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7) ABSTRACT

An ultrasonic imaging apparatus includes: an ultrasound
probe configured to transmit ultrasonic waves to a target
region of an object in a plurality of directions, and to receive
vibration waves generated from the object; and an image
processor configured to generate image signals in the plural-
ity of directions based on the vibration waves generated
according to transmission of the ultrasonic waves in the plu-
rality of directions, and to combine the image signals in the
plurality of directions, wherein the ultrasound probe includes
ultrasound elements configured to respectively generate
ultrasonic waves of different frequencies, the ultrasonic
waves intersecting each other in the target region of the
object.
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ULTRASONIC IMAGING APPARATUS AND
METHOD FOR CONTROLLING
ULTRASONIC IMAGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0044452, 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] Apparatuses and methods consistent with exem-
plary embodiments relate to an ultrasonic imaging apparatus
and a method of controlling the ultrasonic imaging apparatus.
[0004] 2. Description of the Related Art

[0005] Imaging apparatuses for acquiring images of an
object include a radiography apparatus, a computed tomog-
raphy (CT) scanner, a magnetic resonance imaging (MRI)
apparatus, and an ultrasonic imaging apparatus. The ultra-
sonic imaging apparatus, as compared with other imaging
apparatuses, has a lower price and higher safety since the
patients do not need to be exposed to radiation or to noise.
Accordingly, the ultrasonic imaging apparatus is widely used
in various fields, such as a medical field, a security field, etc.
[0006] The ultrasonic imaging apparatus uses ultrasonic
waves to acquire images of an object such as a human body.
The ultrasonic imaging apparatus may produce echo ultra-
sonic waves transferred from the object as an ultrasound
image by irradiating ultrasonic waves to a target region inside
the object and receiving ultrasonic waves reflected from the
target region, thereby acquiring an image of the object. In
detail, the ultrasonic imaging apparatus may collect echo
ultrasonic waves using an ultrasound probe, convert the echo
ultrasonic waves into electrical signals, and produce an ultra-
sound image corresponding to the echo ultrasonic waves
based on the electrical signals. More specifically, the ultra-
sonic imaging apparatus may perform beamforming on the
electrical signals, and produce an ultrasound image based on
the beamformed signals. The ultrasound image may be dis-
played to a user, for example, a doctor or a patient through a
display device such as a monitor installed in or connected to
the ultrasonic imaging apparatus through a wired and/or wire-
less communication network.

SUMMARY

[0007] provide an ultrasonic imaging apparatus for quickly
acquiring an ultrasound image, and a method of controlling
the ultrasonic imaging apparatus.

[0008] One or more exemplary embodiments also provide
an ultrasonic imaging apparatus for quickly acquiring an
ultrasound image with improved resolution, and a method of
controlling the ultrasonic imaging apparatus.

[0009] One or more exemplary embodiments further pro-
vide an ultrasonic imaging apparatus for acquiring an ultra-
sound image without using a hydrophone as well as reducing
a time consumed to collect ultrasonic waves when the ultra-
sound image is acquired using vibroacoustography, and a
method of controlling the ultrasonic imaging apparatus.
[0010] One or more exemplary embodiments still further
provide a method for preventing resolution deterioration in
acquiring an ultrasound image that occurs due to performing
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transmission focusing with high resolution whereas reception
focusing cannot be performed with high resolution in vibroa-
coustography.

[0011] In accordance with an aspect of an exemplary
embodiment, an ultrasonic imaging apparatus includes: an
ultrasound probe configured to irradiate ultrasonic waves to at
least one target region of an object in a plurality of directions,
and to receive vibration waves generated from the object; and
an image processor configured to generate a plurality of
image signals in the plurality of directions for the object,
based ona plurality of vibration waves generated according to
irradiation of ultrasonic waves in the plurality of directions,
and to combine the plurality of image signals in the plurality
of directions, wherein the ultrasound probe includes a plural-
ity of ultrasound elements configured to generate ultrasonic
waves of different frequencies intersecting at least one target
region of the object.

[0012] In accordance with an aspect of another exemplary
embodiment, an ultrasonic imaging apparatus includes: an
ultrasound probe configured to irradiate ultrasonic waves of
different frequencies intersecting at least one target region
inside an object, and receiving vibration waves generated
from the object according to interference of the ultrasonic
waves of the different frequencies; and an image processor
configured to produce an image for the object based on the
received vibration waves, wherein the image processor pro-
duces a plurality of images of a plurality of directions for the
object based on a plurality of vibration waves generated
according to irradiation of ultrasonic waves in the plurality of
directions, and combines the plurality of image signals of the
plurality of directions to produce a combined image signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

[0014] FIG. 1isaview for describing an ultrasonic imaging
apparatus according to an exemplary embodiment;

[0015] FIG. 2isablock diagram illustrating a configuration
of an ultrasonic imaging apparatus according to an exemplary
embodiment;

[0016] FIG. 3isablock diagram illustrating a configuration
of an ultrasound probe according to an exemplary embodi-
ment;

[0017] FIG. 4 is a view for describing an operation of an
ultrasound generator, according to an exemplary embodi-
ment;

[0018] FIG. 5is a view showing examples of waveforms of
ultrasonic waves and interference waves at a target region of
an object;

[0019] FIGS. 6,7, and 8 are views for describing irradiation
of ultrasonic waves of different frequencies according to
exemplary embodiments;

[0020] FIG. 9 is a view for describing vibration waves
generated at a target region of an object according to an
exemplary embodiment;

[0021] FIG. 10 is a block diagram illustrating a configura-
tion of an ultrasound receiver according to an exemplary
embodiment;

[0022] FIG. 11 is a perspective view of an ultrasound
receiver according to an exemplary embodiment;

[0023] FIG. 12 is a view for describing an ultrasound
receiver according to an exemplary embodiment;
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[0024] FIGS. 13 and 14 are views for describing an ultra-
sound probe according to exemplary embodiments;

[0025] FIG. 15 is a block diagram illustrating a configura-
tion of an image processor according to an exemplary
embodiment;

[0026] FIGS.16A,16B, and 16C are views for describing a
method of combining a plurality of images according to an
exemplary embodiment;

[0027] FIGS.17A,17B, and 17C are views for describing a
method of combining a plurality of images according to an
exemplary embodiment;

[0028] FIG. 18 is a view for describing a method of com-
bining a plurality of images according to an exemplary
embodiment;

[0029] FIG. 19 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to an exem-
plary embodiment; and

[0030] FIG. 20 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to another
exemplary embodiment.

DETAILED DESCRIPTION

[0031] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout.

[0032] FIG.1isaview for describing an ultrasonic imaging
apparatus according to an exemplary embodiment, and FIG. 2
is a block diagram illustrating a configuration of an ultrasonic
imaging apparatus according to an exemplary embodiment.
[0033] Referring to FIGS. 1 and 2, an ultrasonic imaging
apparatus may include an ultrasound probe 100 to collect
information about the inside of an object ob, and an image
processor 200 to produce a predetermined image based on
information collected by the ultrasound probe 100.

[0034] The ultrasound probe 100 may irradiate a plurality
of ultrasonic waves of different frequencies A, and A, to a
target region f, inside the object ob, and receive vibration
waves transferred from at least one of vibrating regions t, and
t, inside the object ob. The target region f, may be a single
region or a plurality of regions. Also, the vibrating regions t,
and t, may be a single region or a plurality of regions.
[0035] The vibration waves received by the ultrasound
probe 100 may be converted into electrical signals, and the
electrical signals may be transferred to the image processor
200. The electrical signals may be electrical signals of a
plurality of channels C1, C2, and C3. The image processor
200 may produce a plurality of images based on the electrical
signals, and combine the plurality of images to produce a
combined image.

[0036] According to an exemplary embodiment, the elec-
trical signals output from the ultrasound probe 100 may be
amplified by an amplifier 201 before the electrical signals are
transferred to the image processor 200. Also, analog electrical
signals output from the ultrasound probe 100 may be con-
verted into digital electrical signals by an analog-digital
(A/D) converter 202, and transferred to the image processor
200.

[0037] Hereinafter, the ultrasound probe 100 will be
described in more detail. FIG. 3 is a block diagram illustrating
a configuration of the ultrasound probe 100 according to an
exemplary embodiment. Referring to FIGS. 1 to 3, the ultra-
sound probe 100 may include an ultrasound generator 110 to
generate a plurality of ultrasonic waves of different frequen-

Oct. 15, 2015

cies A, and A,, and an ultrasound receiver 120 to receive
vibration waves having a frequency A, that is reflected from or
generated by the vibrating regions t, and t, of the object ob.
The ultrasonic waves of different frequencies A, and A, gen-
erated by the ultrasound probe 100 may be irradiated to the
target region f; inside the object ob. In FIG. 1, the ultrasound
generator 110 includes a first and a second ultrasound genet-
ating elements 111, 112 to generate ultrasonic waves of dif-
ferent frequencies A, and A, respectively, and the ultrasound
receiver 120 includes a first, a second, and a third ultrasound
receiving elements 121, 122, 123 to receive vibration waves
having a frequency A, from the object ob and convert the
received vibration waves into electrical signals of the plural-
ity of channels C1, C2, and C3, respectively. However, exem-
plary embodiments are not limited thereto and the ultrasound
generator 110 and the ultrasound receiver 120 may have any
number of ultrasound generating elements and ultrasound
receiving elements, respectively.

[0038] Hereinafter, the ultrasound generator 110 will be
described. FIG. 4 1s a view for describing an operation of the
ultrasound generator 110, according to an exemplary embodi-
ment.

[0039] The ultrasound generator 110 may include, as
shown in FIG. 4, a plurality of ultrasound generating ele-
ments, for example, a first ultrasound generating element 111
and a second ultrasound generating element 112 to generate
ultrasonic waves of different frequencies A, and A,. However,
the ultrasound generator 110 may include three or more ultra-
sound generating elements. The first and second ultrasound
generating elements 111 and 112 may generate ultrasonic
waves of different frequencies A, and A, independently or
dependently. However, the ultrasound generator 110 may
generate ultrasonic waves of three or more different frequen-
cies. The ultrasonic waves of different frequencies A; and A,
may be irradiated to target regions f, and f,, respectively.
[0040] According to an exemplary embodiment, the ultra-
sound generator 110 may irradiate ultrasonic waves of differ-
ent frequencies A, and A, using one of a plurality of target
regions inside an object as a focal point. According to another
exemplary embodiment, the ultrasound generator 110 may
irradiate ultrasonic waves of different frequencies A, and A,
using a plurality of target regions inside an object as focal
points.

[0041] A plurality of ultrasonic waves of different frequen-
cies A, and A, respectively generated by the ultrasound gen-
erating elements 111 and 112 of the ultrasound generator 110,
for example, first ultrasonic waves of a first frequency A, and
second ultrasonic waves of a second frequency A, may arrive
at the same target region, for example, a first target region f;
at substantially the same time or with a predetermined time
difference. If the ultrasonic waves of different frequencies
and A, arrive at the first target region f,, materials of the first
target region f; may be subject to a radiation force, e.g., an
acoustic radiation force, according to the ultrasonic waves of
different frequencies A, and ., to vibrate at a predetermined
frequency. The vibration of the materials of the first target
region f, results in generation of vibration waves.

[0042] More specifically, the ultrasonic waves of different
frequencies A, and A, that arrived at the first target region f;
may intersect each other, and the ultrasonic waves of different
frequencies A, and A, intersecting each other may interfere so
that the first target region f; may be influenced by the results
of the interference of the ultrasonic waves of different fre-
quencies A, and A,.
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[0043] Referring to FIG. 4, the first ultrasound generating
element 111 of the ultrasound generator 110 generates the
first ultrasonic waves of the first frequency A, and the second
ultrasound generating element 112 generates the second
ultrasonic waves of the second frequency A, and the first and
second ultrasonic waves may be irradiated to the same target
regions f, and f,. The first and second ultrasonic waves may
intersect each other at or around the target regions f; and f,. If
the first and second ultrasonic waves intersect each other, the
first and second ultrasonic waves may interfere to generate
interference waves having an interference frequency A as
shown in FIG. 5. In FIG. 5, examples of the first ultrasonic
wave of the first frequency A, the second ultrasonic waves of
the second frequency k., and the interference waves of the
interference frequency A, generated by interference between
the first ultrasonic waves of the first frequency A, and the
second ultrasonic waves of the second frequency X, are
shown.

[0044] The ultrasonic waves of the different frequencies A,
and A, intersecting each other may apply vibration of a pre-
determined frequency, that is, vibration of the interference
frequency A, to the materials of the first target region f;.
According to the vibration of the interference frequency A,
that is applied to the materials, the materials of the first target
region f; may vibrate at a predetermined frequency. In this
case, the vibration frequency of the materials may depend on
the different frequencies A, and A, of the ultrasonic waves. In
detail, the vibration frequency of the materials may depend on
a frequency of interference waves, that is, an interference
frequency A, as shown in FIG. 5. In other words, ultrasonic
waves of different frequencies A | and A, intersect each other
at the target region f; to apply vibration according to the
interference frequency A to the materials of the target region
f,, and the materials to which the vibration is applied may
vibrate according to the applied vibration.

[0045] According to an exemplary embodiment, as shown
in FIG. 4, the ultrasound generator 110 may irradiate ultra-
sonic waves of two different frequencies A, and X,, for
example, the first ultrasonic waves of the first frequency A,
and the second ultrasonic waves of the second frequency A, so
that the first ultrasonic waves and the second ultrasonic waves
interfere with each other to vibrate materials of the target
region. According to another exemplary embodiment, the
ultrasound generator 110 may irradiate ultrasonic waves of
three or more different frequencies. Likewise, the ultrasonic
waves of three different frequencies may intersect each other
at the first target region f, and interfere with each other so that
materials of the first target region f; vibrate. In other words,
ultrasonic waves of three different frequencies may interfere
with each other to produce interference waves.

[0046] The interference waves that are applied to the mate-
rials of the first target region f, can be obtained by using the
following Equations (1) to (3), below.

[0047] Equation (1) expresses the first ultrasonic waves of
the first frequency A, and Equation (2) expresses the second
ultrasonic waves of the second frequency A.,.

W, =4 sin(2xnf,5),and oY)
W,=4 sin(2afy0), @)
[0048] where 1), represents the first ultrasonic waves, 1,

represents the second ultrasonic waves, f; and f; represent the
first frequency A, and the second frequency i, respectively,
t represents time, and A is a constant. Accordingly, vibration
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of the first target region f, caused by interference of the first
and second ultrasonic waves can be expressed as Equation
(3), below.

- 3
qA:%+%=2Acos(2nflZfzz]sm(znfl;fzz], ®
[0049] where 1 represents the resultant waves appearing

when the firstand second ultrasonic waves interfere at the first
target region f;. That is, ¢ means interference waves that
apply vibration to the materials of the first target region f.
The frequency and amplitude of the interference waves that
are applied to the materials of the first target region f, may
depend on the frequencies and amplitudes of the first and
second ultrasonic waves respectively generated by the first
ultrasound generating element 111 and the second ultrasound
generating element 112. As seen in Equations (1) to (3), the
frequency and amplitude of the interference waves may be
different from the amplitude and/or frequency of the first
ultrasonic waves or the amplitude and/or frequency of the
second ultrasonic waves.

[0050] If the materials of the first target region f, vibrate
according to vibration applied to the materials thereof, pre-
determined vibration waves may be generated from the mate-
rials of the first target region f;. The vibration waves gener-
ated by the first target region f; may be radiated in all
directions. The frequency of the vibration waves may depend
on the vibration frequency of the materials of the first target
region ;. The generated vibration waves may be received by
the ultrasound receiver 120 of the ultrasound probe 100.

[0051] FIGS. 6 and 7 are views for describing irradiation of
ultrasonic waves of different frequencies.

[0052] According to an exemplary embodiment, the ultra-
sound probe 100, or the ultrasound generator 110 of the
ultrasound probe 100 may irradiate ultrasound waves of pre-
determined frequencies at a plurality of different locations I1
to 13, as shown in FIG. 6.

[0053] As shown in FIG. 6, the first and second ultrasound
generating elements 111 and 112 of the ultrasound generator
110 may generate ultrasonic waves of different frequencies at
a first location I1. The ultrasonic waves of different frequen-
cies may be irradiated to the same target region f,. As
described above, the ultrasonic waves of different frequencies
may intersect with each other at the target region f|, and
materials of the target region f; at which the ultrasonic waves
of different frequencies intersect with each other may vibrate
at a specific frequency due to interference of the ultrasonic
waves of different frequencies to generate vibration waves.
The generated vibration waves may be received by the ultra-
sound receiver 120 of the ultrasound probe 100.

[0054] The first and second ultrasound generating elements
111 and 112 may irradiate ultrasonic waves at substantially
the same time or at different times. By delaying a timing at
which any one of the ultrasound generating elements 111 and
112 generates ultrasonic waves by a predetermined time
period, the respective ultrasound generating elements 111
and 112 can irradiate ultrasonic waves at different times. The
ultrasound generating elements 111 and 112 may irradiate
ultrasonic waves of different frequencies several times at the
first location I1. When the ultrasound generating elements
111 and 112 irradiate ultrasonic waves, a plurality of vibra-
tion waves may be generated at the target region f}, and the
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generated vibration waves may be received by the ultrasound
receiver 120 of the ultrasound probe 100.

[0055] According to an exemplary embodiment, as shown
in FIG. 6, after the ultrasound generator 110 irradiates ultra-
sonic waves or after the ultrasound receiver 120 collects
ultrasound waves, the ultrasound probe 100 or the ultrasound
generator 110 of the ultrasound probe 100 may move to a
second location 12. For example, the ultrasound generator 110
may move in a direction that is substantially perpendicular to
or substantially parallel to a depth direction axis. The ultra-
sound probe 100 or the ultrasound generator 110 may be
moved by a user or by movement assistance means, such as a
robot arm, a wheel, a rail, or the like.

[0056] After the ultrasound probe 100 or the ultrasound
generator 110 of the ultrasound probe 100 moves to the sec-
ond location 12, the ultrasound generating elements 111 and
112 of the ultrasound generator 110 may generate ultrasonic
waves of different frequencies at the second location 12. The
ultrasound generator 110 may irradiate the ultrasonic waves
of different frequencies to the target region f, thereby irra-
diating ultrasonic waves to the target region I in a direction
that is different from the direction in which ultrasonic waves
have been irradiated at the first location I1.

[0057] As shown in FIG. 6, the target region f; to which
ultrasonic waves are irradiated at the second location 12 may
be substantially the same as the target region to which ultra-
sonic waves have been irradiated at the first location I1.
According to another exemplary embodiment, the target
region f, to which ultrasonic waves are irradiated at the sec-
ond location 12 may be different from the target region to
which ultrasonic waves have been irradiated at the first loca-
tion I1. Also, the frequency of the ultrasonic waves irradiated
at the second location 12 may be the same as or different from
the frequency of the ultrasonic waves irradiated at the first
location I1.

[0058] An angle between an irradiation direction of ultra-
sonic waves of different frequencies irradiated at the second
location 12 to the target region f; and an irradiation direction
of ultrasonic waves of different frequencies irradiated at the
first location I1 to the target region f, may be given as a first
angle 0, as shown in FIG. 7. According to an exemplary
embodiment, the first angle 0, may be a predetermined angle
between 0 degree and 180 degrees. For example, the first
angle 6, may be 45 degrees.

[0059] Ifultrasonic waves of different frequencies are irra-
diated at the second location 12, materials of the target region
f, may vibrate at a predetermined frequency due to interfer-
ence of the ultrasonic waves of different frequencies to gen-
erate vibration waves. The generated vibration waves may be
collected by the ultrasound receiver 120 of the ultrasound
probe 100.

[0060] As described above, the ultrasonic waves of differ-
ent frequencies may be irradiated several times at the second
location 12, and vibration waves generated when the ultra-
sonic waves of different frequencies are irradiated may be
collected.

[0061] The ultrasound probe 100 or the ultrasound genera-
tor 110 of the ultrasound probe 100 may move from the
second location 12 to the third location I3. As described
above, the ultrasound probe 100 or the ultrasound generator
110 may be moved by auser or by movement assistant means.
If the ultrasound probe 100 or the ultrasound generator 110
are moved to the third location I3, the respective ultrasound
generating elements 111 and 112 of the ultrasound generator
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110 may generate ultrasonic waves of different frequencies at
the third location I3, and irradiate the ultrasonic waves of
different frequencies to the target region f, that is the same as
or different from the region to which ultrasonic waves have
been irradiated at the first location I1 or at the second location
2.

[0062] The target region f; to which the ultrasonic waves of
different frequencies are irradiated at the third location I3
may be substantially the same as or different from the target
region to which ultrasonic waves of different frequencies
have been irradiated at the first location 11 or at the second
location 12. Also, the frequency of the ultrasonic waves irra-
diated at the third location I3 may be the same as or different
from the frequency of ultrasonic waves irradiated at the first
location I1 or at the second location 12.

[0063] An angle between the irradiation direction of the
ultrasonic waves of different frequencies irradiated at the
third location I3 to the target region f; and the irradiation
direction of the ultrasonic waves of different frequencies
irradiated at the second location 12 to the target region f; may
be given as a second angle 0,, as shown in FIG. 7. Also, an
angle between the irradiation direction of the ultrasonic
waves of different frequencies irradiated at the third location
13 to the target region f; and the irradiation direction of the
ultrasonic waves of different frequencies irradiated at the first
location I1 to the target region f, may be given as a third angle
05, as shown in FIG. 7. The second angle 8, may be a prede-
termined angle between 0 degree and 180 degrees. For
example, the second angle 68, may be 45 degrees. Meanwhile,
the third angle 8; may be a sum of the first angle 6, and the
second angle 8,. In the case where the first and second angles
0, and 0, are each 45 degrees, the third angle 65 may be 90
degrees. In other words, a line segment connecting the target
region f; to the first location 11 may be substantially perpen-
dicular to a line segment connecting the target region f; to the
third location 3.

[0064] As described above, the ultrasound receiver 120 of
the ultrasound probe 100 may collect predetermined vibra-
tion waves generated from the target region f; after the ultra-
sonic waves of different frequencies are irradiated at the third
location I3. The irradiation of ultrasonic waves and the col-
lection of vibration waves may be performed several times.
[0065] Also, according to another exemplary embodiment,
by adjusting irradiation timings of ultrasonic waves between
a plurality of ultrasound generators 110 of the ultrasound
probe 100, substantially the same effect as when the ultra-
sound generator 110 is moved as described above can be
obtained. For example, by causing a plurality of ultrasound
generators 110 arranged at different locations to generate
ultrasonic waves at different times with predetermined time
intervals, substantially the same effect as when the ultrasound
generator 110 is moved to different locations can be obtained.
In this case, the individual ultrasound generators 110 may
irradiate ultrasonic waves at different times.

[0066] More specifically, by causing the ultrasound genera-
tor 110 arranged at a predetermined location (for example, the
first location 11) among the plurality of ultrasound generators
110 respectively arranged at the first location I1 to the third
location I3 to irradiate ultrasonic waves while causing the
remaining ultrasound generators 110 arranged at the second
and third locations 12 and I3 to stop irradiating ultrasonic
waves, and then causing the ultrasound generator 110
arranged at another location (for example, the second location
12) to irradiate ultrasonic waves after a predetermined time
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period elapses while causing the remaining ultrasound gen-
erators 110 arranged at the first and third locations 11 and I3
to stop irradiating ultrasonic waves, substantially the same
effect as when the ultrasound generator 110 is moved to
irradiate at different locations may be obtained.

[0067] Inthis case, by adjusting a delayed irradiation time
of ultrasonic waves of different frequencies that are irradiated
at the second location 12 and an irradiation time of ultrasonic
waves of different frequencies that are irradiated at the first
location 11, it is possible to correctly focus the irradiated
ultrasonic waves to the target region f;.

[0068] FIG. 8 is a view for describing irradiation of ultra-
sonic waves of different frequencies, according to another
exemplary embodiment. As shown in FIG. 8, an ultrasonic
imaging apparatus may include a plurality of ultrasound gen-
erators 110a, 1104, and 110¢. The individual ultrasound gen-
erators 110a to 110¢ may include a plurality of ultrasound
generating elements 111a, 112a, 1115, 1125, 111¢, and 112¢
that can generate ultrasonic waves of different frequencies.
The ultrasound generators 110a to 110¢ may be fixed at
predetermined locations, for example, at first to third loca-
tions I1 to I3 to irradiate interfering ultrasonic waves to the
target region f, of the object in different directions. According
to an exemplary embodiment, the plurality of ultrasound gen-
erators 110a to 110¢ may irradiate interfering ultrasonic
waves to the target region f; according to a predetermined
pattern, for example, in a sequential manner.

[0069] FIG. 9 is a view for describing vibration waves
generated at a target region of an object according to an
exemplary embodiment. When interfering ultrasonic waves
of different frequencies »,, and A, arrive at materials of a
predetermined target region f}, the ultrasonic waves of differ-
ent frequencies A, and A, , may interfere with each other so
that the materials of the predetermined target region f; may
vibrate at a specific frequency according to the results of the
interference. The materials of the predetermined target region
f, may generate vibration waves of a predetermined fre-
quency ., while vibrating. The vibration waves of the prede-
termined frequency A, that is generated from the predeter-
mined target region f; may be collected by the ultrasound
probe 100.

[0070] When the vibration waves generated from the pre-
determined target region f; are radiated, the radiated vibration
waves of the predetermined frequency A, may transfer vibra-
tion to other materials around the materials of the target
region f, as shown in FIG. 9. Accordingly, materials of other
regions (for example, a first vibrating region t, and a second
vibrating region t,) other than the materials of the predeter-
mined target region f; may also vibrate according to the
vibration waves. In this case, the materials of the first vibrat-
ing region t; and the second vibrating region t, may also
generate vibration waves of predetermined frequencies A,
and A ,, similar to the materials of the predetermined target
region f;. The vibration waves of the predetermined frequen-
cies A, and A, , respectively generated from the first vibrating
region t, and the second vibrating region t, may be collected
by the ultrasound probe 100.

[0071] The frequencies A,; and A, of the vibration waves
respectively generated from the materials of the first vibrating
region t, and the second vibrating region t, may be influenced
by the frequency A, of the vibration waves generated from the
materials of the predetermined target region f,. The frequen-
cies ., and A, of the vibration waves respectively generated
from the materials of the first vibrating region t;, and the
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second vibrating region t, may be substantially identical to or
different from the frequency A, of the vibration waves genet-
ated from the materials of the predetermined target region f;.
[0072] Hereinafter, the ultrasound receiver 120 will be
described. FIG. 10 is a block diagram illustrating a configu-
ration of the ultrasound receiver 120 according to an exem-
plary embodiment. As shown in FIGS. 3 and 10, the ultra-
sound probe 100 may include the ultrasound receiver 120 to
receive vibration waves transferred from the object ob. The
ultrasound receiver 120 may receive vibration waves of a
predetermined frequency A, convert the vibration waves into
electrical signals corresponding to the vibration waves, and
output the electrical signals. The electrical signals may be
transferred to the image processor 200. The ultrasound
receiver 120 may output a plurality of electrical signals cor-
responding to a plurality of irradiation directions of ultrasonic
waves. As described above with reference to FIGS. 6 to 8,
when the ultrasound generator 110 irradiates ultrasonic
waves to the target region f; of the object ob in a plurality of
directions, the ultrasound receiver 120 may receive a plurality
of vibration waves according to the irradiation of the ultra-
sonic waves in the plurality of directions. Herein, the ultra-
sonic waves irradiated by the ultrasound generator 110 may
be ultrasonic waves of different frequencies that intersect
each other at or around the target region f; inside the object
ob, as described above. The ultrasound receiver 120 may
output a plurality of ultrasound signals corresponding to the
plurality of vibration waves. The plurality of ultrasound sig-
nals may be electrical signals of a plurality of channels, for
example, first to sixth channels, as shown in FIG. 10.

[0073] According to an exemplary embodiment, the ultra-
sound receiver 120 may include a plurality of ultrasound
receiving elements, e.g., a first ultrasound receiving element
121, a second ultrasound receiving element 122, a third ultra-
sound receiving element 123, a fourth ultrasound receiving
element 124, a fifth ultrasound receiving element 125, and a
sixth ultrasound receiving element 126, as shown in FIG. 10.
The ultrasound receiving elements 121 to 126 may receive
predetermined waves, and convert the received waves into
electrical signals. More specifically, the ultrasound receiving
elements 121 to 126 may receive vibration waves of a prede-
termined frequency ., radiated from the target region f; orthe
vibrating regions t, and t,, convert the received vibration
waves into electrical signals, and output the electrical signals.
[0074] Indetail, if the ultrasound receiving elements 121 to
126 receive vibration waves of a predetermined frequency
generated from the target region f, or the vibrating regions t,
and t,, the ultrasound receiving elements 121 to 126 may
vibrate at a predetermined frequency corresponding to the
frequency of the received vibration waves. The vibrating
ultrasound receiving elements 121 to 126 may output alter-
nating current of the vibration frequency of the ultrasound
receiving elements 121 to 126. Accordingly, the ultrasound
receiver 120 may convert the received vibration waves into
predetermined electrical signals.

[0075] To convert the received vibration waves into electri-
cal signals, the ultrasound receiving elements 121 to 126 may
be ultrasonic transducers. The ultrasonic transducer may be a
device for converting one form of energy into another form of
energy. For example, the ultrasonic transducer may convert
electrical signals into sound energy or convert sound energy
into electrical signals. Ultrasonic transducers that are used as
the ultrasound receiving elements 121 to 126 may be piezo-
electric ultrasonic transducers using a piezoelectric effect ofa
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piezoelectric material, magnetostrictive ultrasonic transduc-
ers that convert wave energy into electricity energy using a
magnetostrictive effect of a magnetic material, or capacitive
micromachined ultrasonic transducers (CMUTs) that trans-
mit and receive ultrasonic waves using vibration of several
hundreds or thousands of micromachined thin films. How-
ever, the ultrasound generating elements 121 to 126 may be
any other type ultrasonic transducers capable of generating
ultrasonic waves according to electrical signals or generating
electrical signals according to ultrasonic waves.

[0076] As shown in FIG. 10, if the ultrasound receiver 120
includes the plurality of ultrasound receiving elements 121 to
126, the ultrasound receiver 120 may output electrical signals
of a plurality of channels, e.g., a first to a sixth channels, since
the respective ultrasound receiving elements 121 to 126 out-
put electrical signals.

[0077] FIG. 11 is a perspective view of the ultrasound
receiver 120 according to an exemplary embodiment.
According to an exemplary embodiment, as shown in FIG.
11, a plurality of ultrasound receiving elements 121 to 124
may be arranged on a frame 127 of the ultrasound receiver
120. In this case, the ultrasound receiving elements 121 to 124
may be arranged on the frame 127 according to a predeter-
mined pattern. For example, the ultrasound receiving ele-
ments 121 to 124 may be arranged in at least one row on the
frame 127. For example, as shown in FIG. 11, the ultrasound
receiving elements 121 to 124 are arranged in two rows on the
frame 127.

[0078] The frame 127 may include a resting groove or a
protrusion formed on a side on which the ultrasound receiving
elements 121 to 124 are arranged, so that the ultrasound
receiving elements 121 to 124 can be stably arranged and
fixed according to a predetermined pattern. The ultrasound
receiving elements 121 to 124 may be arranged on a groove or
protrusion of a predetermined pattern.

[0079] To stably fix the ultrasound receiving elements 121
to 124 on the frame 127, a predetermined adhesive, for
example, epoxy resin adhesive may be used. The predeter-
mined adhesive may be applied between the ultrasound
receiving elements 121 to 124 and the frame 127 to bond the
ultrasound receiving elements 121 to 124 to the frame 127,
thereby fixing the ultrasound receiving elements 121 to 124.
However, for purpose of bonding and fixing the ultrasound
receiving elements 121 to 124 to the frame 127, any other
kind of coupling, fixing, and bonding means may be used.
[0080] On a side opposite to the side on which the ultra-
sound receiving elements 121 to 124 are arranged may be
formed a substrate 128 to control current that is applied to the
individual ultrasound receiving elements 121 to 124. On the
substrate 128 may be formed various circuitry to control the
ultrasound receiving elements 121 to 124 or to control com-
munication of the ultrasound receiving elements 121 to 124
with an external main body of the ultrasound probe 100.
[0081] FIG. 12 is a view for describing the ultrasound
receiver 120 according to an exemplary embodiment. As
shown in FIG. 12, the ultrasound receiver 120 may move in a
predetermined direction to receive a plurality of vibration
waves that are radiated from a plurality of vibrating regions t,
and t, of an object ob.

[0082] As described above with reference to FIG. 9, mate-
rials of the target region f; may vibrate according to the results
of interference of ultrasonic waves of different frequencies
A, and A, ; to generate vibration waves that are transferred to
vibrating regions t, and t, around the target region f,. Then,
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the vibrating regions t; and t, around the target region f, may
vibrate according to the vibration waves to radiate vibration
waves of predetermined frequencies A, and A.,. Then, the
vibration waves generated from the target region f; move
through the inside of the object ob at a predetermined veloc-
ity, and arrive at a vibrating region (for example, the first
vibrating region t,) that is closer to the target region f,. Then,
the vibration waves may arrive at a vibrating region (for
example, the second vibrating region t,) that is distanced
away from the target region f, than the first vibrating regiont,,
later than the time at which the vibration waves have arrived
at the first vibrating region t,. Accordingly, the first and sec-
ond vibrating regions t, and t, may generate vibration waves
at different times. In other words, vibration waves may be
sequentially generated from a region (for example, the first
vibrating region t,) that is closer to the target region f; and a
region (for example, the second vibrating region t,) that is
distanced away from the target region f,. If vibration waves
are generated in this way, the ultrasound receiver 120 may
move in a predetermined direction to receive the vibration
waves sequentially generated from the vibrating regions t,
and t,, as shown in FIG. 12. In this case, the movement
direction of the ultrasound receiver 120 may be set according
to a movement direction of vibration waves generated from
the target region f;. Due to movement of the ultrasound
receiver 120, the ultrasound receiver 120 may receive a plu-
rality of vibration waves of predetermined frequencies A,
and A, that are output from all the vibrating regions t, and t,.
Accordingly, all regions inside the object ob may be scanned.

[0083] According to an exemplary embodiment, the ultra-
sound receiver 120 may move to receive vibration waves, and
transfer the received vibration waves to the image processor
200 in real time so that the image processor 200 can generate
a predetermined ultrasound image. According to another
exemplary embodiment, the ultrasound receiver 120 may
move to receive vibration waves, store the received vibration
waves in a storage, and transfer the vibration waves to the
image processor 200 at regular time intervals or after vibra-
tion waves are completely received so that the image proces-
sor 200 can produce a predetermined ultrasound image.

[0084] However, instead of moving the ultrasound receiver
120, the ultrasound receiver 120 may be fixed at a predeter-
mined location so that the ultrasonic receiver 120 can receive
a plurality of vibration waves of predetermined frequencies
A, and A, radiated from the plurality of vibrating regions t,
and t, of the object ob.

[0085] Hereinafter, an ultrasound probe according to other
exemplary embodiments will be described. FIGS. 13 and 14
are views for describing an ultrasound probe according to
other exemplary embodiments. As shown in FIGS. 13 and 14,
an ultrasound probe 100 may include a plurality of ultrasound
elements, e.g., a first ultrasound element 131, a second ultra-
sound element 132, a third ultrasound element 133, a fourth
ultrasound element 134, a fifth ultrasound element 135, and a
sixth ultrasound element 136 to generate and receive ultra-
sonic waves.

[0086] Theplurality ofultrasound elements 131 to 136 may
generate ultrasonic waves of a plurality of different frequen-
cies, for example, first to third frequencies A to A, according
to current that is applied to the ultrasound elements 131 to 136
based on power received from an external power source 311,
irradiate the ultrasonic waves of the different frequencies to a
target region f; of an object ob, receive vibration waves of a
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predetermined frequency A, generated from the object ob, and
convert the received vibration waves into electrical signals.
[0087] Indetail, the plurality of ultrasound elements 131 to
136 may vibrate at a frequency of alternating current that is
applied from the external power source 311. The plurality of
ultrasound elements 131 to 136 may vibrate to generate ultra-
sonic waves of frequencies A, to A, corresponding to vibra-
tion frequencies thereof. In this case, the plurality of ultra-
sound elements 131 to 136 may be grouped into a plurality of
groups, and different frequencies of alternating current may
be applied to the respective groups to generate ultrasonic
waves of different frequencies A, to A;. However, the ultra-
sound elements 131 to 136 may generate ultrasonic waves of
different frequencies A, to A4, respectively, as shown in FIG.
14. Hereinafter, for illustrative purposes, description is made
with respect to the case where the plurality of ultrasound
elements 131 to 136 may be grouped into a plurality of groups
to generate different frequencies A to A.

[0088] Whether to apply current to the plurality of ultra-
sound elements 131 to 136, or a frequency of current that is to
be applied to the plurality of ultrasound elements 131 to 136
may be controlled by an irradiation controller 310.

[0089] As described above with reference to FIGS. 6 to 8,
the ultrasound probe 100 can apply ultrasonic waves to the
target region f, of the object ob in a plurality of directions. In
this case, the ultrasound probe 100 may generate ultrasonic
waves of different frequencies intersecting each other at the
target region f; inside the object ob in each direction, and
irradiate the ultrasonic waves to the target region f| inside the
object ob.

[0090] Theultrasonic waves of the different frequencies A,
to A5 generated by the plurality of ultrasonic elements 131 to
136 may intersect each other at or around the target region f;
of the object ob, and vibrate materials of the target region f;
according to an interference frequency due to the intersection
of the ultrasonic waves of the different frequencies A, to A5.
Asaresult, the materials of the target region f, or the materials
of the vibrating regions t, and t, around the target region f;
vibrate to produce predetermined vibration waves.

[0091] Accordingly, the plurality of ultrasound elements
131 to 136 that have irradiated the ultrasonic waves of the
different frequencies A, to A, may receive vibration waves
transferred from the target region f, or from the vibrating
regions t, and t, around the target region f,. The plurality of
ultrasound elements 131 to 136 may vibrate according to the
received frequency to output alternating current of the vibra-
tion frequency.

[0092] The ultrasound probe 100 may convert the received
vibration waves into predetermined electrical signals. Since
electrical signals are output from the respective ultrasound
elements 131 to 136, the ultrasound probe 130 may output
electrical signals of a plurality of channels. The electrical
signals of the plurality of channels may be transferred to the
image processor 200.

[0093] AsshowninFIGS. 6 to 8, when ultrasonic waves are
irradiated to the target region f, of the object ob in a plurality
of directions, the ultrasound probe 130 may receive a plurality
of vibration waves according to the irradiation of the ultra-
sonic waves in the plurality of directions. As a result, the
ultrasound probe 100 may output a plurality of electrical
signals of a plurality of channels.

[0094] FIG. 15 is a block diagram illustrating a configura-
tion of the image processor 200 according to an exemplary
embodiment. As described above, if the ultrasound probe 100
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or the ultrasound receiver 120 of the ultrasound probe 100
outputs electrical signals of at least one channel, the image
processor 200 may focus the electrical signals of the at least
one channel to produce an ultrasound image.

[0095] Theimage processor 200 may receive electrical sig-
nals of a plurality of channels transferred from the ultrasound
receiving elements 121 to 126, as shown in FIG. 10, or from
the ultrasound elements 131 to 136, as shown in FIG. 14,
focus the electrical signals of the plurality of channels to form
beamforming on the ultrasound signals of the plurality of
channels to estimate the magnitudes of reflected waves in a
specific space, produce an ultrasound image using the beam-
formed ultrasound signals, and output the ultrasound image.
As shown in FIG. 15, the image processor 200 may include a
beamformer 210, a combiner 220, and a post-processor 230.
[0096] The beamformer 210 may perform beamforming of
a plurality of channels. The beamformer 210 may include a
time-difference corrector 211 and a focuser 212.

[0097] The time-difference corrector 211 may correct time
differences between ultrasound signals output from the ultra-
sound receiving elements 121 to 126 or the ultrasound ele-
ments 131 to 136.

[0098] As described above, the ultrasound receiving ele-
ments 121 to 126 or the ultrasound elements 131 to 136 may
receive vibration waves from the target region f; orthe vibrat-
ing regions t, and t,. Since the ultrasound receiving elements
121 to 126 or the ultrasound elements 131 to 136, for
example, transducers are spaced by different distances away
from the target region f), the ultrasound receiving elements
121 to 126 or the ultrasound elements 131 to 136 may receive
vibration waves transferred from the target region f, or from
the vibrating regions t; and t,, at different times, respectively.
Therefore, electrical signals of individual channels that are
output from the ultrasound receiving elements 121 to 126 or
the ultrasound elements 131 to 136 may have predetermined
time differences therebetween. The time-difference corrector
211 may correct time differences between the electrical sig-
nals of the individual channels so that the focuser 212 can
focus electrical signals acquired according to substantially
the same vibration waves.

[0099] To correct time differences between ultrasound sig-
nals, for example, as shown in FIG. 15, the time-difference
corrector 211 including time-difference correctors d1, d2, d3,
dd, d5, and d6 may delay transmission of ultrasound signals
of predetermined channels output from the ultrasound receiv-
ing elements 121 to 126 by predetermined time periods so that
the ultrasound signals of the plurality of channels can be
transferred to the focuser 212 at substantially the same time.
[0100] The focuser 212 may focus, as shown in FIG. 15, the
ultrasound signals of the plurality of channels subject to time-
difference correction by the time-difference corrector 211,
and output the focused signal.

[0101] According to an exemplary embodiment, the
focuser 212 may focus the ultrasound signals of the plurality
of channels after allocating a predetermined weight (for
example, a beamforming coefficient) to each ultrasound sig-
nal to enhance or attenuate an ultrasound signal at a prede-
termined location rather than the other ultrasound signals.
Accordingly, it is possible to produce a user’s desired ultra-
sound image.

[0102] The focuser 212 may focus ultrasound signals using
pre-defined beamforming coefficients without considering
the ultrasound signals, in case of data-independent beam-
forming. Also, the focuser 212 may acquire appropriate
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beamforming coefficients based on received ultrasound sig-
nals, and focus the ultrasound signals using the acquired
beamforming coefficients, in case of data-dependent beam-
forming.

[0103] The beamforming process that is performed by the
time-difference corrector 211 and the focuser 212 can be
expressed by Equation (4), below.

2= g W 1], [ [R], 4

[0104] where n is an index for a location of a target region
such as a depth of the target region, m is an index for each
channel, and w,, is a weight (for example, a beamforming
coefficient) allocated to an ultrasound signal of an m-th chan-
nel. A, is a time-difference correction value. The time-differ-
ence correction value is a value that the time-difference cor-
rector 211 uses to delay a transmission time of an ultrasound
signal. According to Equation (4), the focuser 212 may focus
electrical signals of individual channels subject to time cor-
rection, and output a focused signal. The focused signal may
be used as an ultrasound image.

[0105] According to an exemplary embodiment, the
focused signal that is output from the beamformer 210 may be
transferred to the combiner 220 as shown in FIG. 15.

[0106] As described above with referenceto FIGS. 6,7, and
8, the ultrasound probe 100 may irradiate ultrasonic waves to
the target region f, in a plurality of directions. In this case, the
ultrasonic waves that are irradiated to the target region f; may
be ultrasonic waves of different frequencies intersecting each
other at the target region f,. The ultrasound probe 100 or the
ultrasound receiver 120 may receive a plurality of vibration
waves corresponding to irradiation directions of the plurality
of ultrasonic waves, and output a plurality of electrical signals
of aplurality of channels. The plurality of electrical signals of
the plurality of channels may be focused by the beamformer
210. As a result, a plurality of ultrasound images may be
acquired.

[0107] The combiner 220 may combine a plurality of
focused signals, that is, a plurality of ultrasound images to
produce a combined signal, that is, a combined ultrasound
image.

[0108] FIGS.16to 18 are views for describing a method of
combining a plurality of images according to exemplary
embodiments. FIG. 16A illustrates a plurality of materials
included in an object ob. In FIG. 16A, each material is, for
convenience of description, shown in the form of a circle
arranged in rows and columns. The individual materials are
located in a plurality of target regions or vibrating regions f, |
to £, ,. The materials of a plurality of target regions or vibrat-
ing regions f, ; to f;, shown in a top row may be materials of
a plurality of target regions or vibrating regions that are clos-
est to the ultrasound probe 100, and materials of a plurality of
target regions or vibrating regions f,, to f  shown in a
bottom row may be materials of a plurality of target regions or
vibrating regions that are most distant from the ultrasound
probe 100.

[0109] FIG. 16B illustrates locations of vibration waves
that are generated from a plurality of target regions or vibrat-
ing regions £, to f  according to ultrasound irradiation by
the ultrasound probe 100. As described above with reference
to FIGS. 6, 7, and 8, if ultrasound waves of different frequen-
cies are irradiated to a target region, the target region or a
vibrating region around the target region may vibrate due to
an interference frequency caused by the different frequencies
of the irradiated ultrasound waves, to generate vibration
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waves. Vibration waves that are generated from the plurality
of target regions or vibrating regions f,, to f, , are shown in
FIG. 16B, and 1 to N are indexes for depths. If the ultrasound
probe 100 cannot irradiate ultrasonic waves to target regions
of different depths, for example, the target region f, , in the top
row (i.e., depth index=1) and the target region f ; in the
bottom row (i.e., depth index=N), at substantially the same
time, the ultrasound probe 100 may need to irradiate ultra-
sonic waves N times to acquire vibration waves of 1 to N
depths.

[0110] FIG. 16C shows focused signals (that is, images)
that are transferred to the combiner 220. If the ultrasound
probe 100 receives vibration waves, and the beamformer 210
focuses electrical signals of one or more channels corre-
sponding to the received vibration waves, ultrasound image
signals as shown in FIG. 16C may be acquired.

[0111] Each ellipse shown in FIG. 16C represents an ultra-
sound image signal that is acquired when each material
shown in FIG. 16A is imaged, and may represent a point
spread function (PSF) for a material of a predetermined target
region or a predetermined vibrating region f,  tof, . The PSF
is a function that expresses a relationship between an ideal
image and acquired radio frequency (RF) image data. When a
predetermined object is imaged using an imaging apparatus,
acquired image signals may be different from an ideal image
due to the technical properties or physical properties (for
example, scratches of ultrasound receiving elements) of the
imaging apparatus. A function that expresses such a differ-
ence is a PSF.

[0112] As such, a material shape acquired by an ultrasonic
imaging apparatus may be different from an original material
shape. For example, a material which is in the shape of acircle
as shown in FIG. 16A may be acquired in the shape of an
ellipse as shown in FIG. 16C by the ultrasonic imaging appa-
ratus.

[0113] Thecombiner 220 may combine a plurality of ultra-
sound images to acquire the shape of an original material, that
is, a combined ultrasound image that is substantially identical
to or similar to an ideal image.

[0114] According to an exemplary embodiment, the com-
biner 220 may combine a plurality of images in a plurality of
directions, produced based on a plurality of vibration waves
generated according to irradiation of ultrasonic waves in the
plurality of directions, thereby acquiring a combined ultra-
sound image.

[0115] FIGS. 17A to 17C show a plurality of images
acquired by irradiating ultrasonic waves to a target region of
an object in a plurality of directions according to an exem-
plary embodiment. The ultrasonic waves irradiated in the
respective directions means a plurality of ultrasonic waves of
different frequencies.

[0116] FIG. 17A shows an image acquired by irradiating
ultrasonic waves at a predetermined angle, e.g., about 45
degrees with respect to the target regions of FIG. 16A and
receiving radiated vibration waves. F1G. 17B shows an image
acquired by irradiating ultrasonic waves at about 90 degrees
with respect to the target regions and receiving radiated vibra-
tion waves. FIG. 17C shows an image acquired by irradiating
ultrasonic waves at about 135 degrees with respect to the
target regions and receiving radiated vibration waves.

[0117] The combiner 220 may combine a plurality of
images as shown in FIGS. 17A, 17B, and 17C, acquired
according to irradiation of ultrasonic waves in a plurality of
directions, and acquire a combined ultrasound image as
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shown in FIG. 18. Through the combination, the magnitudes
of vibration waves for all the target regions or vibrating
regions f,, to f,, can be extracted. Also, a combined ultra-
sound image that is substantially identical or similar to the
shapes of original materials, that is, an ideal image can be
acquired.

[0118] The combined ultrasound image may be stored in a
predetermined storage unit, such as, for example, a buffer, a
random access memory (RAM), a magnetic disk, a semicon-
ductor memory, or an optical memory, which can store elec-
trical signals temporarily or non-temporarily. The combined
ultrasound image may be transferred to and displayed on a
predetermined display, for example, a monitor. The acquired
ultrasound image may be transferred to the post-processor
230.

[0119] The post-processor 230 may perform predeter-
mined image processing on the ultrasound image combined
by the combiner 220. For example, the post-processor 230
may correct at least one from among the luminosity, bright-
ness, contrast, and sharpness of an entire or a part of the
ultrasound image. In this case, the post-processor 230 may
correct the ultrasound image according to an instruction or a
command from a user or according to a pre-defined setting.
Also, if a plurality of ultrasound images are output from the
combiner 220, the post-processing 230 may combine the
plurality of ultrasound images to produce a three-dimensional
(3D) stereo ultrasound image. The combined ultrasound
image processed by the post-processor 230 may also be
stored in the predetermined storage unit, and displayed on a
display device.

[0120] Hereinafter, a control method of the ultrasonic
imaging apparatus will be described.

[0121] FIG. 19 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to an exem-
plary embodiment. As shown in FIG. 19, according to an
exemplary embodiment of a control method of an ultrasonic
imaging apparatus, a plurality of ultrasound frequencies to be
irradiated may be determined in operation S400. The deter-
mined ultrasound frequencies mean frequencies of ultrasonic
waves that are to be interfered with each other. The frequen-
cies of the ultrasonic waves that are to be interfered with each
other may be different from each other. Hereinafter, for illus-
trative purposes, description is made with respect to the case
where a plurality of ultrasound waves have different frequen-
cies.

[0122] Next, a plurality of ultrasonic waves of different
frequencies according to the determined ultrasound frequen-
cies may be irradiated to a target region in a predetermined
direction, in operation S410. The plurality of ultrasonic
waves of the different frequencies may be irradiated by an
ultrasound probe. The ultrasound probe may be movable. The
plurality of ultrasonic waves of the different frequencies irra-
diated to the target region may intersect and interfere with
each other so that a predetermined interference frequency
applies vibration to the target region. Materials of the target
region may radiate vibration waves according to the applied
vibration. In this case, the radiated vibration waves may be
transferred to materials around the materials of the target
region, and the materials that have received the vibration
waves radiated from the target region may generate vibration
waves.

[0123] The vibration waves generated from the materials of
the target region and the materials around the target region
may be received by the ultrasound probe in operation S420.
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The ultrasound probe may convert the received vibration
waves into a plurality of electrical signals of a plurality of
channels.

[0124] The electrical signals of the plurality of channels
may be applied with time-difference correction, and then be
focused. Accordingly, an ultrasound image corresponding to
the vibration waves may be acquired in operation S430.
[0125] According to determination on whether to irradiate
ultrasonic waves in another direction, whether to move the
ultrasound probe may be determined in operation S440. If
ultrasonic waves need to be irradiated in another direction, the
ultrasound probe may be moved in the corresponding direc-
tion, in operation S450. After the ultrasound probe is moved,
aplurality ofultrasonic waves of different frequencies may be
irradiated at the moved location of the ultrasound probe, and
an ultrasound image at the moved location may be acquired in
substantially the same method as described above.

[0126] Operations S410 to S450 may be repeatedly per-
formed several times to acquire ultrasound images according
to a plurality of vibration waves acquired by irradiation of
ultrasonic waves at a plurality of locations.

[0127] If a plurality of ultrasound images are acquired
according to a plurality of vibration waves, the plurality of
ultrasound images may be combined, in operation S460.
[0128] Predetermined post-processing may be performed
on the combined ultrasound image, in operation S470.
[0129] After the predetermined post-processing, the com-
bined ultrasound image may be displayed through a display,
for example, a monitor, in operation S480.

[0130] FIG. 20 is a flowchart illustrating a control method
of an ultrasonic imaging apparatus, according to another
exemplary embodiment.

[0131] The control method illustrated in FIG. 20 may be
performed by an ultrasonic imaging apparatus including a
plurality of ultrasound probes.

[0132] First, aplurality ofultrasound frequencies that are to
be irradiated may be determined, in operation S500. The
determined ultrasound frequencies mean frequencies of ultra-
sonic waves that are to be interfered with each other at a
predetermined target region. The frequencies of the ultra-
sonic waves that are to be interfered with each other may be
different from each other. Hereinafter, for illustrative pur-
poses, description is made with respect to the case where a
plurality of ultrasound waves have different frequencies.
[0133] According to the decision in operation S500, a plu-
rality of ultrasonic waves of different frequencies may be
irradiated to a target region. In this case, the plurality of
ultrasonic waves of the different frequencies may be irradi-
ated by a first ultrasound probe of the plurality of ultrasound
probes, in operations S501 and S510.

[0134] Then, vibration waves generated from materials of
the target region or from materials around the target region
according to the interference of the plurality of ultrasonic
waves of the different frequencies may be received. In this
case, the vibration waves may be received by the first ultra-
sound probe that has irradiated the ultrasonic waves, or by
another ultrasound probe, in operation S520.

[0135] The vibration waves received by the first ultrasound
probe, or by the another ultrasound probe, may be converted
into electrical signals of a plurality of channels, and the elec-
trical signals of the plurality of channels may be applied with
time-difference correction and then focused. As a result, an
ultrasound image corresponding to the vibration waves
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received by the first ultrasound probe, or by the another ultra-
sound probe, may be acquired, in operation S530.
[0136] Next, whether another ultrasound probe other than
the first ultrasound probe needs to irradiate ultrasound waves
may be determined. That is, whether ultrasonic waves need to
be irradiated in another direction may be determined, in
operation S540.
[0137] Ifultrasound waves need to be irradiated in another
direction, operations S510 to S530 may be repeatedly per-
formed so that an ultrasound image is acquired based on
vibration waves generated according to irradiation of ultra-
sonic waves in the another direction, in operation S541.
Accordingly, a plurality of ultrasound images according to a
plurality of vibration waves may be acquired.
[0138] The plurality of ultrasound images according to the
plurality of vibration waves may be combined, in operation
S550
[0139] The combined ultrasound image may be applied
with predetermined post processing, in operation S560. The
combined ultrasound image may be output through a display,
for example, a monitor, in operation S570.
[0140] In the ultrasonic imaging apparatus and the control
method thereof according to exemplary embodiments, since
signals used for generating an ultrasound image can be
quickly collected, an ultrasound image can be acquired at
high speed.
[0141] Also, it is possible to quickly acquire higher resolu-
tion ultrasound images.
[0142] In addition, it is possible to acquire an ultrasound
image based on vibroacoustography without using a hydro-
phone while reducing a time consumed to collect ultrasonic
waves.
[0143] Also, it is possible to produce a higher resolution
image by improving reception focusing at lower resolution to
prevent resolution deterioration of acquired images in vibroa-
coustography.
[0144] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. The present teaching can be readily applied to other
types of apparatuses. The description of the exemplary
embodiments is intended to be illustrative, and not to limit the
scopeofthe claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.
What is claimed is:
1. An ultrasonic imaging apparatus comprising:
an ultrasound probe configured to transmit ultrasonic
waves to a target region of an object in a plurality of
directions, and to receive vibration waves generated
from the object; and
an image processor configured to generate image signals in
the plurality of directions based on the vibration waves
generated according to transmission of the ultrasonic
waves in the plurality of directions, and to combine the
image signals in the plurality of directions,
wherein the ultrasound probe comprises ultrasound ele-
ments configured to respectively generate ultrasonic
waves of different frequencies, the ultrasonic waves
intersecting each other in the target region of the object.
2. The ultrasonic imaging apparatus according to claim 1,
wherein the ultrasound probe is configured to be movable.
3. The ultrasonic imaging apparatus according to claim 1,
wherein the ultrasound elements are configured to receive the
vibration waves, and convert the received vibration waves to
generate an echo signal.
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4. The ultrasonic imaging apparatus according to claim 1,
wherein the ultrasound probe further comprises a support
frame on which the ultrasound elements are arranged in a row.

5. The ultrasonic imaging apparatus according to claim 3,
wherein the image processor comprises:

a focuser configured to focus the echo signal, and to
acquire the image signals in the plurality of directions;
and

a combiner configured to combine the image signals in the
plurality of directions, focused by the focuser, and to
generate a combined image.

6. The ultrasonic imaging apparatus according to claim 1,

wherein the ultrasound elements comprise:

an ultrasound generator configured to generate and irradi-
ate the ultrasonic waves of the different frequencies; and

an ultrasound receiver configured to receive the vibration
waves that are generated from the target region accord-
ing to interference waves generated by the ultrasonic
waves of the different frequencies intersecting each
other in the target region.

7. The ultrasonic imaging apparatus according to claim 6,

wherein the ultrasound generator is configured to be movable.

8. The ultrasonic imaging apparatus according to claim 6,
wherein the ultrasound receiver comprises a receiving ele-
ment configured to receive the vibration waves, and to convert
the vibration waves to generate an echo signal.

9. The ultrasonic imaging apparatus according to claim 6,
wherein the ultrasound receiver comprises a hydrophone con-
figured to receive waves.

10. The ultrasonic imaging apparatus according to claim 1,
wherein the ultrasound probe is configured to transmit the
ultrasonic waves of the different frequencies using the target
region as a focal point.

11. The ultrasonic imaging apparatus according to claim 1,
wherein an angle between first and second directions among
the plurality of directions is substantially a right angle.

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

transmitting ultrasonic waves of different frequencies in a
plurality of directions to a target region of an object;

receiving vibration waves corresponding to the plurality of
directions, generated from the target region according to
interference of the ultrasonic waves of the different fre-
quencies;

acquiring image signals in the plurality of directions based
on the vibration waves; and

combining the image signals in the plurality of directions
to generate a combined image.

13. The control method according to claim 12, wherein the
acquiring the image signals comprises sequentially transmit-
ting by ultrasound probes arranged at a plurality of locations,
the ultrasonic waves of the different frequencies to the target
region to acquire the image signals in the plurality of direc-
tions.

14. The control method according to claim 12, wherein the
acquiring the image signals comprises moving an ultrasound
probe to a plurality of locations to transmit the ultrasonic
waves of the different frequencies at the plurality of locations
to acquire the image signals in the plurality of directions.

15. The control method according to claim 12, wherein the
acquiring the image signals comprises converting, by a
receiving element of an ultrasound probe, the vibration waves
to generate an echo signal.
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16. The control method according to claim 15, wherein the
receiving element is configured to be arranged in a row within
the ultrasound probe.

17. The control method according to claim 15, wherein the
acquiring the image signals further comprises:

converting the vibration waves into a plurality of echo

signals;

correcting time differences between the plurality of echo

signals; and

focusing the plurality of echo signals of which the time

differences are corrected to acquire the image signals in
the plurality of directions based on the vibration waves.

18. The control method according to claim 12, wherein the
receiving the vibration waves comprises receiving, by a
hydrophone, the vibration waves.

19. The control method according to claim 12, wherein the
transmitting the ultrasonic waves comprises transmitting the
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ultrasonic waves of the different frequencies using the target
region of the object as a focal point.
20. An ultrasonic imaging apparatus comprising:
an ultrasound probe configured to transmit ultrasonic
waves of different frequencies in a plurality of direc-
tions, the ultrasonic waves intersecting each otherinata
target region inside an object, and receive vibration
waves generated from the object according to interfer-
ence of the ultrasonic waves of the different frequencies;
and
an image processor configured to generate images of the
object in the plurality of directions based on the vibra-
tion waves generated according to transmission of the
ultrasonic waves of the different frequencies in the plu-
rality of directions, and combine images of the object in
the plurality of directions to generate a combined image.
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