiated onto an object, echo ultrasonic waves
corresponding to the ultrasonic waves may be acquired. In
this case, an irradiation time of the ultrasonic wave and a
collection time of the echo ultrasonic wave may be delivered
to the main body 100 through a wired or wireless communi-
cation network.

[0076] Referring back to FIG. 3, a controller 200 may
acquire a plurality of blood flow velocities based on incident
angles of the plurality of ultrasonic waves having different
traveling directions, and compound the acquired plurality of
blood flow velocities to acquire a composite blood flow veloc-
ity. In this case, the blood flow velocity may be acquired using
the delivered frequencies of the irradiated ultrasonic wave
and the collected echo ultrasonic wave that are delivered from
the transducer 114. However, such a method is merely an
example of a method of acquiring the blood flow velocity
according to an exemplary embodiment, but is not limited to
the above example.

[0077] Specifically, the controller 200 may include a blood
flow velocity acquisition unit 210 (e.g., blood flow velocity
acquisition acquirer) configured to acquire a blood flow
velocity for each incident angle from a frequency difference
between the irradiated ultrasonic wave and the collected echo
ultrasonic wave and a calculation unit 220 (e.g., calculator)
configured to compound the acquired plurality of blood flow
velocities according to a compounding algorithm to acquire a
composite blood flow velocity. Furthermore, when the com-
posite blood flow velocity acquired by the calculation unit
220 is a planar composite blood flow velocity, the controller
200 may include a planar composition unit 230 (e.g., planar
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composer) configured to compound planar composite blood
flow velocities to acquire a spatial composite blood flow
velocity.

[0078] The blood flow velocity acquisition unit 210 may
use frequencies of the irradiated ultrasonic wave and the
collected echo ultrasonic wave in order to acquire a blood
flow velocity of an object. As described above, the Doppler
effect may be used to find the blood flow velocity using
Equation 1. Accordingly, the blood flow velocity may be
acquired based on a frequency of an irradiated ultrasonic
wave, an incident angle, a sound velocity of the ultrasonic
wave, and a frequency difference between the ultrasonic wave
and an echo ultrasonic wave.

[0079] Different traveling directions of the irradiated ultra-
sonic waves denote different incident angles, which are
angles between the traveling direction of the blood flow and
the irradiation directions of the ultrasonic waves. Accord-
ingly, frequencies of the echo ultrasonic waves are different,
corresponding to the different incident angles, and a plurality
of blood flow velocities obtained using Equation 1 on the
basis of the different frequencies may be different from one
another. That is, the blood flow velocities of the object that are
obtained according to the traveling directions of the irradiated
ultrasonic waves may be different.

[0080] The calculation unit 220 may compound the plural-
ity of blood flow velocities acquired according to the traveling
direction of the ultrasonic wave to acquire a composite blood
flow velocity. In this case, the compounding may be per-
formed based on a compounding algorithm that is previously
stored or inputted by a user or internal calculation.

[0081] The compounding process is an ultrasonic wave
technique for combining several screens obtained at different
angles to acquire one complex image. With this technique, it
is possible to reduce an artifact of an image to increase an
image quality, compared to an existing ultrasonic technique.
It is also possible to quantitatively reduce a speckle noise in
the complex image, thus facilitating discovery of a lesion,
especially when the contrast is low, and determination of a
boundary of the lesion. Accordingly, the enhanced complex
image may be obtained by suppressing artifacts such as a
speckle noise.

[0082] FIGS. 8A and 8B are views showing a process of
acquiring a coniplex image through compounding according
to an exemplary embodiment. As shown in FIG. 8A, ultra-
sonic waves having different directions are irradiated onto an
object, and thus a plurality of ultrasonic images are acquired.
The left image is acquired by irradiating an ultrasonic wave at
a 45 degree angle to the left, the middle image is acquired by
irradiating an ultrasonic wave directly forward, and the right
image is acquired by irradiating an ultrasonic wave at a 45
degree angle to the right. A dashed-circle or part thereof
denotes an object in each ultrasonic image. It can be seen that
a figure of an object shown in an ultrasonic image is changed
with respect to a traveling direction of the ultrasonic wave.
FIG. 8A illustrates an example in which the ultrasonic waves
are irradiated in three directions. However, the number of the
irradiation directions is not limited thereto, and may be two or
more than three.

[0083] FIG. 8B shows a process of compounding a plurality
of ultrasonic images acquired as shown in FIG. 8A to acquire
a composite image. When respective images are adjusted to
overlap in consideration of steering angles, an overlapping
region corresponds to the composite image. A shaded area in
FIG. 8B is an image overlapping region in FIG. 8A, which
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indicates the composite image. A pixel value in the overlap-
ping region may be determined by a compounding algorithm.
[0084] The compounding technique is applicable to an
ultrasonic parametric image obtained by imaging detailed
characteristics of an object in addition to a general ultrasonic
image. Recently, research has been conducted on a technique
for applying the compounding technique to ultrasonic elas-
tography.

[0085] The compounding technique may be applied to a
blood flow velocity which is a critical parameter in ultrasonic
diagnosis. The calculation unit 220 may receive the plurality
of blood flow velocities acquired based on a plurality of
incident angles from the blood flow velocity acquisition unit
210 and compound the plurality of blood flow velocities to
acquire the composite blood flow velocity.

[0086] The calculation unit 220 may perform the com-
pounding technique according to a compounding algorithm
to acquire the composite blood flow velocity. The result may
be changed according to the compounding algorithm, which
may be selected by a command input through a user or an
internal calculation. A mean algorithm, a median filtering
algorithm, a root mean square algorithm, a maximum algo-
rithm, and a minimum algorithm will be described below as
exemplary embodiments of the compounding algorithm.
[0087] The mean algorithm (or the linear average algo-
rithm) is a compound algorithm, which is the most common
and widely used in current medical devices. For example, All
N number of values of A are added and then divided by N. The
mean algorithm is calculated using Equation 2 below:

Al +Ary+As+.. + Ay
N

[Equation 2]
COMPyyoey =

where comp,,.,., 15 a composite blood flow velocity at a spe-
cific position of an object, A is a blood flow velocity in the
object according to a traveling direction of an ultrasonic
wave, and N is the number of acquired blood flow velocities.
[0088] The median filtering algorithm is a filtering tech-
nique for smoothing all values with reference to ambient
values. When values in a specific region are aligned in order
of size, a median is an output value. A one-dimensional (1D)
median filter is applied to the plurality of blood flow veloci-
ties. The median filtering algorithm is calculated using Equa-
tion 3 below:

COMP,, gige=tmedian(d 45,45, .. ., Ay) [Equation 3]

where comp,,, .., 15 a composite blood flow velocity at a
specific position of an object, A is a blood flow velocity in the
object according to a traveling direction of an ultrasonic
wave, and N is the number of acquired blood flow velocities.

[0089] The root mean square algorithm may assign a
weight to the magnitude of the blood flow velocity by using
the square of the blood flow velocity. The root mean square
algorithm is calculated using Equation 4 below:

VatsAdeale+4)) (Fquation 4]

where comp,,,, is acomposite blood flow velocity at a specific
position of an object, A is a blood flow velocity in the object
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according to a traveling direction of an ultrasonic wave, and N
is the number of acquired blood flow velocities.

[0090] The maximum algorithm compares blood flow
velocities and determines the maximum blood flow velocity
as the composite blood flow velocity. The maximum algo-
rithm is calculated using Equation 5 below:

COMP, e, —Max (4, 45,45, . .., Ay) [Equation 5]

where comp,, . is a composite blood flow velocity at a spe-
cific position of an object, A is a blood flow velocity in the
object according to a traveling direction of an ultrasonic
wave, and N is the number of acquired blood flow velocities.
[0091] The minimum algorithm compares blood flow
velocities and determines the minimum blood flow velocity
as the composite blood flow velocity. The minimum algo-
rithm is calculated using Equation 6 below:

COMP, ,;,=MiN(A4 ), 45,43, . .., Ay) [Equation 6]

where comp,,,,, is acomposite blood flow velocity at a specific
position of an object, A is a blood flow velocity in the object
according to a traveling direction of an ultrasonic wave, and N
is the number of acquired blood flow velocities.

[0092] Another compounding algorithm may be used in
addition to the above-described compounding algorithms.
The ultrasonic apparatus and the control method for the same
according to exemplary embodiments are not limited to any
particular compounding algorithms.

[0093] The calculation unit 220 may compound a plurality
of blood flow velocities to acquire a composite blood flow
velocity. In this case, the composite blood flow velocity may
be a planar composite blood flow velocity. When the trans-
ducers 114 are arranged in one dimension (for example, in a
z-axis direction), an ultrasonic wave irradiated by each of the
transducers 114 travels in the same plane (for example, x-z
plane). In addition, since steering is performed along a direc-
tion (z axis) in which the transducers 114 are arranged, ultra-
sonic waves irradiated before and after the steering travel in
the same plane (for example, x-z plane) although directions in
which the ultrasonic waves travel are different. Accordingly,
information on a cross section of an object in the plane (for
example, -z plane) in which the ultrasonic waves travel may
be obtained. In this case, the information may include blood
flow velocities. Hereinafter, the acquired blood flow veloci-
ties are each referred to as a planar composite blood flow
velocity.

[0094] Theplanar composition unit 230 may compound the
acquired planar composite blood flow velocity to acquire a
spatial composite blood flow velocity. FIG. 9A is a view
showing a method of irradiating an ultrasonic wave to acquire
volume data of an object according to an exemplary embodi-
ment. As shownin FIG. 9A, in general, the volume data of the
objectis obtained by acquiring and combining information on
aplurality of cross sections. While the ultrasonic probe 110 is
moved in a direction (y-axis) perpendicular to the cross sec-
tions, information on each of the cross sections is acquired
and added to acquire volume data.

[0095] When desired volume data indicates a blood flow
velocity in an object, the volume data may be obtained by
irradiating a plurality of ultrasonic waves that travel in differ-
ent directions in different planes to the object and classifying
aplurality of blood flow velocities in an object, corresponding
to each plane. If the classified blood flow velocities are com-
pounded, a planer composite blood flow velocity in the object
may be acquired for each plane. Furthermore, a spatial com-
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posite blood flow velocity in the object may be obtained by
compounding the planar composite blood flow velocities
acquired for the planes.

[0096] Specifically, referring to FIG. 9B, a plurality of
ultrasonic waves al, a2, b1, b2, c1, and ¢2 which travel in
different directions in a plurality of planes A, B, and C may be
irradiated onto an object. In this case, it is assumed that al and
a2, which travel in the plane A, are included in an ultrasonic
group A, b1 and b2, which travel in the plane B, are included
in an ultrasonic group B, and c1 and ¢2, which travel in the
plane C, are included in an ultrasonic group C.

[0097] First, blood flow velocities of the object correspond-
ing to ultrasonic waves in each group are acquired. That is, a
blood flow velocity of an object corresponding to the ultra-
sonic group A (al and a2), which travels in the plane A, is
acquired, a blood flow velocity of the ultrasonic group B (b1
and b2), which travels in the plane B, is acquired, and a blood
flow velocity of the ultrasonic group C (c1 and c2), which
travels in the plane C, is acquired.

[0098] Blood flow velocities are classified and acquired for
each group, and then the plurality of blood flow velocities in
the same group are compounded. Accordingly, blood flow
velocities of the ultrasonic waves al and a2 in the ultrasonic
group A are compounded. A result (a) of the compounding of
the blood flow velocities of the ultrasonic waves al and a2
indicates a planar composite blood flow velocity in an object
corresponding to the plane A. Similarly, a planar composite
blood flow velocity (b) in the object corresponding to the
plane B may be acquired by compounding the blood flow
velocities of the ultrasonic waves bl and b2, and a planar
composite blood flow velocity (¢) in the object corresponding
to the plane C may be acquired by compounding the blood
flow velocities of the ultrasonic waves ¢l and ¢2.

[0099] A spatial composite blood flow velocity may be
acquired based on the planar composite blood flow velocities
acquired through the above process. In FIG. 9B, a spatial
composite blood flow velocity in an object may be acquired
by compounding planar blood flow velocities a, b, and ¢ in an
object corresponding to the planes A, B, and C.

[0100] Unlike in FIGS. 9A and 9B, which show that a
planar composite blood flow velocity is acquired while mov-
ing the ultrasonic probe 110 in a direction (y-axis) perpen-
dicular to the cross sections, the cross sections used to acquire
the planar composite blood flow velocity may intersect with
one another. In this case, an intersection region may be in the
form of a straight line, and the planar composition unit 230
may perform the compounding on the intersection region
according to the above-described compounding algorithms.
A spatial composite blood flow velocity may also be found
through such a method.

[0101] FIG. 10 is a view showing an example in which a
vertical cross section of an object is used to acquire a planar
composite blood flow velocity according to an exemplary
embodiment. First, an element arrangement direction of the
transducers 114 may be adjusted to a z-axis and then an
ultrasonic wave may be irradiated (operation m). A planar
composite blood flow velocity in a cross section of an object
in an x-z plane may be acquired based on the irradiated
ultrasonic wave. Subsequently, the element arrangement
direction of the transducers 114 may be adjusted to a y-axis
and then an ultrasonic wave may be irradiated (operation n).
As a result, a planar composite blood flow velocity in a cross
section of an object in an x-y plane may be acquired. In this
case, an intersection region k is formed along an x-axis, and a
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blood flow velocity therein may be acquired by compounding
the planar composite blood flow velocities for the cross sec-
tions.

[0102] FIG. 10 shows that a planar composite blood flow
velocity in a vertical cross section of an object is acquired
when the transducers are arranged in one dimension. How-
ever, the transducers may be arranged in two dimensions. In
this case, a spatial composite blood flow velocity may be
acquired by electrically irradiating a plurality of ultrasonic
waves traveling in different planes onto an object while an
ultrasonic probe is not physically moved.

[0103] Since the planar composite blood flow velocity is
acquired by irradiating ultrasonic waves traveling in the same
plane, the planar composite blood flow velocity may be
expressed as a two-dimensional (2D) vector. However, the
object is actually in the three-dimensional (3D) form, and
thus the blood flow velocity should be expressed as a 3D
vector in order to have a more accurate value. As such, the
blood flow velocity expressed as the 3D vector may be
acquired by compounding planar composite blood flow
velocities into a spatial composite blood flow velocity. The
acquired blood flow velocity may be closer to an actual blood
flow velocity, compared to the blood flow velocity that is
expressed as a 2D vector.

[0104] Referring back to FIG. 3, the blood flow image
generator 180 may generate a blood flow image for an object
on the basis of the composite blood flow velocity acquired
through the above process. The user may easily diagnose
heart disease and cardiovascular disease of an object using the
generated blood flow image.

[0105] A blood flow image that may be generated based on
a traveling direction and a velocity of the blood flow may
include a spectral Doppler image, a color flow image, a 3D
flow image.

[0106] The spectral Doppler image is an image that is gen-
erated on the basis of blood flow information measured at a
point of interest. With the Doppler effect, a variation of a
blood flow over time may be displayed on a screen. The
variation may be displayed as a Doppler spectrum on the
screen on the basis of information on a measured velocity and
direction of the blood flow.

[0107] The color flow image may show a planar blood flow
in the form of a tomographic image. In the color flow image,
for example, a color indicates a traveling direction of the
blood flow, and a brightness indicates a velocity of the blood
flow. An average velocity, a direction, turbulence, and so on
may be displayed in different colors in the color flow image.
[0108] The 3D flow image is an image representing the
blood flow in a volume of an object, unlike the color flow
image representing a tomographic image of an object. As
described above, the 3D flow image may be generated using
a spatial composite blood flow velocity in the object. Specifi-
cally, the 3D flow image may be generated because there is a
spatial composite blood flow velocity for each point inside the
object and the spatial composite blood flow velocity can be
expressed as a 3D vector. The blood flow may be represented
in gray-scale or many other types of color representation
formats.

[0109] The above-described flow images may be video
images. Accordingly, a user may check the traveling direction
and velocity of the blood flow in real time and also may check
the presence of cardiovascular disease in a short time.
[0110] Exemplary embodiments of the flow image have
been described above. However, the flow image in the ultra-
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sonic apparatus and the control method for the same are not
limited thereto, and may include an image generated based on
the information on the traveling direction and velocity of the
blood flow.

[0111] Referring back to FIG. 3, a beamformer 170 may
focus echo ultrasonic waves delivered from a transducer and
generate an ultrasonic image based on the focused echo ultra-
sonic waves. In this case, the generated ultrasonic image is
based on information acquired according to a degree of
reflection of the ultrasonic wave based on a medium inside an
object. The image generated by the beamformer 170 may be
a B-mode image.

[0112] Alternatively, the image generated by the beam-
former 170 may be a composite ultrasonic image. Since ultra-
sonic waves having different traveling directions are irradi-
ated onto an object in order to obtain a composite blood flow
velocity, a plurality of echo ultrasonic waves may be
acquired. The beamformer 170 may compound a plurality of
ultrasonic images converted based on the plurality of echo
ultrasonic waves to acquire a composite ultrasonic image.
The acquired composite ultrasonic wave may reduce an arti-
fact, thus improving resolution.

[0113] The matching unit 190 may receive a blood flow
image from the blood flow image generator 180, find a cor-
responding point of an object corresponding to the blood flow
image, and find a corresponding pixel representing the corre-
sponding point in an ultrasonic image received from the
beamformer 170. That is, the matching unit 190 may check
which point of an object corresponds to the blood flow image
and find a pixel representing the checked point in an ultra-
sonic image. Through this process, the blood flow image may
correspond to a specific pixel of the ultrasonic wave on a
one-to-one basis.

[0114] The display 160 may receive information on the
corresponding pixel from the matching unit, overlay the
blood flow image on the ultrasonic image based on the
received information on the corresponding pixel, and display
the overlay image on a screen. If the blood flow image corre-
sponds to a specific point of a blood vessel and the corre-
sponding point corresponds to a specific pixel ofan ultrasonic
image, the blood flow image may be overlaid on the ultrasonic
image by displaying the blood flow image at a position of the
corresponding pixel.

[0115] When the blood flow images are used to generate
video images, the video images displayed on the screen may
be related to a blood flow moving in a blood vessel. FIGS.
11A, 11B, and 11C are views showing a screen displaying a
blood flow image that is overlaid on an ultrasonic image as a
sequence of time points t, t,, and t;.

[0116] As described above, the ultrasonic image may be
acquired using a characteristic in which a reflectance of an
ultrasonic wave varies depending on a medium inside an
object. Accordingly, the ultrasonic image may include infor-
mation about an internal structure of the object. The internal
structure of the object may be in the form of a blood vessel.

[0117] When blood flow images varying over time are
acquired in the form of video images, it is possible to check a
position in the blood vessel where the blood flows for each
frame of the blood flow image and to display the blood flow in
a pixel representing a point of a blood vessel where a blood
flows in the ultrasonic image.

[0118] Forexample, as shown in FIGS. 11A,11B, and 11C,
the form of the blood vessel may be acquired through the
ultrasonic image and remain constant irrespective of time.
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The blood flow may be overlaid on a pixel representing a
blood vessel of the ultrasonic image. Since the blood flows
through the blood vessel over time, the blood flow may be
displayed on a screen of the display 160 such that the blood
flow may be observed at different positions of the blood
vessel.

[0119] FIG. 12 is a flowchart showing a process of acquir-
ing a composite blood flow velocity according to an exem-
plary embodiment.

[0120] First, aplurality of ultrasonic waves having different
traveling directions are irradiated onto an object in operation
400. A method of irradiating ultrasonic waves having differ-
ent directions may vary depending on the ultrasonic probe
110. A convex array probe may irradiate the ultrasonic waves
while adjusting a steering angle using a mechanical steering
method. A linear array probe may irradiate the ultrasonic
waves while adjusting a steering angle using an electronic
steering method. Alternatively, a two-dimensional (2D) array
probe may be used to irradiate the ultrasonic waves having
different traveling directions.

[0121] The reason the ultrasonic waves are irradiated in
different traveling directions is that a method of finding blood
flow velocities in several directions to acquire a composite
blood flow velocity may be more accurate than a method of
measuring a blood flow velocity of an object in only one
direction.

[0122] Aftertheplurality of ultrasonic waves are irradiated,
a plurality of echo ultrasonic waves corresponding thereto
may be collected in operation 410. When a frequency of each
of the collected echo ultrasonic waves is checked, a blood
flow velocity of an object may be acquired based on the
checked frequency.

[0123] Next, a frequency difference between the irradiated
ultrasonic waves and the collected echo ultrasonic waves may
be found, and then the blood flow velocity may be acquired
based on the frequency difference in operation 420. The fre-
quency difference between the irradiated ultrasonic wave and
the collected echo ultrasonic wave may be expressed in an
equation for the blood flow velocity. The equation corre-
sponds to Equation 1, described above.

[0124] Since the found blood flow velocity is measured
based on an ultrasonic wave traveling along one path, a plu-
rality of blood flow velocities corresponding to the traveling
directions of the irradiated ultrasonic waves may be acquired.
[0125] Lastly, the plurality of blood flow velocities may be
compounded to acquire a composite blood flow velocity in
operation 430. The difference from an actual blood flow
velocity may be reduced by compounding different blood
flow velocities at the same point to acquire a composite blood
flow velocity.

[0126] The compounding may be performed based on a
compounding algorithm that is previously stored, inputted by
a user, or determined by an internal operation. The types of
compounding algorithms include a mean algorithm, a median
filtering algorithm, aroot mean square algorithm, a maximum
algorithm, and a minimum algorithm. However, the com-
pounding algorithms are merely examples and may include
any other algorithm that may find a composite blood flow
velocity through compounding.

[0127] FIG. 13 is a flowchart showing a process of acquir-
ing a planar composite blood flow velocity according to an
exemplary embodiment. According to an exemplary embodi-
ment, the planar composite blood flow velocity may be
acquired on the assumption that elements of the ultrasonic
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probe 110 are arranged in one dimension and the irradiated
ultrasonic wave is steered in a direction in which the elements
are arranged.

[0128] First, a plurality of ultrasonic waves that travel in
different directions and in the same plane are irradiated onto
an object in operation 500. When the irradiated ultrasonic
waves are steered to directions according to an arrangement
of the transducers 114, the irradiated ultrasonic waves do not
have a component perpendicular to the direction in which the
transducers 114 are facing, and thus the irradiated ultrasonic
waves travel in the same plane.

[0129] A plurality of echo ultrasonic waves may be col-
lected corresponding to the irradiated plurality of ultrasonic
waves in operation 510. A blood flow velocity may be
acquired using a frequency difference between the irradiated
ultrasonic waves and the collected echo ultrasonic waves in
operation 520. The blood flow velocity in the object is
acquired for each incident angle of the irradiated ultrasonic
waves.

[0130] Lastly, the acquired plurality of blood flow veloci-
ties may be compounded to acquire a planar composite blood
flow velocity in operation 530. In this case, the acquired
planar composite blood flow velocity denotes a blood flow
velocity of an object corresponding to a plane in which the
plurality of ultrasonic waves travel.

[0131] FIG. 14 is a flowchart showing a process of acquir-
ing a spatial composite blood flow velocity according to an
exemplary embodiment. When planar composite blood flow
velocities are acquired through the process of FIG. 13, a
spatial composite blood flow velocity may be acquired based
on the planar composite blood flow velocities. There are
many methods of acquiring the spatial composite blood flow
velocity. However, a method of acquiring planar composite
blood flow velocities of the object corresponding to planes
intersecting with one another and acquiring the spatial com-
posite blood flow velocity based on the planar composite
blood flow velocities will be described below. In this case, it
is assumed that planar composite blood flow velocities in an
object are acquired corresponding to an x-7 plane and an x-y
plane.

[0132] First, planar composite blood flow velocities in an
object are acquired corresponding to a plurality of planes in
operation 600. As assumed above, the plurality of planes may
intersect with one another. Accordingly, a blood flow velocity
in an object corresponding to an x-y plane and a blood flow
velocity in an object corresponding to an x-z plane may be
acquired.

[0133] On the basis of the acquired two blood flow veloci-
ties, planar composite blood flow velocities in an internal
region of the object, where a plurality of planes intersect with
one another, may be compounded to acquire a spatial com-
positeblood flow velocity. That is, in an intersection region on
an x-axis, which is a region where an x-y plane and an x-z
plane intersect, planar composite blood flow velocities
acquired for the planes may be compounded to acquire a
spatial composite blood flow velocity. The spatial composite
blood flow velocity acquired through the compounding may
be represented in three dimensions, thus deriving a more
accurate result than the planar composite blood flow velocity.
[0134] Theultrasonic apparatus and the control method for
the same according to an exemplary embodiment may have
the following effects.

[0135] According to the ultrasonic apparatus and the con-
trol method for the same according to an exemplary embodi-
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ment, an accurate blood flow velocity may be measured, thus
increasing an accuracy of a blood flow image generated based
on the blood flow velocity. Thus, the ultrasonic apparatus and
the control method for the same according to an exemplary
embodiment may assist a user in diagnosing cardiovascular
disease through the blood flow image.

[0136] Moreover, according to another exemplary embodi-
ment of the ultrasonic apparatus and the control method for
the same, a 3D blood vessel image may be generated and the
generated 3D blood vessel image may be overlaid on an
ultrasonic image, thus displaying a more accurate image on a
screen. On the basis of the image, a user may more accurately
diagnose a patient.

[0137] Although a few exemplary embodiments have been
shown and described, it would be appreciated by those skilled
in the art that changes may be made in these exemplary
embodiments without departing from the principles and spirit
of the exemplary embodiments, the scope of which is defined
in the claims and their equivalents.

What is claimed is:

1. An ultrasonic apparatus comprising:

a transducer configured to irradiate ultrasonic waves in
different traveling directions onto an object and collect
echo ultrasonic waves reflected from the object; and

a controller configured to determine blood flow velocities
of blood flowing in the object based on the echo ultra-
sonic waves, compound the determined blood flow
velocities, and determine a composite blood flow veloc-
ity of the blood flowing in the object based on the com-
pounded blood flow velocities.

2. The ultrasonic apparatus of claim 1, wherein the con-
troller is configured to compound the determined blood flow
velocities based on a mean value of the blood flow velocities
at a same point of the object.

3. The ultrasonic apparatus of claim 1, wherein the trans-
ducer is configured to irradiate the ultrasonic waves traveling
in the different traveling directions onto the object in a single
plane, and

wherein the controller is configured to determine a planar
composite blood flow velocity of the blood flowing in
the object corresponding to the single plane based on the
determined blood flow velocities.

4. The ultrasonic apparatus of claim 3, wherein the con-
troller is configured to determine the blood flow velocities of
the blood flowing in the object corresponding to the single
plane, compound the blood flow velocities, and determine the
planar composite blood flow velocity based on the com-
pounded blood flow velocities.

5. The ultrasonic apparatus of claim 1, wherein the trans-
duceris configured to irradiate the ultrasonic waves traveling
in the different traveling directions in a plurality of planes,
and

the controller is configured to classify and then determine
the blood flow velocities of the blood flowing in the
object corresponding to the plurality of planes and deter-
mine a spatial composite blood flow velocity of the
blood flowing in the object based on the classified and
then determined blood flow velocities.

6. The ultrasonic apparatus of claim 5, wherein the con-
troller is configured to compound the classified and then
determined blood flow velocities, determine planar compos-
ite blood flow velocities of the blood flowing in the object
corresponding to the plurality of planes based on the com-
pounded blood flow velocities, compound the planar compos-



US 2015/0289837 Al

ite blood flow velocities, and determine the spatial composite
blood flow velocity of the blood flowing in the object based on
the compounded planar composite blood flow velocities.

7. The ultrasonic apparatus of claim 1, wherein the con-
troller is configured to determine the blood flow velocities of
the blood flowing in the object using a frequency difference
between the irradiated ultrasonic waves and the collected
echo ultrasonic waves.

8. An ultrasonic apparatus comprising:

a transducer configured to irradiate ultrasonic waves in
different traveling directions onto an object and collect
echo ultrasonic waves reflected from the object;

a controller configured to determine blood flow velocities
of blood flowing in the object based on the echo ultra-
sonic waves, compound the determined blood flow
velocities, and determine a composite blood flow veloc-
ity of the blood flowing in the object based on the com-
pounded blood flow velocities; and

a blood flow image generator configured to generate a
blood flow image of the blood flowing in the object
based on the composite blood flow velocity of the blood
flowing in the object.

9. The ultrasonic apparatus of claim 8, further comprising

a matcher configured to identify a pixel representing a point
of the object corresponding to the blood flow image in an
ultrasonic image acquired based on the echo ultrasonic
waves.

10. The ultrasonic apparatus of claim 9, further comprising
a display configured to overlay the blood flow image on the
ultrasonic image based on the pixel and display the overlayed
image on a same screen.

11. The ultrasonic apparatus of claim 9, wherein the ultra-
sonic image includes a composite ultrasonic image acquired
by compounding a plurality of ultrasonic images acquired
from the ultrasonic waves having the different traveling direc-
tions.

12. A method of controlling an ultrasonic apparatus, the
method comprising:

irradiating ultrasonic waves in different traveling direc-
tions onto an object;

collecting echo ultrasonic waves reflected from the object;

determining blood flow velocities of blood flowing in the
object based on the collected echo ultrasonic waves;

compounding the determined blood flow velocities; and

determining a composite blood flow velocity of the blood
flowing in the object based on the compounded blood
flow velocities.

13. The method of claim 12, wherein the compounding
comprises determining a mean value of the blood flow veloci-
ties at a position of the object and performing the compound-
ing based on the determined mean value.

14. The method of claim 12, wherein the irradiating of the
ultrasonic waves comprises irradiating the ultrasonic waves
in the different traveling directions onto the object in a single
plane,

wherein the determining of the blood flow velocities of the
blood flowing in the object comprises determining the
blood flow velocities of the blood flowing in the object
corresponding to the single plane, and
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the compounding comprises determining a planar compos-
ite blood flow of the blood flowing in the object corre-
sponding to the single plane based on the determined
blood flow velocities.

15. The method of claim 12, wherein the irradiating of the
ultrasonic waves comprises irradiating the ultrasonic waves
traveling in the different traveling directions in a plurality of
planes,

wherein the determining of the blood flow velocities com-

prises classifying and then determining the blood flow
velocities of the blood flowing in the object correspond-
ing to the plurality of planes based on the ultrasonic
waves respectively traveling in the plurality of planes,
and

the compounding comprises determining a spatial com-

posite blood flow velocity of the blood flowing in the
object based on the classified and then determined blood
flow velocities.

16. The method of claim 15, wherein the compounding
comprises:

compounding the classified and then determined blood

flow velocities,

determining planar composite blood flow velocities of the

blood flowing in the object corresponding to each of the
plurality of planes based on the compounded blood flow
velocities,

compounding the planar composite blood flow velocities,

and

determining the spatial composite blood flow velocity of

the blood flowing in the object.

17. A method of controlling an ultrasonic apparatus, the
method comprising:

irradiating ultrasonic waves in different traveling direc-

tions onto an object;

collecting echo ultrasonic waves reflected from the object;

determining blood flow velocities of blood flowing in the

object based on the collected echo ultrasonic waves;
compounding the determined blood flow velocities;
determining a composite blood flow velocity of the blood
flowing in the object based on the compounded blood
flow velocities; and

generating a blood flow image of the blood flowing in the

object based on the composite blood flow velocity.

18. The method of claim 17, further comprising acquiring
an ultrasonic image based on the echo ultrasonic waves; and

identifying a pixel representing a point of the object corre-

sponding to the blood flow image of the blood flowing in
the ultrasonic image.

19. The method of claim 18, further comprising overlaying
the blood flow image on the ultrasonic image based on the
pixel and displaying the overlayed image on a same screen.

20. The method of claim 18, wherein the ultrasonic image
includes a composite ultrasonic image acquired by com-
pounding a plurality of ultrasonic images acquired from the
ultrasonic waves irradiated in the different traveling direc-
tions.
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