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1
ADAPTIVE CLUTTER FILTERING IN AN
ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Korean Patent
Application No. 10-2010-0057426 filed on Jun. 17,2010, the
entire subject matter of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

The present disclosure generally relates to ultrasound
image processing, and more particularly to adaptive clutter
filtering in an ultrasound system.

BACKGROUND

An ultrasound system has been extensively used in the
medical field due to its non-invasive and non-destructive
nature. Modern high-performance ultrasound imaging diag-
nostic systems and techniques are commonly used to produce
two-dimensional or three-dimensional ultrasound images of
internal features of patients.

The ultrasound system transmits ultrasound signals to the
target objects, receives echo signals reflected from the target
objects and provides a color Doppler mode image of the target
object based on the echo signals. In the color Doppler mode
image, velocities of the target object (e.g., blood flow), which
flows toward an ultrasound probe, are indicated in a first color
(e.g., red), while velocities of the target object, which flows
away from an ultrasound probe, are indicated in a second
color (e.g., blue).

The signal received by the ultrasound probe is converted
into a digital signal at a front end. The digital signal is receive-
focused to thereby obtain a receive-focused signal. The band
of the receive-focused signal is modulated by a mixer and
then the receive-focused signal is appropriately decimated so
that In-phase/Quadrature (IQ) signal is obtained. This 1Q
signal is referred to as a baseband IQ signal. The IQ signal
may be expressed by the following equation.

Xpg=CH+F+N (1)

wherein X, represents an 1Q signal, C represents a clutter
signal generated from a tissue, F represents a blood flow
signal generated from blood flow, and N represents a noise
signal generated from the system and exterior.

Essential information from Equation (1) is information on
F, i.e., the blood flow signal. Color Doppler processing rep-
resents a process of extracting components on the blood flow
signal from the 1Q signal and processing the extracted com-
ponents into data for display on a screen. Clutter filtering is an
essential processing step in the color Doppler processing. The
clutter filtering is performed to remove a low-band clutter
signal from a Doppler signal to thereby extract only a blood
flow signal and a noise signal. The filtered Doppler signal
contains the blood flow signal and the noise, which are mixed
with each other. The noise may be removed through signal
processing. Then, the components on the blood flow signal
are displayed on a screen.

Generally, the clutter signal is distributed at a low fre-
quency band, whereas the blood flow signal is distributed at a
high frequency band. Thus, a high pass filter should be
designed to remove the clutter signal. However, the amplitude
of the clutter signal is higher than that of the blood flow signal
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by 40-60 dB. As such, it is not easy to extract only the blood
flow signal. Accordingly, a high performance of the high pass
filter is required.

Further, since an effective clutter filtering may be limited
due to a small ensemble number, various filtering techniques
have been developed. The clutter filter may be classified into
a finite impulse response (FIR), an infinite impulse response
(IIR) and a Regression. In case of the IIR filter, various
initializing techniques such as zero, step, exponential, pro-
jection, etc. have been developed to suppress the transient.
The Regression-type filter is classified into a polynomial
filter, a sinusoidal regression filter and the like.

Conventionally. a clutter filter is properly selected depend-
ing on the application of an ultrasound system and the clutter
filtering is performed with only the selected clutter filter. In
suchacase, i.e.,if'an identical clutter filter is applied to entire
regions within a region of interest, the quality of anultrasound
image may be degraded.

SUMMARY

Embodiments for adaptively performing clutter filtering in
an ultrasound system are disclosed herein. In one embodi-
ment, by way of non-limiting example, an ultrasound system
comprises: an ultrasound data acquisition unit configured to
transmit ultrasound signals to a target object and receive
ultrasound echoes reflected from the target object to thereby
acquire ultrasound data; and a processing unit configured to
form a Doppler signal corresponding to each of a plurality of
pixels constructing a Doppler mode image based on the ultra-
sound data, as well as to adjust coefficients of a clutter filter
based on characteristics of the Doppler signal for each of the
pixels for performing clutter filtering upon the Doppler sig-
nal.

In another embodiment, a method of adaptively perform-
ing clutter filtering, comprises: a) acquiring ultrasound data
indicative of a target object; and b) forming a Doppler signal
corresponding to each of a plurality of pixels constructing a
Doppler mode image based on the ultrasound data; and ¢)
adjusting coefficients of a clutter filter based on characteris-
tics ofthe Doppler signal for each of the pixels for performing
clutter filtering upon the Doppler signal.

In yet another embodiment, a computer-readable storage
medium storing instructions that, when executed by a com-
puter, cause the computer to provide a method of adaptively
performing clutter filtering upon in an ultrasound system is
provided, the method comprising: a) acquiring ultrasound
data indicative of a target object; and b) forming a Doppler
signal corresponding to each of a plurality of pixels construct-
ing a Doppler mode image based on the ultrasound data; and
¢) adjusting coefficients of a clutter filter based on character-
istics of the Doppler signal for each of the pixels for perform-
ing clutter filtering upon the Doppler signal.

The Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is itintended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system.

FIG. 2 is a block diagram showing an illustrative embodi-
ment of an ultrasound data acquisition unit.
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FIG. 3 is a block diagram showing an illustrative embodi-
ment of a processing unit.

FIG. 4 is a graph showing a relationship between stopband
attenuation and stopband width in a clutter filter.

FIG. 5 is a graph showing a relationship between a cutoff
frequency and stopband attenuation for setting coefficients of
a clutter filter.

DETAILED DESCRIPTION

A detailed description may be provided with reference to
the accompanying drawings. One of ordinary skill in the art
may realize that the following description is illustrative only
and is not in any way limiting. Other embodiments of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure. The term
“Doppler mode” described in the following embodiments
includes a color Doppler mode, a spectral Doppler mode and
the like.

Referring to FIG. 1, an ultrasound system constructed in
accordance with one embodiment is shown therein. The ultra-
sound system 100 includes a user input unit 110, an ultra-
sound data acquisition unit 120, a processing unit 130 and a
display unit 140.

The user input unit 110 receives a user request from a user.
In one embodiment, the user request includes a first user
request for setting a region of interest (ROI) on a brightness
mode (B-mode) image. Also, the user request further includes
a second user request for adjusting coefficients of a clutter
filter to filter out a clutter signal from a Doppler signal for
each of pixels constructing a Doppler mode image. The filter
coeflicients include a cutoff frequency, stopband attenuation
and the like.

The ultrasound data acquisition unit 120 is configured to
transmit ultrasound beams to a target object and receive ultra-
sound echoes reflected from the target object to thereby form
ultrasound data representative of the target object. An opera-
tion of the ultrasound acquisition unit 120 will be described in
detail by referring to FIG. 2.

FIG. 2 is a block diagram showing an illustrative embodi-
ment of the ultrasound data acquisition unit 120. Referring to
FIG. 2, the ultrasound data acquisition unit 120 may include
a transmit (Tx) signal forming section 122. The Tx signal
forming section 122 may generate a plurality of Tx signals
and apply delays to the Tx signals. The delays of the Tx
signals may be controlled according to an image mode such as
a brightness mode, a Doppler mode and the like, which may
be provided in the ultrasound system. In one embodiment, the
Tx signals include first Tx signals for the brightness mode and
second Tx signals for the Doppler mode.

The ultrasound data acquisition unit 120 may further
include an ultrasound probe 124, which is coupled to the Tx
signal forming section 122. The ultrasound probe 124 may
include an array transducer containing a plurality of trans-
ducer elements for reciprocal conversion between electric
signals and ultrasound signals. The ultrasound probe 124 may
be configured to transmit ultrasound signals in response to the
Tx signals. The ultrasound probe 124 may be further config-
ured to receive ultrasound echoes reflected from the target
object to thereby output receive signals. In one embodiment,
the receive signals may include first receive signals obtained
in response to the first Tx signals and second receive signals
obtained in response to the second Tx signals.

The ultrasound data acquisition unit 120 may further
include a beam forming section 126, which is coupled to the
ultrasound probe 124. The beam forming section 126 may be
configured to digitize the receive signals to obtain digital
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signals. The beam forming section 126 may apply delays to
the digital signals in consideration of distances between the
elements of the ultrasound probe 124 and focal points. There-
after, the beam forming section 126 may sum the delayed
digital signals to form receive-focused signals. In one
embodiment, the beam forming section 126 may form a first
receive-focused signal based on the first receive signals and a
second receive-focused signal based on the second receive
signals.

The ultrasound data acquisition unit 120 may further
include an ultrasound data forming section 128, which is
coupled to the beam forming section 126. The ultrasound data
forming section 128 may be configured to form ultrasound
data based on the receive-focused signals. In one embodi-
ment, the ultrasound data forming section 128 may be con-
figured to form first ultrasound data based on the first receive-
focused signal. The first ultrasound data may include radio
frequency data. However, the first ultrasound data may not be
limited thereto. The ultrasound data forming section 128 may
be configured to form second ultrasound data based on the
second receive-focused signal. The second ultrasound data
may include in-phase/quadrature data (i.e., ensemble data).
However, the second ultrasound data may not be limited
thereto.

Referring back to FIG. 1, the processing unit 130, which is
coupled to the user input unit 110 and the ultrasound data
acquisition unit 120, may be configured to form a Doppler
signal based on the second ultrasound data. The processing
unit 130 may be further configured to adaptively perform
clutter filtering upon the Doppler signal for each of pixels
constructing a Doppler mode image to filter out the clutter
signal from the Doppler signal. The processing unit 130 may
form a Doppler mode image based on the Doppler signal with
the clutter signal filtered out. Also, the processing unit 130
may be configured to form a B-mode image based on the first
ultrasound data.

FIG. 3 is a block diagram showing an illustrative embodi-
ment of a processing unit. Referring to FIG. 3, the processing
unit 130 includes a Doppler signal forming section 131, a
coefficient adjusting section 132, a filtering section 133, a
noise removing section 134 and an image forming section
135.

The Doppler signal forming section 131 is configured to
perform signal processing such as decimation, modulation
and the like, upon the second ultrasound data, which are
provided from the ultrasound data acquisition unit 120, to
thereby form a Doppler signal corresponding to a plurality of
pixels of a Doppler mode image. The Doppler signal includes
ablood flow signal caused by the blood flow, a clutter signal
caused by the motion of tissues such as cardiac wall, cardiac
valve and the like, and a noise signal.

The coefficient adjusting section 132 may be configured to
analyze the Doppler signal, which is provided from the Dop-
pler signal forming section 131, to adjust coefficients of a
clutter filter for clutter filtering upon the Doppler signal for
each pixel.

The blood flow signal is a signal necessary for forming the
Doppler mode image so that the clutter signal and the noise
signal have to be removed from the Doppler signal. Ampli-
tude has an order wherein clutter signal>blood flow
signal>the noise signal. To efficiently remove the clutter sig-
nal, stopband attenuation and stopband width, which are
coefficients of the clutter filter, should be appropriately deter-
mined. In one embodiment, the stopband attenuation and the
stopband width may be determined according to characteris-
tics of the clutter signal. The stopband width is determined by
abandwidth of the clutter signal and the stopband attenuation
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is determined by amplitude of the clutter signal. However, the
stopband attenuation and the stopband width have a trade off
in relation. That is, if the stopband attenuation is increased,
then the stopband width is decreased. However, if the stop-

band attenuation is decreased, then the stopband width is 5

increased.

FIG. 4 is a graph showing a relationship between the stop-
band attenuation and the stopband width in the clutter filter.
As shown in FIG. 4, two curved lines represent frequency
responses of different clutter filters having the same cutoff
frequency of 0.16 pulse repetition frequency (prf). A solid
line represents a frequency response of a clutter filter having
stopband attenuation of 80 dB and a stopband width 0f0.025
prf. Further, a dotted line represents a frequency response of
a clutter filter having stop band attenuation of 50 dB and a
stopband width of 0.055 prf.

Also, determining the cutoff frequency, which is another
filter coefficient, is an essential process in designing the clut-
ter filter. If the cutoff frequency is relatively low, then a blood
flow signal corresponding to a slow speed may be preserved
well. On the other hand, if the cutoff frequency is relatively
high, then a wider stopband width may be secured while the
blood flow signal corresponding to the slow speed is attenu-
ated. This is so that clutter filter performance for removing the
clutter signal may be improved. Thus, it is required to appro-
priately determine the cutoff frequency during the clutter
filtering process.

FIG. 5 is a graph showing a relationship between a cutoff
frequency and stopband attenuation for determining coeffi-
cients of the clutter filter. The stopband attenuation is an
independent variable and the cutoff frequency is a dependent
variable determined according to the stopband attenuation.
The coefficient adjusting section 132 is configured to deter-
mine the cutoff frequency and the stopband attenuation of the
clutter filter as the following process.

The coefficient adjusting section 132 is configured to deter-
mine an upper limit and a lower limit of a threshold of the
cutoff frequency in consideration of a range for removing the
clutter signal. In one embodiment, the coefficient adjusting
section 132 is configured to determine a maximum cutoff
frequency CF,, .. for maximally removing the clutter signal as
well as to determine a minimum cutoff frequency CF,,, for
minimally removing the clutter signal to show the blood flow
of a relative slow speed, which is desired to observe, in the
Doppler mode image, even if a large amount of the clutter
signal remains. The maximum cutoff frequency CF . repre-
sents the upper limit of the threshold of the cutoff frequency
and the minimum cutoft frequency CF,,,, represents the lower
limit of the threshold.

In one embodiment, a velocity v of the blood flow may be
computed by the following equation.

ot i
_2c050f0

wherein 6 represents an angle between an ultrasound beam
and a flowing direction of the blood flow, ¢ is an acoustic
velocity, T, represent a Doppler shift frequency and £, repre-
sents a transmit frequency.

Assuming that the cutoff frequency is CF,, a detectable
velocity of the blood flow may be computed as the following
equation.
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Thus, if the minimum velocity v, of the blood flow to be
detected is determined, then the minimum cutoff frequency
CF,,,,, may be computed as the following equation.

CFyn = 2c080- f, - i )

c

Further, as described above, the maximum cutoff fre-
quency CF,, . may be determined to maximally remove the
clutter signal based on Doppler signal distribution on a fre-
quency domain. Also, the maximum cutoff frequency CF,,,,
may be empirically determined by considering components
on the clutter signal.

The coefficient adjusting section 132 is further configured
to determine an upper limit and a lower limit of a threshold of
the stopband attenuation according to a power of the Doppler
signal. In one embodiment, the coefficient adjusting section
132 is configured to compute a power of the Doppler signal
for each pixel. The coefficient adjusting section 132 is also
configured to determine a maximum power as maximum
stopband attenuation SBA , . and a minimum power as mini-
mum stopband attenuation SBA, ... The coeflicient adjusting
section 132 is configured to determine the maximum stop-
band attenuation SBA,, .. as an upper limit of the threshold of
the stopband attenuation and to determine the minimum stop-
band attenuation SBA , , as a lower limit of the threshold of
the stopband attenuation.

Further, the coefficient adjusting section 132 is configured
to determine first coordinates and second coordinates on a
coordinate system associating the cutoff frequency with the
stopband attenuation. The first coordinates are determined by
the lower limit of the threshold of the stopband attenuation
and the lower limit of the threshold of the cutoff frequency,
while the second coordinates are determined by the upper
limit of the threshold of the stopband attenuation and the
upper limit of the threshold of the cutoff frequency.

The coefficient adjusting section 132 is further configured
to set a path between first and second coordinates (SBA,,,,.,
CF,.,»and (SBA, ., CF . Referring to FIG. 5, if the path
is set like path A, then the blood flow of weak amplitude may
be more clearly indicated while the performance of removing
the clutter signal is degraded. If the path is set like path C, then
ahigh performance of removing the clutter signal is expected.
However, the blood flow signal of weak amplitude may be
attenuated so that loss of information on the blood flow may
be increased. Thus, an appropriate path may be close to path
B at which the cutoff frequency and the stopband attenuation
are proportional to each other. As for the path B, the stopband
width may be a constant form at each cutoff frequency. Also,
a more appropriate path may be set by using empirical meth-
ods.

The coefficient adjusting section 132 is configured to set
the stopband attenuation for each pixel according to ampli-
tude of the clutter signal contained in the Doppler signal,
which is provided from the Doppler signal forming section
131. The coefficient adjusting section 132 is configured to
compute the cutoff frequency for each pixel corresponding to
the stopband attenuation for each pixel based on the propor-
tional path set between the first coordinates (SBA,,,, CF,....)
and the second coordinates (SBA,,, ... CF,,..)- The coefficient

Taxd
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adjusting section 132 is configured to adjust the cutoff fre-
quency of the clutter filter based on the computed cutoff
frequencies.

In one embodiment, the coefficient adjusting section 132
may be configured to be at least one of the filter coefficients of
the clutter filter such as cutoff frequency and stopband attenu-
ation in response to the second user request, which is pro-
vided by the user input unit 110.

The filtering section 133 is configured to perform clutter
filtering upon the Doppler signal for each pixel by using the
stopband attenuation and the cutoff frequency, which have
been adjusted for each pixel in the coefficient adjusting sec-
tion 132, to remove the clutter signal therefrom.

The noise removing section 134 is configured to set a
predetermined power threshold to remove a noise signal from
the Doppler signal in which the clutter signal has been filtered
out. In such a case, if the filtering section 133 is configured to
decrease the amplitude of the clutter signal instead of com-
pletely removing the clutter signal during the clutter filter,
then the clutter signal may be removed together with the noise
signal in the noise removing section 134.

The image forming section 135 is configured to form a
Doppler mode image by using the Doppler signal in which the
clutter signal and the noise signal have been removed. The
image forming section 135 may be configured to perform
various processing such as scan conversion and the like to
form the Doppler mode image.

Referring back to FIG. 1, the display unit 140, which is
coupled to the processing unit 130, is configured to display
the Doppler mode image. The display unit 140 may include at
least one of a cathode ray tube display, a liquid crystal display,
an organic light emit diode display and the like.

In another embodiment, there is provided a computer-read-
able storage medium storing instructions that, when executed
by a computer, cause the computer to provide a method of
spatially compounding ultrasound images based on a plural-
ity of ultrasound frame data sets acquired from a target object
and at different steering angles of scan lines in an ultrasound
system, the method comprising: setting a plurality of masks
corresponding to the respective frames based on the plurality
of ultrasound frame date sets for removing seam artifact to
form a plurality of mask images corresponding to the respec-
tive frames; forming a plurality of ultrasound images corre-
sponding to the plurality of frames based on the plurality of
frame data sets; and spatially compounding the plurality of
ultrasound image based on the plurality of mask images to
form an ultrasound spatial compound image.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An ultrasound system, comprising:

aprobe configured to transmit ultrasound signals to a target
object and receive ultrasound echoes reflected from the
target object to thereby acquire ultrasound data; and

aprocessing unit connected to the probe and configured to:

15

20

25

30

35

40

45

60

65

8

form a Doppler signal corresponding to each of a plurality
of pixels constructing a Doppler mode image based on
the ultrasound data,

adjust coefficients of a clutter filter based on characteristics
of the Doppler signal for each of the pixels for perform-
ing clutter filtering upon the Doppler signal, the coeffi-
cients including a cutoff frequency and stopband attenu-
ation,

determine minimum and maximum cutoff frequencies and
minimum and maximum stopband attenuations based
on the characteristic of the Doppler signal,

determine, on a coordinate system associating the cutoff
frequency with the stopband attenuation, a first coordi-
nate having the minimum cutoff frequency and the mini-
mum stopband attenuation and a second coordinate hav-
ing the maximum cutoff frequency and the maximum
stopband attenuation,

determine a path connecting the first coordinate and the
second coordinate, and

set a particular stopband attenuation and a particular cutoff
frequency for a particular pixel according to an ampli-
tude of a clutter signal contained in the Doppler signal
and the path connecting the first coordinate and the
second coordinate.

2. The ultrasound system of claim 1, wherein the process-

ing unit includes:

a coefficient adjusting section configured to analyze the
characteristics of the Doppler signal for each of the
pixels to adjust the coefficients of the clutter filter;

a filtering section configured to perform the clutter filtering
upon the Doppler signal for each of the pixels by using
the adjusted coefficients to remove the clutter signal
from the Doppler signal; and

anoise removing section configured to set a predetermined
power threshold to remove a noise signal from the Dop-
pler signal with the clutter signal filtered out.

3. The ultrasound system of claim 2, wherein the coeffi-

cient adjusting section is configured to:

set the minimum and the maximum cutoff frequencies
based on a range for removing the clutter signal, and

determine the minimum and the maximum stopband
attenuations based on a power of the Doppler signal.

4. The ultrasound system of claim 3, wherein the coeffi-
cient adjusting section is configured to set a maximum power
of the Doppler signal as the maximum stopband attenuation
and a minimum power of the Doppler signal as the minimum
stopband attenuation.

5. The ultrasound system of claim 4, wherein:

the coefficient adjusting section is configured to determine
the path connecting the first coordinate and the second
coordinate to be a proportional path between the first and
second coordinates, and

the stopband attenuation is an independent variable and the
cutoff frequency is a dependent variable.

6. The ultrasound system of claim 5, wherein the process-
ing unit is configured to determine the particular stopband
attenuation for the particular pixel based on the amplitude of
the clutter signal and to determine all the particular cutoff
frequency corresponding to the determined particular stop-
band attenuation on the path connecting the first coordinate
and the second coordinate to adjust the cutoff frequency of the
clutter filter.

7. The ultrasound system of claim 6, further comprising a
user input unit connected to the probe and configured to
receive a user request for adjusting the stopband attenuation
and the cutoff frequency, wherein the coefficient adjusting
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section is configured to adjust the adjusted stopband attenu-
ation and the cutoff frequency in response to the user request.
8. A method of adaptively performing clutter filtering,
comprising steps of:
a) acquiring ultrasound data indicative of a target object;
and
b) forming a Doppler signal corresponding to each of a
plurality of pixels constructing a Doppler mode image
based on the ultrasound data; and
¢) adjusting coefficients of a clutter filter based on charac-
teristics of the Doppler signal for each of the pixels for
performing clutter filtering upon the Doppler signal, the
coefficients including a cutoff frequency and stopband
attenuation,
wherein the step ¢) comprises:
determining minimum and maximum cutoff frequencies
and minimum and maximum stopband attenuations
based on the characteristics of the Doppler signal,
determining, on a coordinate system associating the cutoff
frequency with the stopband attenuation, a first coordi-
nate having the minimum cutoff frequency and the mini-
mum stopband attenuation and a second coordinate hav-
ing the maximum cutoff frequency and the maximum
stopband attenuation, and
determining a path connection the first coordinate and the
second coordinate,
setting a particular stopband attenuation and a particular
cutoff frequency for a particular pixel according to an
amplitude of a clutter signal contained in the Doppler
signal and the path connecting the first coordinate and
the second coordinate.
9. The method of claim 8, wherein the step c¢) includes:
cl) analyzing the characteristics of the Doppler signal for
each of the pixels to adjust the coefficients of the clutter
filter;
c2) performing the clutter filtering upon the Doppler signal
foreach ofthe pixels by using the adjusted coefficients to
remove the clutter signal from the Doppler signal; and
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¢3) setting a predetermined power threshold to remove a
noise signal from the Doppler signal with the clutter
signal filtered out.

10. The method of claim 9, wherein the step c1) includes:

determining the minimum and the maximum cutoff fre-
quencies based on a range for removing the clutter sig-
nal; and

determining the minimum and the maximum stopband
attenuations based on a power of the Doppler signal.

11. The method of claim 10, wherein the step c1) includes:

determining a maximum power of the Doppler signal as the
maximum stopband attenuation; and

determining a minimum power of the Doppler signal as the
minimum stopband attenuation.

12. The method of claim 11, wherein the step c1) further

includes:

determining the path connecting the first coordinate and
the second coordinate to be a proportional path between
the first and second coordinates,

wherein the stopband attenuation is an independent vari-
able and the cutoff frequency is a dependent variable.

13. The method of claim 12, wherein the step ¢) includes:

determining the particular stopband attenuation for the
particular pixel based on the amplitude of the clutter
signal; and

determining all the particular cutoff frequency correspond-
ing to the determined stopband attenuation on the path
connecting the first coordinate and the second coordi-
nate to adjust the cutoff frequency of the clutter filter.

14. The method of claim 13, further comprising:

receiving a user request for adjusting the stopband attenu-
ation and the cutoff frequency; and

adjusting the adjusted stopband attenuation and the cutoff
frequency in response to the user request.

15. A non-statutory computer-readable storage medium
storing instructions that, when executed by a computer, cause
the computer to provide the method of adaptively performing
clutter filtering upon in an ultrasound system, the method
comprising claim 8.
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