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(57) Provided are an ultrasonic diagnostic apparatus
that is capable of generating an image caused by funda-
mental components of ultrasonic echo signals and syn-
thesizing the generated image with an image caused by
harmonic components so that an image having both ad-
vantages of the images can be generated, and a method
of controlling the ultrasonic diagnostic apparatus. The
ultrasonic diagnostic apparatus includes: a transmission
beam generating unit that generates a plurality of sets of
transmission beams by setting transmission beams
which are transmitted in different transmission scan line
positions and in which the sum of waveforms is 0, to one
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set; a reception beam generating unit that generates re-
ception beams with respect to at least one reception scan
line in consideration of transmission delay of the trans-
mission beams in each of the transmission scan lines; a
signal processing unit that extracts fundamental compo-
nents and harmonic components from the reception
beams, respectively; a synthesization unit thatgenerates
synthesized signals by synthesizing the fundamental
components and the harmonic components according to
a set synthesization ratio; and a display unit that displays
a synthesized image including the synthesized signals.
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Description
BACKGROUND
1. Field

[0001] Embodiments of the present invention relate to
an ultrasonic diagnostic apparatus that is capable of im-
aging an inside of an object by using ultrasonic echo sig-
nals reflected from the object and returned, and a method
of controlling the ultrasonic diagnostic apparatus.

2. Description of the Related Art

[0002] Since ultrasonic diagnostic apparatuses have
non-invasive and non-destructive characteristics, the ul-
trasonic diagnostic instruments are widely used in the
field of medicine so as to image an inside of an object or
obtain information regarding a material that constitutes
the inside of the object.

[0003] To this end, the ultrasonic diagnostic instru-
ments transmit ultrasonic signals and receive ultrasonic
echo signals reflected from the object and returned. The
ultrasonic signals may be deformed by a reaction with a
tissue that constitutes the inside of the object and thus,
distortion occurs in waveforms of the ultrasonic signals.
Thus, frequency sound waves that correspond to an in-
teger multiple of fundamental frequency components
may be included in the ultrasonic echo signals, and these
frequency components are referred to as harmonic com-
ponents.

SUMMARY

[0004] Therefore, it is an aspect of the present inven-
tion to provide an ultrasonic diagnostic apparatus that is
capable of generating an image caused by fundamental
components of ultrasonic echo signals and synthesizing
the generated image with an image caused by harmonic
components so that an image having both advantages
of the images can be generated, and a method of con-
trolling the ultrasonic diagnostic apparatus.

[0005] Additional aspects of the invention will be set
forth in part in the description which follows and in part,
will be obvious from the description, or may be learned
by practice of the invention.

[0006] In accordance with one aspect of the present
invention, an ultrasonic diagnostic apparatus includes: a
transmission beam generating unit that generates a plu-
rality of sets of transmission beams by setting transmis-
sion beams which are transmitted in different transmis-
sion scan line positions and in which the sum of wave-
forms is 0, to one set; a reception beam generating unit
that generates reception beams with respect to at least
one reception scan line in consideration of transmission
delay of the transmission beams in each of the transmis-
sion scan lines; a signal processing unit that extracts fun-
damental components and harmonic components from
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the reception beams, respectively; a synthesization unit
that generates synthesized signals by synthesizing the
fundamental components and the harmonic components
according to a set synthesization ratio; and a display unit
that displays a synthesized image including the synthe-
sized signals.

[0007] The ultrasonicdiagnostic apparatus may further
include an input unit to which selection of the synthesi-
zation ratio is input from a user.

[0008] The signal processing unit may extract the har-
monic components by coupling the reception beams with
respect to the same reception scan line.

[0009] The signal processing unit may extract the fun-
damental components by subtracting at least two recep-
tion beams among the reception beams with respect to
the same reception scan line.

[0010] The signal processing unit may perform filtering
on the extracted fundamental components and harmonic
components.

[0011] The ultrasonicdiagnostic apparatus may further
include an image processing unit that generates a fun-
damental image including the fundamental components,
a harmonic image including the harmonic components,
and a synthesized image including the synthesized sig-
nals.

[0012] The display unit may further display the funda-
mental image and the harmonic image.

[0013] The display unit may display a synthesized im-
age according to a synthesization ratio that changes
when the synthesization ratio changes, in real time.
[0014] The ultrasonicdiagnostic apparatus may further
include a storing unit that stores the reception beams or
the fundamental components and the harmonic compo-
nents extracted from the reception beams.

[0015] In accordance with another aspect of the
present invention, an ultrasonic diagnostic apparatus in-
cludes: a transmission beam generating unit that gener-
ates a plurality of sets of transmission beams by setting
transmission beams which are transmitted in different
transmission scan line positions and in which the sum of
waveforms is 0, to one set; a reception beam generating
unit that generates reception beams with respect to at
least one reception scan line in consideration of trans-
mission delay of the transmission beams in each of the
transmission scan lines; a signal processing unit that ex-
tracts fundamental components and harmonic compo-
nents from the reception beams, respectively; an image
processing unit that generates a fundamental image in-
cluding the fundamental components and a harmonic im-
age including the harmonic components; a synthesiza-
tion unit that generates a synthesized image by synthe-
sizing the fundamental image and the harmonic image
according to a set synthesization ratio; and a display unit
that displays the synthesized image.

[0016] The ultrasonicdiagnostic apparatus may further
include an input unit to which selection of the synthesi-
zation ratio is input from a user.

[0017] The display unit may further display the funda-
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mental image and the harmonic image.

[0018] In accordance with still another aspect of the
present invention, a method of controlling an ultrasonic
diagnostic apparatus, includes: radiating a plurality of
sets of transmission beams onto different transmission
scan line positions by setting transmission beams in
which the sum of waveforms is 0, to one set; generating
reception beams with respect to at least one reception
scan line in consideration of transmission delay of the
transmission beams in each of the transmission scan
lines; extracting fundamental components and harmonic
components from the reception beams, respectively;
generating synthesized signals by synthesizing the fun-
damental components and the harmonic components ac-
cording to a set synthesization ratio; and displaying a
synthesized image including the synthesized signals.
[0019] The method may further include receiving se-
lection of the synthesization ratio from a user.

[0020] The extracting of the fundamental components
and the harmonic components from the reception beams,
respectively, may include extracting the harmonic com-
ponents by coupling the reception beams with respect to
the same reception scan line.

[0021] The extracting of the fundamental components
and the harmonic components from the reception beams,
respectively, may include extracting the fundamental
components by subtracting at least two reception beams
among the reception beams with respect to the same
reception scan line.

[0022] The extracting of the fundamental components
and the harmonic components from the reception beams,
respectively, may further include performing filtering on
the extracted fundamental components and harmonic
components.

[0023] The method may further include generating a
fundamental image including the fundamental compo-
nents and a harmonicimage including the harmonic com-
ponents.

[0024] The method may further include displaying the
fundamental image and the harmonic image.

[0025] The displaying of the synthesized image may
include displaying a synthesized image according to a
synthesization ratio that changes when the synthesiza-
tion ratio changes, in real time.

[0026] In accordance with yet still another aspect of
the present invention, a method of controlling an ultra-
sonic diagnostic apparatus, includes: generating a plu-
rality of sets of transmission beams in different transmis-
sion scan line positions by setting transmission beams
in which the sum of waveforms is 0, to one set; generating
reception beams with respect to at least one reception
scan line in consideration of transmission delay of the
transmission beams in each of the transmission scan
lines; extracting fundamental components and harmonic
components from the reception beams, respectively;
generating a fundamental image including the funda-
mental components and a harmonic image including the
harmonic components; generating a synthesized image
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by synthesizing the fundamental image and the harmonic
image according to a set synthesization ratio; and dis-
playing the synthesized image.

[0027] The method may further include receiving se-
lection of the synthesization ratio from a user.

[0028] The method may further include displaying the
fundamental image and the harmonic image.

[0029] The method may further include storing the re-
ception beams or the fundamental components and the
harmonic components extracted from the reception
beams.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a control block diagram of an ultrasonic
diagnostic apparatus in accordance with an embod-
iment of the present invention;

FIG. 2 is a view of a transducer array included in the
ultrasonic diagnostic apparatus in accordance with
an embodiment of the present invention;

FIG. 3 is aview illustrating relative positions of trans-
mission beams, reception beams, and final scan
lines when harmonic components are separated by
using an existing pulse inversion method;

FIG. 4 is aview illustrating relative positions of trans-
mission beams, reception beams, and final scan
lines when harmonic components are separated by
using the ultrasonic diagnostic apparatus in accord-
ance with an embodiment of the present invention;
FIG. 5 is a control block diagram of concretized con-
figurations of a transmission beam generating unit
and a reception beam generating unit;

FIG. 6 is a control block diagram of a concretized
configuration of a signal processing unit;

FIGS. 7A and 7B are views for describing extraction
of harmonic components and fundamental compo-
nents;

FIGS. 8A and 8B through 10A and 10B are views of
signal modeling of reception beams;

FIG. 11 is a control block diagram of the ultrasonic
diagnostic apparatus that performs filtering on the
fundamental components and the harmonic compo-
nents;

FIGS. 12A and 12B are graphs showing the result
of filtering on the harmonic components, and FIGS.
13Aand 13B are graphs showing the result offiltering
on the fundamental components;

FIG. 14 is a view of an operation of synthesizing a
harmonic image and a fundamental image by using
a synthesization unit;

FIG. 15 is a control block diagram of the ultrasonic
diagnostic apparatus further including a storing unit;
FIGS. 16 and 17 are views of an exterior of the ul-
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trasonic diagnostic apparatus in accordance with an
embodiment of the present invention;

FIG. 18 is a flowchart of a method of controlling the
ultrasonic diagnostic apparatus, in accordance with
an embodiment of the present invention; and

FIG. 19 is a flowchart of a method of controlling the
ultrasonic diagnostic apparatus, in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION

[0031] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
[0032] Hereinafter, an ultrasonic diagnostic apparatus
and a method of controlling the same in accordance with
embodiments of the present invention will be described
in more detail with reference to the accompanying draw-
ings.

[0033] FIG. 1isacontrol block diagram of an ultrasonic
diagnostic apparatus in accordance with an embodiment
of the present invention, and FIG. 2 is a view of a trans-
ducer array included in the ultrasonic diagnostic appara-
tus in accordance with an embodiment of the present
invention.

[0034] Referring to FIG. 1, an ultrasonic diagnostic ap-
paratus 100 in accordance with an embodiment of the
present invention includes a transducer module 110 that
interconverts electrical signals and ultrasonic signals, a
transmission beam generating unit 120 that generates
transmission beams, a reception beam generating unit
130 that receives ultrasonic echo signals from the trans-
ducer module 110 and generates reception beams in a
predetermined position, a signal processing unit 140 that
extracts fundamental components and harmonic compo-
nents by coupling reception beams in the same scan line
position, a synthesization unit 150 that synthesizes two
components or images generated by the two compo-
nents according to a synthesization ratio of the extracted
harmonic components with respect to the fundamental
components, an image processing unit 160 that gener-
ates an ultrasonic image by performing image process-
ing, such as compression or filtering, on frequency com-
ponents extracted from the reception beams or synthe-
sized signals obtained by synthesizing the frequency
components, an input unit 170 to which selection of the
synthesization ratio of the harmonic components with re-
spect to the fundamental components is input, and a dis-
play unit 180 that displays the ultrasonic image on which
image processing is performed.

[0035] The transducer module 110 may include a
transducer array 111 including a plurality of transducer
elements and a switch 112 that selects the plurality of
transducer elements to be used to transmit and receive
the ultrasonic signals, as illustrated in FIG. 2. In the cur-
rent embodiment, the ultrasonic diagnostic apparatus
100 includes a one-dimensional transducer array 111.
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However, the embodiment of the ultrasonic diagnostic
apparatus 100 is not limited thereto, and the ultrasonic
diagnostic apparatus 100 may include a multidimension-
al transducer array 111.

[0036] Each of the transducer elements may intercon-
vert the ultrasonic signals and the electrical signals. To
this end, the transducer elements may be implemented
with a magnetostrictive ultrasonic transducer using a
magnetostrictive effect of a magnetic substance, a pie-
zoelectric ultrasonic transducer using a piezoelectric ef-
fect of a piezoelectric material, or a piezoelectric mi-
cromachined ultrasonic transducer (pMUT) or may be
implemented with a capacitive micromachined ultrasonic
transducer (cMUT) that transmits/receives ultrasonic
waves by using vibration of several hundreds or several
thousands of micromachined thin films.

[0037] The transducer array 111 may be arranged in
a linear form, as illustrated in FIG. 2, and may also be
arranged in a convex form. In both cases, a fundamental
operation principle of the transducer array 111 is the
same. However, in a curved probe, ultrasonic beams
transmitted from the transducer module 110 have a fan
shape and thus, an ultrasonic image to be generated may
be fan-shaped.

[0038] The switch 112may be implemented with a mul-
tiplexer (MUX). However, embodiments of the present
invention are not limited thereto, and any type of switch
that may select a part of the plurality of transducer ele-
ments may be used as the switch 112.

[0039] A three-dimensional (3D) space in which ultra-
sonic imaging is performed, may be defined as a y-axis
that corresponds to an elevational direction, an x-axis
that corresponds to a lateral direction, and a z-axis that
corresponds to an axial direction.

[0040] Spatial resolution of a two-dimensional ultra-
sonic image may be determined by axial resolution and
lateral resolution. The axial resolution may refer to a ca-
pacity that may distinguish two objects arranged along
an axis of ultrasonic beams, and the lateral resolution
may refer to a capacity that may distinguish two objects
arranged at a right angle to the axis of the ultrasonic
beams.

[0041] Since the axial resolution is determined by a
pulse width of the ultrasonic signals, the axial resolution
is further improved as the ultrasonic signals are high-
frequency ultrasonic signals having short pulse widths.
[0042] Since the lateral resolution and elevational di-
rection resolution are determined by widths of ultrasonic
beams, as the widths of the ultrasonic beams become
smaller, the lateral resolution is further improved.
[0043] Thus, in order to improve resolution of the ul-
trasonic image, in particular, to improve the lateral reso-
lution, the ultrasonic signals transmitted from the plurality
of transducer elements may be focused on a focal point
on a scan line, or the ultrasonic signals received from
several imaging points may be focused so that ultrasonic
beams having small widths may be formed. This is re-
ferred to beamforming.
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[0044] The ultrasonic diagnostic apparatus 100 in ac-
cordance with an embodiment of the present invention
may generate reception beams in a desired reception
scan line position by employing a synthetic aperture
beamforming method, whereby bidirectional dynamic fo-
cusing may be performed. Examples of the synthetic ap-
erture beamforming method include a method, whereby,
when one transducer element transmits the ultrasonic
signals, radio frequency (RF) signals reflected from a tar-
get and returned therefrom are received and stored and
then, when transmitting/reception of all transducer ele-
ments is completed, the stored signals are read and syn-
thesized, a method, whereby the ultrasonic signals are
simultaneously transmitted from the plurality of transduc-
er elements, and a method, whereby a transmission fo-
cus is assumed as a virtual source element and trans-
mitting/reception focusing is performed at all imaging
points by using RF data corresponding to scan lines. In
the embodiment of the ultrasonic diagnostic apparatus
100, the synthetic aperture beamforming method is not
limited.

[0045] Meanwhile, the ultrasonic signals transmitted
to an inside of the object pass through a tissue and are
deformed. Thus, distortion occurs in waveforms of the
ultrasonic signals. Thus, harmonic components together
with fundamental components are included in ultrasonic
echo signals received by the transducer array 111.
[0046] Since the fundamental components are placed
in a lower frequency band than that of the harmonic com-
ponents, the fundamental components have low attenu-
ation in the same medium and are advantageous to
watching a deep portion of the image. In the harmonic
components, an image including the harmonic compo-
nents has improved resolution and improved contrast,
such as a signal to noise ratio (SNR), compared to that
of an image including the fundamental components.
[0047] Thus, the ultrasonic diagnostic apparatus 100
in accordance with an embodiment of the presentinven-
tion extracts the fundamental components and the har-
monic components from the ultrasonic echo signals, i.e.,
the reception beams, and then synthesizes them accord-
ing to an appropriate ratio, thereby generating an ultra-
sonicimage having both advantages of two components.
[0048] As described above, since the ultrasonic diag-
nostic apparatus 100 in accordance with an embodiment
of the present invention employs the synthetic aperture
beamforming method, the reception beam generating
unit 130 may generate reception beams on a reception
scan line in a desired position and may generate recep-
tion beams on a reception scan line in a different position
from that of a transmission scan line. Thus, the reception
beam generating unit 130 generates the receptionbeams
in an appropriate position in consideration of transmis-
sion delay of the transmission beams so that the signal
processing unit 140 may extract the fundamental com-
ponents and the harmonic components by using the re-
ception beams.

[0049] FIG. 3 is a view illustrating relative positions of
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transmission beams, reception beams, and final scan
lines when harmonic components are separated by using
an existing pulse inversion method, and FIG. 4 is a view
illustrating relative positions of transmission beams, re-
ception beams, and final scan lines when harmonic com-
ponents are separated by using the ultrasonic diagnostic
apparatus in accordance with an embodiment of the
present invention.

[0050] As illustrated in FIG. 3, in an existing method,
transmission beams having opposite polarities (a phase
difference of 180°) are respectively transmitted to the
same position in order to extract harmonic components,
and reception beams are added to the transmission
beams, so that fundamental components are removed
and the harmonic components are emphasized.

[0051] In detail, Tx4(+) and Txy(-) are respectively
transmitted to a position x4, and a reception beam with
respect to Tx4(+) and a reception beam with respect to
Tx,(-) are added to each other. Tx,(+) and Txy(-) have
the same size but have opposite polarities. Txs(+) and
Tx4(-) are respectively transmitted to a position x,, and
a reception beam with respect to Txs(+) and a reception
beam with respect to Tx,(-) are added to each other. In
the current embodiment, Tx,(+) to Txg(-) are shown.
However, when the number of desired scan lines is n
(where nis an integer), 2n reception beams are obtained
and added in the same manner. In this case, since trans-
mission beams need to be transmitted twice to the same
position, a frame rate is lowered.

[0052] In accordance with an embodiment shown in
FIG. 4, the transmission beam generating unit 120 gen-
erates transmission beams having opposite polarities in
different transmission scan line positions and transmits
the generated transmission beams to the object by using
the transducer module 110. For example, the reception
beam generating unit 130 may generate a reception
beam with respect to two reception scan line positions
offset by a transmission scan line by using the ultrasonic
echo signals received from the transducer module 110.
Positions of the transmission scan line and the reception
scan line may be indicated by positions in the x-axis di-
rection.

[0053] Indetail, Tx4(+) is transmitted to the position x4,
and Tx,(-) is transmitted to the position x,, and Txz(+) is
transmitted to a position x5, and Txy(-) is transmitted to
a position x4. That is, transmission beams having fre-
quencies of opposite polarities are alternately transmit-
ted to different transmission scan line positions. The
transmission beams transmitted to respective positions
may have the same size.

[0054] The reception beam generating unit 130 gen-
erates a reception beam with respect to Tx4(+) in posi-
tions x4_4 and x,_, and generates a reception beam with
respect to Tx,(-) in positions x,_, and x5_5. The reception
beam generating unit 130 generates a reception beam
with respect to Txz(+) in positions x5_3 and x4_4 and gen-
erates a reception beam with respect to Tx,(+) in posi-
tions x4_4 and Xg_s.
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[0055] As a result, reception beams having different
polarities are generated in the same reception scan line
position. Thus, the reception beams are added so that
signals from which fundamental components are re-
moved, may be obtained.

[0056] Thus, the ultrasonic diagnostic apparatus 100
in accordance with an embodiment of the presentinven-
tion does not remove the fundamental components by
using simple filtering and thus may extract second har-
monic components, amplitudes of which are improved,
and does not repeatedly radiate the transmission beams
onto the same transmission scan line position so that the
frame rate may not be lowered.

[0057] FIG. 5is a control block diagram of concretized
configurations of a transmission beam generating unit
and a reception beam generating unit.

[0058] ReferringtoFIG.5, the transmission beam gen-
erating unit 120 may include a waveform generating unit
121 that generates waveforms of transmission signals
with respect to transmission scan lines, a waveform se-
lecting unit 122 that selects waveforms to be transmitted
to the transducer elements, and a transmission focusing
unit 123 that focuses the transmission signals to be trans-
mitted to the transducer element.

[0059] The waveform generating unit 121 generates
waveforms having appropriate frequency and phase suit-
able for characteristics of the object and a diagnostic pur-
pose. In this case, the waveform generating unit 121 may
generate waveforms according to a combination in which
the sum of waveforms may be 0. For example, two wave-
forms having a phase difference of 180° may be set to
one set, and four waveforms having a phase difference
of 90° may be set to one set.

[0060] The waveform selecting unit 122 selects wave-
forms to be transmitted to the transducer elements in
respective transmission scan line positions. For exam-
ple, when two waveforms having the phase difference of
180° is set to one set, two waveforms having the phase
difference of 180° may be selected and transmitted to
the transducer elements corresponding to two consecu-
tive transmission scan lines. In this case, a transducer
element corresponding to one transmission scan line
may be provided as one transducer element or in the
plural according to a transmission focusing method.
[0061] When a plurality of transducer elements corre-
sponding to one transmission scan line are provided, the
transmission focusing unit 123 gives time delay so that
the ultrasonic signals transmitted from the transducer el-
ements may simultaneously reach a focal point on a
transmission scan line, thereby generating transmission
beams. When widths of ultrasonic beams are reduced
by focusing the ultrasonic signals, the lateral resolution
may be improved.

[0062] The transducer module 110 receives ultrasonic
echo signals, converts the ultrasonic echo signals into
electrical signals, and transmits the electrical signals to
the reception beam generating unit 130. In the following
embodiment that will be described below, the ultrasonic
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echo signals converted into the electrical signals are re-
ferred to as reception signals.

[0063] The reception beam generating unit 130 may
include a reception unit 131 that performs amplification
and gain correction by receiving the reception signals,
and a beamformer 132 that generates reception beams
corresponding to the transmission beams by using the
reception signals.

[0064] Also,whenthe beamformer 132 isimplemented
with a digital beamformer, the reception unit 131 may
further include an analog-to-digital converter (ADC) and
may convert analog reception signals on which amplifi-
cation and gain correction are performed, into digital re-
ception signals.

[0065] The beamformer 132 generates reception
beams in desired reception scan line positions by using
the reception signals. In detail, the beamformer 132 gen-
erates reception beams with respect to different trans-
mission beams in the same reception scan line position.
Here, differenttransmission beams that are transmission
beams radiated onto different transmission scan lines,
refer to transmission beams in which the sum of wave-
forms is 0.

[0066] The ultrasonic diagnostic apparatus 100 in ac-
cordance with an embodiment of the present invention
employs the synthetic aperture beamforming method
and thus may generate reception beams with respect to
reception scan lines in different positions from those of
transmission scan lines. Thus, as illustrated in FIG. 4
described above, the beamformer 132 may generate re-
ception beams with respect to at least two reception scan
line positions offset by the transmission scan line posi-
tions when generating reception beams with respect to
one transmission beam. For example, the beamformer
132 may generate a reception beam with respect to
Tx4(+) and a reception beam with respect to Tx,(-) in the
position X_,.

[0067] However,asillustratedin FIG. 4, generating two
reception scan lines offset by one transmission scan line
position is merely one embodiment of the ultrasonic di-
agnostic apparatus 100. The beamformer 132 may gen-
erate three or more reception scan lines or one reception
scan line with respect to one transmission scan line po-
sition according to a combination of transmission beam
sets and may generate reception scan lines in the same
position as that of transmission scan lines.

[0068] FIG. 6 is a control block diagram of a concre-
tized configuration of a signal processing unit, and FIGS.
7A and 7B are views for describing extraction of harmonic
components and fundamental components, and FIGS.
8A and 8B through 10A and 10B are views of signal mod-
eling of reception beams.

[0069] Referring to FIG. 6, the signal processing unit
140 may include a harmonic component extracting unit
141 and a fundamental component extracting unit 142.
The harmonic component extracting unit 141 extracts
harmonic components from reception beams, and the
fundamental component extracting unit 142 extracts fun-
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damental components from the reception beams. Both
the harmonic components and the fundamental compo-
nents refer to frequency components.

[0070] The harmonic component extracting unit 141
and the fundamental component extracting unit 142 may
extract the harmonic components and the fundamental
components respectively by coupling the reception
beams generated in the same reception scan line posi-
tion. Here, coupling may be summation or subtraction of
signals, or a combination thereof.

[0071] As illustrated in FIG. 7A, the harmonic compo-
nent extracting unit 141 may extract harmonic compo-
nents H, obtained by removing fundamental components
from reception beams Rx4(+) and Rx,(-) generated in the
position x,_, by summing up the reception beams Rx4(+)
and Rx,(-) generated in the position x,_, and may extract
harmonic components H, obtained by removing funda-
mental components from reception beams Rx,(-) and
Rx3(+) generated in the position x5 5 by summing up the
reception beams Rx,(-) and Rx;(+) generated in the po-
sition x5_3. The harmonic component extracting unit 141
may extract harmonic components H; obtained by re-
moving fundamental components from reception beams
Rx3(+) and Rx,(-) generated in the position x,_4 by sum-
ming up the reception beams Rxz(+) and Rx,(-) gener-
ated in the position x4 4. Thus, final scan lines may be
generated in the positions x,_,, X3_3, and x4_4. Here, sum-
mation performed on the reception beams may be co-
herent summation.

[0072] Inthe current embodiment, for conveniences of
explanation, the harmonic components H, to H; have
been described. However, the same method may be ap-
plied to scan lines after the harmonic components Hs.
[0073] Asillustrated in FIG. 7B, the fundamental com-
ponent extracting unit 142 may extract fundamental com-
ponents F; by summing up the reception beam Rx;(+)
generated in the position x,., and a reception beam
-Rx,(-) obtained by adding a negative sign (-) to Rxy(-).
In other words, the fundamental component extracting
unit 142 may extract the fundamental component F ob-
tained by removing harmonic components by subtracting
Rx,(-) from Rx,(+). The fundamental component extract-
ing unit 142 may extract fundamental components F, ob-
tained by removing harmonic components by summing
up the reception beams Rx3(+) and -Rx,(-) generated in
the position x3 3, and may extract fundamental compo-
nents F3 by summing up the reception beams Rx5(+) and
-Rx4(-) generated in the position x4 4. That is, the funda-
mental component extracting unit 142 may extract the
fundamental components obtained by removing the har-
monic components, by summing up the reception beams
generated in the same reception scan line position after
adding a negative sign to a reception beam generated
with respect to a transmission beam having a negative
(-) polarity. Even in this case, final scan lines may be
generated in the positions X5, X3_3, and x4_4.

[0074] The relationship between frequencies and am-
plitudes of areception signal s1 corresponding to a trans-
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mission beam having a positive polarity and a reception
signal s2 corresponding to a transmission beam having
a negative polarity is as illustrated in FIG. 8A. Also, fre-
quency response characteristics of two reception signals
s1 and s2 are as illustrated in FIG. 8B.

[0075] The relationship between a frequency and an
amplitude of a signal (s3=s1+s2) obtained by summing
up two reception signals s1 and s2 by using the harmonic
component extracting unit 141 is as illustrated in FIG.
9A. The signal s3 is a harmonic signal from which fun-
damental components are removed and of which har-
monic components are emphasized, and in particular,
corresponds to a second harmonic signal.

[0076] A frequency response of the second harmonic
signal s3 may be indicated by a graph shown in FIG. 9B.
Here, it may be checked that fundamental components
are removed from the second harmonic signal s3.
[0077] The relationship between a frequency and an
amplitude of a signal (s4=s1-s2) obtained by subtracting
two reception signals s1 and s2 by using the fundamental
component extracting unit 142 is as illustrated in FIG.
10A. The signal s4 is a fundamental signal from which
harmonic components are removed and of which funda-
mental components are emphasized.

[0078] Afrequencyresponse ofthe fundamental signal
s4 may be indicated by a graph shown in FIG. 10B. Here,
it may be checked that harmonic components are re-
moved from the fundamental signal s4.

[0079] In the above-described embodiment, a trans-
mission beam set includes two transmission beams hav-
ing a phase difference of 180°. As another example,
transmission beams shifted by 90°, such as s = cos(0),
S, = cos(0+n/2), s3 = cos(0+n), and s, = (6+37n/2), may
be set to one transmission beam set. In this case, the
harmonic component extracting unit 141 may extract har-
monic components by coherently summing up a recep-
tion beam Rx_s4 corresponding to s, a reception beam
Rx_s, corresponding to s,, a reception beam Rx_s5 cor-
responding to s3, and a reception beam Rx_s, corre-
sponding to S,.

[0080] Also, the fundamental component extracting
unit 142 may extract fundamental components by calcu-
lating (Rx_s4- Rx_s3), (Rx_sy- Rx_s,), or ((Rx_sq-
Rx_s3)+ (RXx_s5-RX_5s,)).

[0081] The embodiment of the ultrasonic diagnostic
apparatus 100 is not limited to the examples, and a case
where transmission beams in which the sum of wave-
forms is 0, may be set to one set and fundamental com-
ponents or harmonic components may be removed by
properly coupling the reception beams corresponding to
the transmission beams, may be applied to the embod-
iment of the ultrasonic diagnostic apparatus 100.
[0082] FIG. 11 is a control block diagram of the ultra-
sonic diagnostic apparatus that performs filtering on the
fundamental components and the harmonic compo-
nents, and FIGS. 12A and 12B are graphs showing the
result of filtering on the harmonic components, and FIGS.
13A and 13B are graphs showing the result of filtering
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on the fundamental components.

[0083] Referring to FIG. 11, the ultrasonic diagnostic
apparatus 100 may further include a filtering unit 143 that
performs filtering on the harmonic components extracted
by the harmonic component extracting unit 141 and on
the fundamental components extracted by the funda-
mental component extracting unit 142.

[0084] As illustrated in FIG. 12A, various noise in ad-
dition to the harmonic components may be included in
the harmonic components extracted by the harmonic
component extracting unit 141. Thus, the filtering unit
143 may perform filtering by applying a filter, such as a
low passfilter (LPF), to the harmonic components, there-
by obtaining harmonic signals from which noise is re-
moved, as illustrated in FIG. 12B. Also, the filtering unit
143 may perform a function of demodulation in which
signals are lowered to a baseband by filtering so as to
restore actual signals.

[0085] Also, as illustrated in FIG. 13A, various noise in
addition to the fundamental components may be included
in the fundamental components extracted by the funda-
mental component extracting unit 142. Thus, the filtering
unit 143 may perform filtering by applying a filter, such
as an LPF, onto the fundamental components, thereby
obtaining fundamental signals from which noise is re-
moved, as illustrated in FIG. 13B.

[0086] The filtering unit 143 may perform filtering on
both the harmonic components and the fundamental
components and may perform filtering only on one of the
harmonic components and the fundamental components
if necessary. Also, a different filter, such as a quadrature
bandpass filter (QBP), may be applied, in addition to the
LPF, and a filter and a mixer may be used together. In
the embodiment of the ultrasonic diagnostic apparatus
100, the type of the filter is not limited.

[0087] FIG. 14is a view of an operation of synthesizing
a harmonic image and a fundamental image by using a
synthesization unit.

[0088] Asillustrated in FIG. 14, the synthesization unit
150 may generate a synthesized image I by synthesizing
a harmonic image Il and afundamental image | accord-
ing to an appropriate synthesization ratio. To this end,
the harmonic image I and the fundamental image I
need to be generated. The image processing unit 160
may generate a fundamental image and a harmonic im-
age by performing processing, such as compression,
spatial filtering, temporal filtering, or discrete singular
convolution (DSC), on the fundamental components and
the harmonic components. Also, the image processing
unit 160 may perform various filtering on the synthesized
image.

[0089] The synthesization unit 150 may generate the
synthesized image | by providing appropriate weighted
values to the harmonic image I, and the fundamental
image I and then synthesizing them. In this case, the
synthesization unit 150 may perform weighted value syn-
thesization in the entire region, or synthesization by pro-
viding different weighted values according to regions, or
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may perform weighted value synthesization only in a par-
ticular region.

[0090] For example, when a synthesization ratio of the
fundamental image Ig is 100% and a synthesization ratio
of the harmonic image | is 0%, the fundamental image
I is a synthesized image, and in an inverse case, the
harmonic image I, is the synthesized image. Also, when
the sythesization ratio of the fundamentalimage I is 40%
and the synthesization ratio of the harmonic image Iy is
60%, a synthesized image may be generated by applying
a corresponding synthesization ratio to each image.
[0091] When the synthesized image is generated, the
fundamental image and the harmonic image may be syn-
thesized, as described above, and after the fundamental
components and the harmonic components are synthe-
sized, the synthesized image may be generated by per-
forming image processing on a synthesized signal. That
is, an image itself may be synthesized to generate the
synthesized image, and image processing may be per-
formed on a synthesized frequency after frequency com-
ponents are synthesized.

[0092] Referring back to FIG. 1, when the image itself
is synthesized, i.e., when the fundamental image and the
harmonic image are synthesized, the fundamental com-
ponents and the harmonic components that correspond
to an output of the signal processing unit 140 according
to a flow @ are first input to the image processing unit
160, are converted into a fundamental image and a har-
monic image, and then are input to the synthesization
unit 150. The synthesization unit 150 may generate a
synthesized image by synthesizing two images accord-
ing to an appropriate synthesization ratio, as described
above.

[0093] When the frequency components are synthe-
sized, i.e., when the fundamental components and the
harmonic components are synthesized, the fundamental
components and the harmonic components correspond-
ing to an output of the signal processing unit 140 may be
input to the synthesization unit 150 according to a flow
@® and may be synthesized according to the appropriate
synthesization ratio. Synthesized signals may be input
to the image processing unit 160, and the image process-
ing unit 160 may generate the synthesized image by per-
forming image processing on the synthesized signals.
The synthesized image refers to an ultrasonic image re-
garding the synthesized signals.

[0094] In accordance with an embodiment of the ultra-
sonic diagnostic apparatus 100, a synthesized image in
which fundamental components and harmonic compo-
nents are included, is generated and is used in imaging
without attenuating the fundamental components so that
an ultrasonic image having frequency characteristics of
a broad band may be obtained.

[0095] A synthesization ratio of the fundamental com-
ponents and the harmonic components may be set by
the synthesization unit 150 or input from a user.

[0096] When the synthesization unit 150 sets the syn-
thesization ratio, the synthesization unit 150 may set the
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synthesization ratio according to characteristics of the
extracted fundamental components and harmonic com-
ponents, according to the object or a diagnostic purpose
or in consideration of both of them, or according to a
previously-designed algorithm. An embodiment of a case
where the synthesization ratio is input from the user, will
be described later.

[0097] When an operation of separating fundamental
components and harmonic components from reception
beams or an operation of synthesizing two components
may be performed continuously with reception of re-
ceived signal, but extraction or synthesization of two
components may also be performed with a time differ-
ence after the reception beams have been previously
obtained.

[0098] FIG. 15 is a control block diagram of the ultra-
sonic diagnostic apparatus further including a storing
unit.

[0099] The ultrasonic diagnostic apparatus 100 in ac-
cordance with an embodiment of the present invention
may further include a storing unit 190 that stores recep-
tion beams or extracted fundamental components or har-
monic components.

[0100] When extraction of the fundamental compo-
nents and the harmonic components is performed after
the reception beams are obtained, the reception beams
stored in the storing unit 190 may be called, and the signal
processing unit 140 may extract the fundamental com-
ponents and the harmonic components from the stored
reception beam.

[0101] Alternatively, when synthesization is performed
on the fundamental components and the harmonic com-
ponents that have been previously separated from each
other, the fundamental components and the harmonic
components stored in the storing unit 190 may be called,
and the synthesization unit 150 may synthesize two com-
ponents according to an appropriate synthesization ratio.
[0102] The storing unit 190 may be implemented with
anon-volatile memory device, such as read only memory
(ROM), programmable read only memory (PROM), eras-
able programmable read only memory (EPROM), or flash
memory, a volatile memory device, such as random ac-
cess memory (RAM), or a storing device, such as a hard
disk or an optical disc. However, embodiments of the
present invention are not limited thereto, and the storing
unit 190 may also be implemented with an arbitrary dif-
ferent shape known to one of ordinarily skill in the art.
[0103] FIGS. 16 and 17 are views of an exterior of the
ultrasonic diagnostic apparatus in accordance with an
embodiment of the present invention.

[0104] When the synthesization ratio is input from the
user, as illustrated in FIGS. 16 and 17, the user’s selec-
tion may be input to the input unit 170 disposed in the
ultrasonic diagnostic apparatus 100. Hereinafter, an op-
eration in which the synthesization ratio is selected by
the input unit 170, will be described with reference to
FIGS. 16 and 17 together with the exterior of the ultra-
sonic diagnostic apparatus 100.
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[0105] Referring to FIGS. 16 and 17, the ultrasonic di-
agnostic apparatus 100 may include a probe 10 connect-
ed to a main body 2 through a cable 11. An end of one
side of the cable 11 may be connected to the probe 10,
and a connector 12 may be disposed on an end of the
other side of the cable 11 so as to be coupled to or sep-
arated from a slot 7 of the main body 2. Control instruc-
tions or data may be exchanged between the main body
2 and the probe 10 by using the cable 11.

[0106] Alternatively, when the probe 10 is implement-
ed with a wireless probe, the probe 10 and the main body
2 may be connected to each other via a wireless network
(not via the cable 11).

[0107] The transducer module 110 may be included in
the probe 10. Also, according to an implementation ex-
ample of the ultrasonic diagnostic apparatus 100, a part
or the whole of elements of the transmission beam gen-
erating unit 120 may be included in the probe 10, and a
part or the whole of elements of the reception beam gen-
erating unit 130 may also be included in the probe 10.
[0108] The input unit 170 to which the user’s control
instructions are input, and the display unit 180 that dis-
plays a screen required to receive the control instructions
of the ultrasonic diagnostic apparatus 100 from the user,
may be disposed in the main body 2.

[0109] The input unit 170 may be implemented with at
least one of various input devices, such as a jog shuttle,
a track ball, a button, and a mouse and may also be
implemented with a touch panel.

[0110] The display unit 180 may be implemented with
at least one among various display devices, such as a
liquid crystal display (LCD), a light emission diode (LED),
a plasma display panel (PDP), and an organic light emis-
sion diode (OLED).

[0111] The user may input a synthezation ratio of fun-
damental components and synthesization components
by manipulating the input unit 170. In this case, as illus-
trated in FIG. 16, the display unit 180 may display a fun-
damental image including the fundamental components
and a harmonic image including the harmonic compo-
nents, and the user may select the synthesization ratio
by referring to the displayed fundamental image and har-
monic image. In this case, the user may select synthesi-
zation ratios with respect to a lateral direction, an axial
direction, and an elevational direction, respectively, and
the input unit 170 may be separately disposed in each
of the directions.

[0112] Also, a synthesized image synthesized accord-
ing to the synthesization ratio selected by the user may
be together displayed in one region of the display unit
180 so that the user’s selection may be assisted. Before
the user determines the synthesization ratios, the dis-
played synthesized image may be changed according to
the synthesization ratio that changes when the user ma-
nipulates the input unit 170.

[0113] Alternatively, as illustrated in FIG. 17, the dis-
play unit 180 may not display the fundamental image and
the harmonic image but only the synthesized image so
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that the user’s selection may be assisted.

[0114] Also, although not shown, the display unit 180
may visualize the synthesization ratio of two components
quantitatively. For example, the synthesization ratio cor-
responding to the user’s current manipulation may be
displayed by numbers or graphs, orin a bar shape. When
the input unit 170 is implemented with track balls or a jog
shuttle, the user may check the selected synthesization
ratio while manipulating the input unit 170 by using infor-
mation displayed on the display unit 180.

[0115] Hereinafter,an embodiment of a method of con-
trolling the ultrasonic diagnostic apparatus 100 will be
described. When the method of controlling the ultrasonic
diagnostic apparatus 100 is performed, the ultrasonic di-
agnostic apparatus 100 according to the above-de-
scribed embodiment may be used. Thus, a description
of the above-described embodiment of the ultrasonic di-
agnostic apparatus 100 may also be applied to the meth-
od of controlling the ultrasonic diagnostic apparatus 100.
[0116] FIG. 18 is a flowchart of a method of controlling
the ultrasonic diagnostic apparatus, in accordance with
an embodiment of the present invention.

[0117] Referring to FIG. 18, ultrasonic beams are
transmitted and received (310).

[0118] A synthetic aperture beamforming method,
whereby bidirectional dynamic focusing may be per-
formed, may be employed to transmit and receive the
ultrasonic beams. As illustrated in FIG. 4 described
above, the transmission beam generating unit 120 may
generate transmission beams in all transmission scan
lines by setting the transmission beams in which the sum
of waveforms is 0, to one set. When the transmission
beams are radiated by the transducer module 110, the
reception beam generating unit 130 may generate recep-
tion beams in positions of at least two reception scan
lines offset by transmission scan lines. When transmis-
sionand reception of the ultrasonic beams are repeatedly
performed in the same manner, reception beams with
respect to the transmission beams having different po-
larities are generated in the same reception scan line
position.

[0119] Fundamental components and harmonic com-
ponents are extracted from the reception beams (311).
[0120] As described above, the reception beams with
respect to the transmission beams having different po-
larities are generated in the same reception scan line
position by transmission and reception of the ultrasonic
beams. As illustrated in FIG. 7 described above, the sig-
nal processing unit 140 may extract the harmonic com-
ponents obtained by removing the fundamental compo-
nents from the reception beams, by summing up the re-
ception beams in the same reception scan line position.
Also, the fundamental components obtained by removing
the harmonic components from the reception beams,
may be extracted by subtracting the reception beams in
the same reception scan line position.

[0121] Afundamentalimage includingthe fundamental
components and a harmonic image including the har-
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monic components are generated by performing image
processing (312).

[0122] The image processing unit 160 may generate
the fundamental image and the harmonic image by per-
forming processing such as compression, spatial filter-
ing, temporal filtering, or DSC, on the fundamental com-
ponents and the harmonic components.

[0123] A synthesization ratio of the fundamental com-
ponents and the harmonic components is selected (313).
[0124] Selection ofthe synthesization ratio may be per-
formed by the synthesization unit 150 or by a user’s input.
When the synthesization ratio is selected by the user’s
input, the fundamental image and the harmonic image
may be displayed on the display unit 180 so thatthe user’s
selection may be assisted, as illustrated in FIG. 16 de-
scribed above.

[0125] The synthesization ratio may be selected in the
entire region or a partial region of the image or may be
differently selected according to regions. For example,
the synthesization ratio may be selected with respect to
at least one of the lateral direction, the axial direction,
and the elevational direction, for example.

[0126] The fundamental image and the harmonic im-
age are synthesized according to the selected synthesi-
zation ratio (314).

[0127] The synthesization unit 150 may synthesize the
fundamental image and the harmonic image according
to the synthesization ratio selected by the user or the
synthesization unit 150. For example, when a synthesi-
zation ratio of the fundamental image I is selected as
100% and a synthesization ratio of the harmonic image
I is selected as 0%, the fundamental image I¢ is a syn-
thesized image, and in an inverse case, the harmonic
image |y is the synthesized image. Also, when the syn-
thesization ratio of the fundamental image I is selected
as 40% and the synthesization ratio of the harmonic im-
age Iy is selected as 60%, the synthesized image may
be generated by applying the synthesization ratio to each
image.

[0128] The synthesized image may be displayed on
the display unit 180, as illustrated in FIG. 16 or 17 de-
scribed above, so that the result of synthesization may
be informed to the user. The user may select a synthe-
sization ratio again by watching a displayed result, and
the synthesization unit 150 may synthesize two images
according to a synthesization ratio that changes before
the synthesization ratio is finalized and may display the
synthesized image by using the display unit 180 in real
time.

[0129] FIG. 19is a flowchart of a method of controlling
the ultrasonic diagnostic apparatus, in accordance with
another embodiment of the present invention.

[0130] Referring to FIG. 19, in the present embodi-
ment, transmission and reception of ultrasonic beams
(320) and extraction of fundamental components and
harmonic components from reception beams (321) are
performed. These operations are as described in the em-
bodiment of FIG. 18 and thus, a detailed description
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thereof will be omitted.

[0131] A synthesization ratio of the fundamental com-
ponents and the harmonic components is selected (322),
and the fundamental components and the harmonic com-
ponents are synthesized according to a selected synthe-
sization ratio (323).

[0132] Selection of the synthesization ratio of the fun-
damental components and the harmonic components
may be performed by the synthesization unit 150, like in
the above-described embodiment, or by the user. When
the synthesization ratio of the fundamental components
and the harmonic components is selected by the user,
asillustrated in FIG. 16 described above, a fundamental
image and a harmonic image may be displayed on the
display unit 180 so that the user’s selection may be as-
sisted.

[0133] However, in the above-described embodiment,
an object to be synthesized according to the selected
synthesization ratio is the fundamental image and the
harmonic image. However, in the present embodiment,
the image is not synthesized but the fundamental com-
ponents and the harmonic components are synthesized.
That is, frequency components themselves are first syn-
thesized.

[0134] Then, a synthesized image including the syn-
thesized frequency components is generated (324).
[0135] The synthesized image may be displayed on
the display unit 180. Like in the above-described embod-
iment, the user may check the displayed synthesized im-
age and may select a synthesization ratio again orfinalize
the synthesization ratio.

[0136] In the above-described embodiments of FIGS.
18 and 19, transmission/reception of the ultrasonic
beams is performed. However, extraction of the funda-
mental components and the harmonic components (311,
321) and generation of the synthesized image (314, 324)
may be performed by using the reception beams that
have been previously obtained and stored in the storing
unit 190.

[0137] Alternatively, operations from generation of the
fundamentalimage and the harmonicimage (312) togen-
eration of the synthesized image (314) may be performed
by using the fundamental components and the harmonic
components that have been previously extracted and
stored in the storing unit 190, or operations from selection
of the synthesization ratio (322) to generation of the syn-
thesized image (324) may also be performed.

[0138] According to the ultrasonic diagnostic appara-
tus and the method of controlling the same described
above, both the harmonic image and the fundamental
image may be obtained by performing one scanning with-
out changing an image mode or without performing new
scanning, and the harmonic image and the fundamental
image are synthesized so that the ultrasonic image hav-
ing both advantages of two images may be provided to
the user.

[0139] In addition, the harmonic image and the funda-
mental image are displayed and the user selects the syn-
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thesization ratio of the harmonic components and the
fundamental components so that the synthesized image
having the user’s desired characteristics may be gener-
ated.

[0140] As described above, in accordance with em-
bodiments of the present invention, an image caused by
fundamental components of ultrasonic echo signals is
generated and is synthesized with an image caused by
harmonic components so that an image having both ad-
vantages of the images can be generated.

[0141] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims
1. An ultrasonic diagnostic apparatus comprising:

a transmission beam generating unit that gen-
erates a plurality of sets of transmission beams
by setting transmission beams which are trans-
mitted in different transmission scan line posi-
tions and in which the sum of waveforms is O,
to one set;

areception beam generating unitthatgenerates
reception beams with respect to at least one re-
ception scan line in consideration of transmis-
sion delay of the transmission beams in each of
the transmission scan lines;

a signal processing unit that extracts fundamen-
tal components and harmonic components from
the reception beams, respectively;

a synthesization unitthat generates synthesized
signals by synthesizing the fundamental com-
ponents and the harmonic components accord-
ing to a set synthesization ratio; and

a display unit that displays a synthesized image
comprising the synthesized signals.

2. The ultrasonic diagnostic apparatus of claim 1, fur-
ther comprising an input unit to which selection of
the synthesization ratio is input from a user.

3. The ultrasonic diagnostic apparatus of claim 1,
wherein the signal processing unit extracts the har-
monic components by coupling the reception beams
with respect to the same reception scan line.

4. The ultrasonic diagnostic apparatus of claim 1,
wherein the signal processing unit extracts the fun-
damental components by subtracting at least two re-
ception beams among the reception beams with re-
spect to the same reception scan line.



21 EP 3 017 767 A1 22

5. The ultrasonic diagnostic apparatus of claim 1,
wherein the signal processing unit performs filtering
on the extracted fundamental components and har-
monic components.

6. The ultrasonic diagnostic apparatus of claim 1, fur-
ther comprising an image processing unit that gen-
erates a fundamental image comprising the funda-
mental components, a harmonic image comprising
the harmonic components, and a synthesized image
comprising the synthesized signals.

7. The ultrasonic diagnostic apparatus of claim 6,
wherein the display unit further displays the funda-
mental image and the harmonic image.

8. The ultrasonic diagnostic apparatus of claim 7,
wherein the display unit displays a synthesized im-
age according to a synthesization ratio that changes
when the synthesization ratio changes, in real time.

9. The ultrasonic diagnostic apparatus of claim 1, fur-
ther comprising a storing unit that stores the recep-
tion beams or the fundamental components and the
harmonic components extracted from the reception
beams.

10. An ultrasonic diagnostic apparatus comprising:

a transmission beam generating unit that gen-
erates a plurality of sets of transmission beams
by setting transmission beams which are trans-
mitted in different transmission scan line posi-
tions and in which the sum of waveforms is O,
to one set;

areception beam generating unit that generates
reception beams with respect to at least one re-
ception scan line in consideration of transmis-
sion delay of the transmission beams in each of
the transmission scan lines;

a signal processing unit that extracts fundamen-
tal components and harmonic components from
the reception beams, respectively;

an image processing unit that generates a fun-
damental image comprising the fundamental
components and a harmonic image comprising
the harmonic components;

a synthesization unit that generates a synthe-
sized image by synthesizing the fundamental
image and the harmonic image according to a
set synthesization ratio; and

a display unit that displays the synthesized im-
age.

11. The ultrasonic diagnostic apparatus of claim 10, fur-
ther comprising an input unit to which selection of
the synthesization ratio is input from a user.

)]
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12.

13.

14.

15.

The ultrasonic diagnostic apparatus of claim 10,
wherein the display unit further displays the funda-
mental image and the harmonic image.

A method of controlling an ultrasonic diagnostic ap-
paratus, the method comprising:

radiating a plurality of sets of transmission
beams onto different transmission scan line po-
sitions by setting transmission beams in which
the sum of waveforms is 0, to one set;
generating reception beams with respect to at
least one reception scan line in consideration of
transmission delay of the transmission beams
in each of the transmission scan lines;
extracting fundamental components and har-
monic components from the reception beams,
respectively;

generating synthesized signals by synthesizing
the fundamental components and the harmonic
components according to a set synthesization
ratio; and

displaying a synthesized image comprising the
synthesized signals.

The method of claim 13, further comprising receiving
selection of the synthesization ratio from a user.

The method of claim 13, wherein the extracting of
the fundamental components and the harmonic
components from the reception beams, respectively,
comprises extracting the harmonic components by
coupling the reception beams with respect to the
same reception scan line, or

extracting the fundamental components by subtract-
ing at least two reception beams among the recep-
tion beams with respect to the same reception scan
line.
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 12
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FIG. 14
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FIG. 16
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FIG. 17
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FIG. 18
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