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ULTRASOUND IMAGING DEVICE AND
METHOD FOR CLUTTER FILTERING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0043154, filed on May 7, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field of the Invention

[0003] The present invention relates to an ultrasound imag-
ing device and a method for a clutter filtering.

[0004] 2. Description of the Related Art

[0005] An ultrasound imaging device may irradiate ultra-
sonic waves onto a human body and measure a Doppler shift
frequency of the ultrasonic waves reflected from a blood-
stream and thereby, detect a distribution of the bloodstream in
real time to display the distribution.

[0006] Even when the irradiated ultrasonic waves are
focused and concentrated on the bloodstream, a portion of the
ultrasonic waves may be propagated in an undesired direction
and thus, in addition to a reflected signal from the blood-
stream, an undesired signal different from the reflected signal
from the bloodstream may return mixed with the reflected
signal from the bloodstream. In this instance, generally, the
reflected signal from the bloodstream is referred to as a Dop-
pler signal, and the undesired signal from other tissues is
referred to as a clutter signal.

[0007] In general, when the ultrasonic waves are focused
on a focal point, most energy may be transferred to a focal
point, and a portion of the ultrasonic waves may leak to the
outside of the focal point and thus, a significant portion of
return signals may be reflected from the desired focal point.
However, since a reflectivity of the bloodstream may be sig-
nificantly lower than the reflectivity of a neighboring tissue,
thatis, a vessel wall, amuscle, and the like, a magnitude of the
clutter signal may mostly exceed the magnitude of the Dop-
pler signal from the bloodstream even though a minimal
amount of ultrasonic waves may leak out.

[0008] Accordingly, a number of clutter filtering schemes
may effectively eliminate the clutter signal in the existing
ultrasonic system when configuring a color Doppler mode.
[0009] As the clutter filtering schemes, a scheme of using
an infinite impulse response (IIR) type high pass filter in
which a cutoff characteristic is predetermined, an adaptive
filtering scheme of selecting an optimum cutoff according to
a signal characteristic of each pixel, a scheme of eliminating
the clutter signal by decomposing a component of ensemble
data for each pixel, and the like may be given.

[0010] However, in the above schemes, a variance, a mean
frequency, a power of a signal before being applied with the
clutter filtering, or a variance, a mean frequency, a power of a
decomposed signal may mostly be used.

[0011] Accordingly, an ultrasound imaging device and
method of determining a skewness with respect to an in-
phase/quadrature-phase (1/Q) signal in a frequency domain,
and configuring a decision logic of a clutter filter using the
skewness, is desired.

SUMMARY

[0012] An aspectof the present invention provides an ultra-
sound imaging device and a method of computing a skewness
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of an in-phase/quadrature-phase (I/Q) signal to adaptively
perform a clutter filtering according to the computed skew-
ness.

[0013] Another aspect of the present invention also pro-
vides an ultrasound imaging device and a method of deter-
mining whether a Doppler component is dominant or the
clutter component is dominant in an I/Q signal based on a
skewness of the I/Q signal to perform a clutter filtering.

[0014] Still another aspect of the present invention also
provides an ultrasound imaging device and a method of
selecting a submatrix in which a Doppler component is domi-
nant, among a plurality of submatrices generated by singular
value decomposing an I/Q signal, using a skewness of each of
the plurality of submatrices, to form a color flow image of an
ultrasonic image.

[0015] According to an aspect of the present invention,
there is provided an ultrasound imaging device, including a
signal converter to emit an ultrasonic signal to an object and
receive the ultrasonic signal reflected from the object, and to
convert the received ultrasonic signal into an in-phase/
quadrature-phase (I/Q) signal corresponding to each pixel of
an image in an ultrasonic image, and a control unit to convert
the I/Q signal into a frequency domain to compute a skew-
ness, and to apply a clutter filtering to the I/Q) signal according
to the computed skewness.

[0016] According to another aspect of the present inven-
tion, there is provided an ultrasound imaging system, includ-
ing a signal converter to emit an ultrasonic signal to an object
and receive the ultrasonic signal reflected from the object, and
to convert the received ultrasonic signal into an I/Q signal
corresponding to each pixel of an image in an ultrasonic
image, and a control unit to perform a singular value decom-
position with respect to the I/Q signal to generate a plurality
of submatrices, and to form a color flow image of the ultra-
sonic image using a submatrix in which a Doppler component
is dominant, among the plurality of submatrices.

[0017] According to still another aspect of the present
invention, there is provided an ultrasonic image processing
method, including emitting an ultrasonic signal to an object,
and converting the ultrasonic signal reflected from the object
into an I/Q signal, converting the I/Q signal into a frequency
domain to compute a skewness, determining whether a clutter
component is dominant in the I/Q signal based on the com-
puted skewness, and applying the clutter filtering to the I/Q
signal when the clutter component is determined to be domi-
nant.

[0018] According to yet another aspect of the present
invention, there is provided an ultrasonic image processing
method, including emitting an ultrasonic signal to an object,
and converting the ultrasonic signal reflected from the object
into an I/Q signal, performing a singular value decomposition
with respect to the 1/Q signal to generate a plurality of sub-
matrices, converting each of the plurality of submatrices into
a frequency domain to compute a skewness of each of the
plurality of submatrices, selecting the submatrix in which a
Doppler component is dominant, among the plurality of sub-
matrices based on the computed skewness, and forming a
color flow image of the ultrasonic image using the selected
submatrix in which the Doppler component is dominant.

[0019] According to the invention, by filtering a clutter
signal according to a skewness of an I/Q signal of an ultra-
sonic signal reflected from an object, an ultrasonic image may
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be displayed on a screen using a signal in which a clutter
component is filtered, or submatrices in which a Doppler
component is dominant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Theseand/orotheraspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accomparying
drawings of which:

[0021] FIG.1isablock diagram illustrating a configuration
of an ultrasonic image device according to an embodiment of
the present invention;

[0022] FIG. 2 is a block illustrating a configuration of a
control unit illustrated in FIG. 1.

[0023] FIG.3 through FIG. 5 are graphs illustrating a skew-
ness used in an ultrasonic image device according to an
embodiment of the present invention;

[0024] FIG. 6isablock diagram illustrating a configuration
in another example of a control unit illustrated in FIG. 1,
[0025] FIG. 7 is a flowchart illustrating a method of pro-
cessing an ultrasonic image according to an embodiment of
the present invention;

[0026] FIG. 8 is a flowchart illustrating an operation of
performing a clutter filtering of FIG. 7,

[0027] FIG. 9 is a flowchart illustrating a method of pro-
cessing an ultrasonic image according to another embodi-
ment of the present invention; and

[0028] FIG. 10 is a flowchart illustrating an operation of
selecting submatrices of FI1G. 9.

DETAILED DESCRIPTION

[0029] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0030] FIG.11is adiagram illustrating a configuration of an
ultrasonic image device according to an embodiment of the
present invention.

[0031] ReferringtoFIG. 1, theultrasonic image device may
include a signal converter 100, a memory 110, a control unit
120, a user input unit 130, and a display unit 140.

[0032] The signal converter 100 may emit an ultrasonic
signal to an object and receive an ultrasonic signal reflected
from the object, that is, an ultrasound echo signal. Then, the
signal converter 100 may convert the received ultrasonic sig-
nal into an in-phase/quadrature-phase (1/Q) signal corre-
sponding to each pixel of an image in an ultrasonic image and
may output the I/Q signal. In this instance, in addition to a
Doppler component, a clutter component may be contained in
the I/Q signal.

[0033] The signal converter 100 may sequentially and
repeatedly perform a process of forming a transmission signal
based on an ensemble number, thereby generating a plurality
oftransmission signals. The signal converter 100 may convert
the generated transmission signal into an ultrasonic signal
and may transmit the converted ultrasonic signal to the object.
Then, when ultrasound echo signal reflected from the object
is received, the signal converter 100 may convert the ultra-
sound echo signal into a digital signal, and may convert the
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converted ultrasound echo signal into an 1/Q signal corre-
sponding to each pixel of the image in the ultrasonic image.
[0034] The memory 110 may store signals while perform-
ing procedures of an ultrasound imaging system. The
memory 110 may be implemented as at least one of a general
hard disk, random access memory (RAM), and read-only
memory (ROM).

[0035] The control unit 120 may convert the 1/Q signal
converted and outputted by the signal converter 100 into a
frequency domain to compute a skewness, and may apply a
clutter filtering to the I/Q signal according to the computed
skewness.

[0036] In this instance, the control unit 120 may filter the
1/Q signal using a conventional clutter filter. In this case, the
memory 110 may store a procedure of a plurality of clutter
filterings, and may further store an index and cutoff corre-
sponding to each of the plurality of clutter filterings.

[0037] As shown in FIG. 2, the control unit 120 may
include a frequency domain converter 121a, a skewness com-
puting unit 1215, a filtering processor 121¢, and an image
former 1214.

[0038] The frequency domain converter 121a may perform
a fast Fourier transform (FFT) with respect to the I/Q signal
outputted from the signal converter 100 to convert the fast
Fourier transformed 1/Q signal into a frequency domain. In
particular, the frequency domain converter 121a may perform
the FFT with respect to the I/Q signal associated with a
predetermined ensemble data in the I/Q signal, and may out-
put the I/Q signal in the frequency domain.

[0039] The skewness computing unit 1215 may compute a
skewness based on the 1/Q signal converted into the frequency
domain. In this instance, the skewness may be computed
using at least one of a mean frequency, a variance, a normal-
ized pulse recurrence frequency (Norm. PRF), and an FFT
order of the I/Q signal calculated using an autocorrelation of
the I/Q signal.

[0040] Inparticular, the skewness may be computed by the
following Equation 1.

FFT order [Equation 1]
)
Skewness = FFT order 1 FFT order 5 x
o
FFT order
,,,,, order_
[(X[ﬂ) —M\ﬁ
o)
=0
[0041] Here, i may be defined as
. FFT order FFT order
= 0, 1, ey -4 -
2 2

and x[i] may be defined as

1

=— Xl
A FFT order :

[0042] FFET order indicates the fast Fourier transform order,
Norm. PRF indicates the normalized pulse recurrence fre-
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quency, i indicates an index value of x buffer data, and x
indicates a value of anx-axis (frequency domain) of a discrete
Fourier transform (DFT). pindicates the mean frequency, and

o indicates a standard deviation ('V variance).

[0043] The skewness may be described through graphs
illustrated in FIG. 3 through FIG. 5.

[0044] Referring to FIG. 3, I/Q signals A and B converted
into a frequency domain are illustrated.

[0045] 1In acase of signal A, a curve may lean to the right
side since the Doppler component is dominant. In this case,
the skewness is computed as a negative skew. In a case of
signal B, the curve may lean to the left side since the clutter
component is dominant. In this case, the skewness is com-
puted as a positive skew.

[0046] Referring to FIG. 4, curve C is illustrated in a fre-
quency domain of the I/Q signal corresponding to signal A. In
this case, the skewness computing unit 1215 may compute the
mean frequency as 0.0177, and the variance as 0.3968, using
the autocorrelation. The skewness computing unit 1215 may
compute the skewness as 0.4158 using the computed mean
frequency and the variance, and Equation 1.

[0047] In this instance, since the computed skewness
0.4158 corresponds to a positive value, the clutter component
may be determined to be dominant in the I/Q signal, and curve
C may be determined to lean to the right side.

[0048] Referring to FIG. 5, curve D is illustrated in the
frequency domain of the I/Q signal corresponding to signal B.
In this case, the skewness computing unit 1215 may compute
the mean frequency as 0.3364, and the variance as 0.4730,
using the autocorrelation. The skewness computing unit 1214
may compute the skewness as —0.0278 using the computed
mean frequency and the variance, and Equation 1.

[0049] In this instance, since the computed skewness, that
is -0.0278, is a negative value, the Doppler component may
be determined to be dominant in the 1/Q signal, and curve D
may be determined to lean to the left side.

[0050] Thefiltering processor 121¢ may determine whether
the clutter component is dominant in the 1/Q signal based on
the skewness computed by the skewness computing unit
1215, and may apply the clutter filtering when the clutter
component is determined to be dominant.

[0051] Inthisinstance, the filtering processor 121c may use
the computed skewness to recognize that the clutter compo-
nent is dominant in the I/Q signal when the skewness is a
positive number or equal to or greater than a predetermined
threshold value. In contrast, when the skewness is a negative
number or equal to or less than the predetermined threshold
value, the filtering processor 121¢ may recognize that the
clutter component is not dominant and the Doppler compo-
nent is dominant.

[0052] When the filtering processor 121¢ determines that
the clutter component is dominant in the I/Q signal, the fil-
tering processor 121¢ may apply, to the I/Q signal, the clutter
filtering of a predetermined index or a predetermined cutoff.
[0053] Thereafter, the frequency domain converter 121q
may perform a FFT of (*“transform”/“fast Fourier trans-
form™?¥) the filtered I/Q signal into the frequency domain,
and the skewness computing unit 1215 may compute the
skewness again based on data in which the filtered I/Q signal
is fast Fourier transformed into the frequency domain. The
filtering processor 121¢ may determine whether the clutter
component is dominant in the transformed data based on the
recomputed (*again computed skewness, and may apply the
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clutter filtering of the subsequent index to the I/Q) signal when
the clutter component is dominant.

[0054] When the clutter component is determined not to be
dominant in the I/Q signal, the filtering processor 121¢ may
apply, to the filtered 1/Q signal or to the unfiltered I/Q signal,
the clutter filtering corresponding to the lowest cutoff among
a plurality of cutter filterings stored in the memory 110.
[0055] Thefiltering processor 121¢ may determine whether
the cutter component is dominant in the I/Q signal based on
the skewness, and may read out the clutter filtering having a
higher cutoff as the clutter component becomes more domi-
nant, and apply the read clutter filtering to the I/Q signal.
[0056] The image former 1214 may form a color flow
image of an ultrasonic image using the 1/Q signal finally
filtered by the filtering processor 121¢, and may transfer the
formed color flow image to the display unit 140.

[0057] The control unit 120 may filter the clutter compo-
nent in the 1/Q signal using a Hankel singular value decom-
position (Hankel SVD).

[0058] In this case, the control unit 120 may perform a
singular value decomposition with respect to the I/Q signal
converted by the signal converter 100 of FIG. 1, and may form
the color flow image of the ultrasonic image using submatri-
ces in which the Doppler component is dominant, among the
plurality of submatrices.

[0059] As illustrated in FIG. 6, the control unit 120 may
include a singular value decomposition processor 122a, a
skewness processor 1225, a matrix selector 122¢, and an
image former 1224.

[0060] The singular value decomposition processor 122a
may perform a singular value decomposition with respect to
the 1/QQ signal converted by the signal converter 100 to gen-
erate a plurality of submatrices.

[0061] The skewness processor 1225 may perform an FFT
of each of the plurality of submatrices, and may compute the
skewness corresponding to each of the plurality of submatri-
ces using each of converted data.

[0062] The matrix selector 122¢ may determine whether
the Doppler component is dominant in each ofthe plurality of
submatrices, based on the skewness computed by the skew-
ness processor 1225, and may select submatrices in which the
Doppler component is determined to be dominant.

[0063] In this instance, the matrix selector 122¢ may rec-
ognize that the Doppler component is dominant in a case
where the skewness is a negative number or less than a pre-
determined threshold value.

[0064] The image former 1224 may form a color flow
image of an ultrasonic image using a submatrix selected by
the matrix selector 122¢, and may transfer the formed color
flow image to the display unit 140.

[0065] As aresult, since the submatrices in which the clut-
ter component is dominant are not selected by the matrix
selector 122¢, the color flow image of the ultrasonic image
may be formed by submatrices in which the clutter compo-
nent is not dominant, that is, submatrices in which the Dop-
pler component is dominant.

[0066] The user input unit 130 may provide an interface
receiving input information of a user. In the present exem-
plary embodiment, the interface may enable the user to select
a size and location information of a region of interest, that is,
a color box set in a B mode (brightness mode) region of the
object. The user input unit 130 may include a control panel, a
mouse, a keyboard, and the like.
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[0067] The display unit 140 may display the color flow
image formed by the control unit 120 on a screen for the user.
[0068] FIG. 7 is a flowchart illustrating a method of pro-
cessing an ultrasonic image according to an embodiment of
the present invention.

[0069] Referring to FIG. 7, in operation 700, an ultrasonic
signal may be emitted to an object, and the ultrasonic signal
reflected from the object may be converted into an I/Q signal.
Inoperation 700, an FFT is performed with respect to the I/Q
signal associated with a predetermined ensemble data in the
converted [/Q signal to transform the converted I/Q signal
into an I/Q signal in a frequency domain.

[0070] In operation 710, a skewness is computed from the
1/Q signal transformed in operation 700. In operation 710, a
mean frequency, a variance, a normalized pulse recurrence
frequency (Norm. PRF), and an FFT order of the I/Q signal
may be calculated from the converted 1/Q signal, and the
skewness may be computed using each of the calculated
values.

[0071] In operation 720, the clutter filtering may be per-
formed with respect to the I/Q signal according to whether the
clutter component is dominant in the I/Q signal based on the
skewness computed in operation 710.

[0072] In this instance, operation 720 may include several
operations illustrated in FIG. 8.

[0073] FIG. 8 corresponds to a case where a device, per-
forming a method of processing an ultrasonic image accord-
ing to an embodiment of the present invention, stores, in the
memory 110, a plurality of clutter filterings and indexes and
cutoff values of the plurality of clutter filterings. The device
may be implemented by recognizing whether the clutter com-
ponent is dominant based on whether the skewness of the 1/Q
signal is equal to or greater than a predetermined threshold
value.

[0074] Referring to FIG. 8, whether the skewness com-
puted in operation 710 is equal to or greater than the threshold
value may be determined in operation 721.

[0075] When the skewness is determined to be equal to or
greater than the threshold value in operation 721, a clutter
filtering having the lowest cutoff value, among the plurality of
clutter filterings, may be performed with respect to the 1/Q
signal.

[0076] In contrast, when the skewness is determined to be
equal to or less than the threshold value in operation 721, a
clutter filtering having a predetermined index, among the
plurality of clutter filterings, may be performed with respect
to the 1/Q signal.

[0077] Inoperation 724, the I/Q signal filtered in operation
723 may be transformed in a frequency domain through a
FFT.

[0078] In operation 725, the skewness may be computed
using the I/Q signal transformed in operation 724.

[0079] Inoperation 726, whether the skewness computed in
operation 725 is equal to or greater than the threshold value
may be determined. As a result of the determination, in a case
where the skewness is equal to or greater than the threshold
value, the clutter filtering of the subsequent index may be
performed with respect to the filtered I/Q signal in operation
727.

[0080] As a result, the clutter filtering may be repeatedly
performed in operation 721 through operation 725, until the
skewness of the 1/Q signal transformed in operation 700
becomes equal to or less than the threshold value.
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[0081] Inoperation 730, a color flow image of an ultrasonic
image may be formed using the I/Q signal finally filtered in
operation 720, and the formed color flow image may be
displayed.

[0082] The color flow image displayed in operation 730
may be formed by signals in which the clutter filtering is
repeatedly performed until the skewness of the I/Q signal
becomes equal to or greater than the threshold value and
thereby provides a more accurate ultrasonic image to a user.
[0083] FIG. 9 is a flowchart illustrating a method of pro-
cessing an ultrasonic image according to another embodi-
ment of the present invention. In this case, the method of
processing the ultrasonic image may filter a clutter compo-
nent in the I/Q signal using a Hankel singular value decom-
position (Hankel SVD).

[0084] Referring to FIG. 9, in operation 900, an ultrasonic
signal may be emitted to an object, and the ultrasonic signal
reflected from the object may be converted into an 1/Q signal.
In operation 900, the converted I/Q signal may be singular
value decomposed.

[0085] Inoperation 910, a plurality of submatrices may be
generated from the singular value decomposed I/Q signals.
[0086] In operation 920, submatrices in which a Doppler
component is dominant may be selected based on a skewness
of each of the plurality of submatrices generated in operation
910.

[0087] Operation 920 may include several operations
described with reference to FIG. 10.

[0088] Referring to FIG. 10, in operation 921, each of the
plurality of submatrices may be transformed into a frequency
domain through a FFT.

[0089] Inoperation 922, a skewness may be computed from
each of the plurality of submatrices transformed in operation
921.

[0090] Inoperation 923, whether the skewness computedin
operation 922 is equal to or less than a threshold value may be
determined.

[0091] As adetermination result of operation 923, in a case
where the skewness is determined to be equal to or less than
the threshold value, a submatrix having the skewness equal to
or less than the threshold value may be considered as a sub-
matrix in which the Doppler component is dominant and
select the submatrix in operation 924.

[0092] Inoperation 925, whether the plurality of submatri-
ces are all processed in operation 923 may be determined.
When not all of the plurality of submatrices are processed,
whether the skewness of the subsequent matrix is equal to or
less than the threshold value may be determined in operation
923.

[0093] In a case where operation 922 does not compute
each skewness of the plurality of submatrices at one time, and
each skewness is individually computed, the skewness of the
subsequent submatrix may be computed in operation 922
when not all of the plurality of submatrices are determined to
be processed in operation 925.

[0094] As aresult, submatrices in which the Doppler com-
ponent is dominant, among the plurality of submatrices, may
be sorted and selected, using the skewness of the plurality of
submatrices, in operation 921 through operation 925.

[0095] Inoperation 930, a color flow image of an ultrasonic
image may be formed using the submatrices selected in
operation 920, and the formed color flow image may be
displayed.
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[0096] The color flow image displayed in operation 930
may be formed by submatrices in which the Doppler compo-
nent is dominant, that is, the clutter component is not domi-
nant, among the plurality of submatrices of the I/Q signal and
thus, more accurate ultrasonic image may be provided to a
user.

[0097] The above-described exemplary embodiments of
the present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media such as optical disks; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

[0098] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. An ultrasound imaging device, comprising:

a signal converter to emit an ultrasonic signal to an object
and receive the ultrasonic signal reflected from the
object, and to convert the received ultrasonic signal into
an in-phase/quadrature-phase (I/QQ) signal correspond-
ing to each pixel of an image in an ultrasonic image; and

a control unit to convert the 1/Q signal into a frequency
domain to compute a skewness, and to apply a clutter
filtering to the 1/Q signal according to the computed
skewness.

2. The ultrasound imaging device of claim 1, wherein the
control unit determines whether a clutter component is domi-
nant in the I/Q signal based on the skewness, and applies the
clutter filtering when the clutter component is determined to
be dominant.

3. The ultrasound imaging device of claim 1, wherein the
skewness is computed using at least one of a mean frequency,
a variance, a normalized pulse recurrence frequency, and a
fast Fourier transform (FFT) order of the I/Q signal.

4. The ultrasound imaging device of claim 1, further com-
prising:

amemory to store a plurality of clutter filterings and cutoffs
of each of the plurality of clutter filterings, wherein

the control unit determines a degree of dominance of a
clutter component in the I/Q signal based on the skew-
ness, and applies, to the I/Q signal, a clutter filtering
having a higher cutoff as the clutter component becomes
more dominant.
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5. The ultrasound imaging device of claim 1, further com-
prising:

a memory to store a plurality of clutter filterings and
sequential indexes of each of the plurality of clutter
filterings, wherein

the control unit applies, to a filtered I/Q signal, a clutter
filtering corresponding to a subsequent sequential index
among the plurality of clutter filterings according to the
skewness of the filtered I/Q signal, when the I/Q signal is
filtered by one of the plurality of clutter filterings.

6. An ultrasound imaging system, comprising:

a signal converter to emit an ultrasonic signal to an object
and receive the ultrasonic signal reflected from the
object, and to convert the received ultrasonic signal into
an in-phase/quadrature-phase (1/Q) signal correspond-
ing to each pixel of an image in an ultrasonic image; and

a control unit to perform a singular value decomposition
with respect to the I/Q signal to generate a plurality of
submatrices, and to form a color flow image of the ultra-
sonic image using a submatrix in which a Doppler com-
ponent is dominant, among the plurality of submatrices.

7. The ultrasound imaging system of claim 6, wherein the
control unit converts each of the plurality of submatrices into
a frequency domain to compute a skewness of each of the
plurality of submatrices, and selects the submatrix in which
the Doppler component is dominant, among each of the plu-
rality of submatrices based on the computed skewness.

8. The ultrasound imaging system of claim 6, wherein the
skewness is computed using at least one of a mean frequency,
a variance, a normalized pulse recurrence frequency, and a
fast Fourier transform (FFT) order of the 1/Q signal.

9. An ultrasonic image processing method, comprising:

emitting an ultrasonic signal to an object, and converting
the ultrasonic signal reflected from the object into an
in-phase/quadrature-phase (I/Q) signal;

converting the I/Q signal into a frequency domain to com-
pute a skewness;

determining whether a clutter component is dominant in
the 1/Q signal based on the computed skewness; and

applying the clutter filtering to the I/Q signal when the
clutter component is determined to be dominant.

10. The method of claim 9, wherein the skewness has a
value indicating whether a Doppler component is dominant or
the clutter component is dominant, based ona curved shape of
the frequency domain.

11. An ultrasonic image processing method, comprising:

emitting an ultrasonic signal to an object, and converting
the ultrasonic signal reflected from the object into an
in-phase/quadrature-phase (1/Q) signal;

performing a singular value decomposition with respect to
the 1/Q signal to generate a plurality of submatrices;

converting each of the plurality of submatrices into a fre-
quency domain to compute a skewness of each of the
plurality of submatrices;

selecting the submatrix in which a Doppler component is
dominant, among the plurality of submatrices based on
the computed skewness; and

forming a color flow image of the ultrasonic image using
the selected submatrix in which the Doppler component
is dominant.
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