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(57) ABSTRACT

There is disclosed an embodiment for adaptive clutter filter-
ing. A signal acquisition unit transmits and receives ultra-
sound signals to and from a target object to output baseband
1Q signals. A memory stores an error condition, a filter deci-
sion condition and information on at least two of filters for
filtering the baseband 1Q signals. A user interface receives a
filter selection condition for selecting at least two filters
among a plurality of filters stored in the memory. A processor
extracts at least two of filters from the memory according to
the filter selection condition and the error condition, decides
a filter among the extracted at least two of filters and filters the
baseband 1Q signals by using filter coefficients of the decided
filter.
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ADAPTIVE CLUTTER FILTERING METHOD
AND ULTRASOUND SYSTEM FOR THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Korean Patent
Application No. 10-2009-0123845 filed on Dec. 14,2009, the
entire subject matter of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

The present invention generally relates to ultrasound sys-
tems, and more particularly to an ultrasound system and
method for adaptive clutter filtering.

BACKGROUND

An ultrasound system has become an important and popu-
lar diagnostic tool due to its non-invasive and non-destructive
nature. The ultrasound system can provide high dimensional
real-time ultrasound images of inner parts of target objects
without a surgical operation. The ultrasound system may
operate in various image modes such as a brightness mode, a
Doppler mode and the like to acquire the ultrasound images
for diagnosis.

In the Doppler mode, the ultrasound system can provide a
color Doppler mode image that visualizes velocities of mov-
ing objects (e.g., blood flow, heart, etc.) or scattered objects.
The color Doppler mode image includes a power mode image
visualizing powers of Doppler signals as two-dimensional
(2D) distribution and a velocity mode image visualizing
velocities of the moving objects, which may be computed
from the Doppler signals, as 2D distribution. The color Dop-
pler mode image not only visualizes the blood flow in real
time but also represents a status of the blood flow at a wide
range from the blood flow of a high velocity in a large vessel
to the blood flow of a low velocity in a small vessel.

The Doppler signals may include low frequency signals
(so-called clutter signals) due to motion of a cardiac wall or
valve of a heart. The clutter signals can be an obstacle to
accurately detecting velocities of the blood flow. Thus, the
ultrasound system may employ a clutter filter to remove the
clutter signals.

The clutter signals are typically distributed at the low fre-
quency band and pure Doppler signals are typically distrib-
uted at a high frequency band. Thus, a high pass filter may be
used to extract the pure Doppler signals. Since the clutter
signals have higher amplitude than the Doppler signals, it is
required to use a high pass filter of good performance to
extract the pure Doppler signals.

SUMMARY

An embodiment for adaptive clutter filtering is disclosed
herein. In one embodiment, by way of non-limiting example,
an ultrasound system may include: a signal acquisition unit
configured to transmit and receive ultrasound signals to and
from a target object to output baseband In-phase Quadtrature
(1Q) signals; a memory configured to store an error condition,
a filter decision condition and information on at least two
filters for filtering the baseband IQ signals; a user interface
configured to receive a filter selection condition for selecting
at least two filters among a plurality of filters stored in the
memory; and a processor configured to extract at least two
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2

filters from the memory according to the filter selection con-
dition and the error condition, decide a filter among the
extracted at least two filters and filter the baseband IQ signals
by using filter coefficients of the decided filter.

In another embodiment, a method of implementing adap-
tive clutter filtering may comprise: transmitting and receiving
ultrasound signals to and from a target object to output base-
band IQ signals; receiving a filter selection condition for
selecting at least two filters among a plurality of filters stored
in a memory, wherein the memory comprises the filter selec-
tion condition, an error condition and a filter decision condi-
tion; extracting at least two filters from the memory according
to the filter selection condition and the error condition; decid-
ing a filter among the extracted at least two filters based on the
filter decision condition; and filtering the baseband IQ signals
by using filter coefficients of the decided filter.

This 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 a signal acquisition unit in FIG. 1.

FIG. 3 is a graph showing an example of a response curve
of a high pass filter.

FIG. 4 is a schematic diagram showing an example of a
filter table.

DETAILED DESCRIPTION

This detailed description is 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.

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system. As depicted therein, the ultra-
sound system 100 may include a signal acquisition unit 110,
a memory 120, a user interface 130, a processor 140 and a
display unit 150.

The signal acquisition unit 110 may be configured to trans-
mit and receive ultrasound signals to and from a target object
to thereby output baseband IQ) signals to be used in forming
frames. The frames may include color Doppler mode image
frames.

FIG. 2 is a block diagram showing an illustrative embodi-
ment of the signal acquisition unit 110. The signal acquisition
unit 110 may include a transmit (Tx) signal generating sec-
tion 111, an ultrasound probe 112 having a plurality of trans-
ducer elements (not shown), a beam former 113 and a IQ
signal forming section 114.

The Tx signal generating section 111 may be configured to
generate Tx signals. The Tx signal generating section 111
may generate the Tx signals and apply delays to the Tx signals
in consideration of distances between the respective trans-
ducer elements and focal points for acquiring ultrasound
images indicative of the target object. The ultrasound images
may include the color Doppler mode image.

The ultrasound probe 112 may include the plurality of
transducer elements for reciprocally converting between
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electrical signals and ultrasound signals. The ultrasound
probe 112 may transmit ultrasound signals to the target object
in response to the Tx signals provided from the Tx signal
generating section 111. The ultrasound probe 112 may
receive ultrasound echo signals reflected from the target
object to thereby output the received signals. The transmis-
sion and reception of the ultrasound signals may be sequen-
tially and iteratively carried out to form the received signals.
The received signals may be analog signals. The ultrasound
probe 112 may include a three-dimensional mechanical
probe, a 2D array probe and the like. However, it should be
noted herein that the ultrasound probe 112 may not be limited
thereto.

The beam former 113 may convert the received signals
provided from the ultrasound probe 112 into digital signals.
The beam former 113 may apply delays to the digital signals
in consideration of distances between the transducer elements
and focal points to thereby output digital receive-focused
signals.

The 1Q signal forming section 114 may perform decima-
tion on the digital receive-focused signals to thereby form the
baseband 1Q signal. The baseband 1Q signal may include
clutter signals due to reflection of the ultrasound signals from
stationary or slowly moving tissues, Doppler signals due to
the reflection of the ultrasound signals from blood flow, and
noise signals. The decimation is a technique for reducing the
number of samples of the baseband 1Q signal.

Referring back to FIG. 1, the memory 120 may store a
plurality of filter coefficients of a plurality of filters for clutter
filtering. The filter coefficients may be determined and stored
according to various storage conditions such as filter types,
filter orders, ensemble numbers, cutoff frequencies, stopband
attenuations, stopband widths, passband gains, passband
ripples and the like. The ensemble numbers may represent the
number of transmission and reception of the ultrasound sig-
nals for acquiring the Doppler signals of a scanline.

FIG. 3 is a graph showing an example of a response curve
of a high pass filter. The graph may show a stopband to be
removed after the clutter filtering, a passband to be remained
after the clutter filtering, a transition band between the stop-
band and the passband, a stopband attenuation indicative of a
gain of the stopband and a passband ripple. The filter may
include a finite impulse response (FIR) filter, an infinite
impulse response (IIR) filter, and a regression filter and the
like. In the case of using the IIR filter, various initialization
techniques may be used to remove a transient state. The
initialization techniques may include zero, step, exponential,
and projection initialization techniques and the like. The
regression filter may be classified into a polynomial regres-
sion filter, a sinusoidal regression filter and the like according
to a basis function thereof.

FIG. 4 is a schematic diagram showing an example of a
filter table, which shows filters determined according to the
ensemble number and the cutoff frequency at a stopband of 60
dB. In the filter table shown in F1G. 4, Filter_A may be one of
a 1st order projection-initialized 1IR Butterworth filter to a
10th order projection-initialized IIR Butterworth filter, Filter
B may be one of a 1st order projection-initialized IIR Elliptic
filter to a 10th order projection-initialized IIR Butterworth
filter, Filter_C may be a modified polynomial regression fil-
ter, and the Filter_D may be a modified sinusoidal regression
filter. But, the filter types may not be limited thereto. In one
embodiment, it may be possible to add a new filter to the filter
table or delete a filter from the filter table.

The memory 120 may store information on an error con-
dition for determining filters that are matched corresponding
to a filter selection condition. The error condition may be
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indicative of a specific filter property and inputted through the
user interface 130 when extracting filters from the filter table.
In one embodiment, the error condition may include a per-
missible matching range, e.g., +/-10% with respect to the
filter selection condition.

Furthermore, the memory 120 may store information on
filter decision condition for deciding one of the filters selected
according to the filter selection condition and the etror con-
dition. In one embodiment, the filter decision condition may
include a condition for selecting a filter having the widest
stopband, a condition for selecting a filter having the narrow-
est transitionband, a condition for selecting a filter having the
best phase response and the like.

The user interface 130 may receive the filter selection
condition for selecting at least two filters among a plurality of
filters stored in the memory 120. The filter selection condition
may be a condition for selecting whole or partial filter coef-
ficients stored in the memory 120. The filter selection condi-
tion may be defined by specifying the ensemble number, the
cutoff frequency, the stopband attenuation, the filter order, the
passband ripple and the like. In one embodiment, the
ensemble number may be in a range of 2-32, the cutoff fre-
quency may be ranging from 0.05 Hz to 0.44 Hz, the stopband
attenuation may be ranging from 40 dB to 100 dB, and the
filter order may be in a range of 1-10.

The processor 140 may extract filters from the filter table
stored in the memory 120 by using the filter selection condi-
tion and the error condition and decide a proper filter among
the extracted filters by using the filter decision condition. The
processor 140 may filter the baseband IQ signals by using the
filter coefficients of the decided filter to thereby extract the
Doppler signals from the baseband IQ signals. The processor
140 may form the color Doppler mode image by using the
extracted Doppler signals. The color Doppler mode image
includes a power mode image that visualizes powers of Dop-
pler signals as two-dimensional (2D) distribution and a veloc-
ity mode image that visualizes velocities of the moving
objects, whose velocities may be computed from the Doppler
signals, as 2D distribution. Because the clutter signal
included in the baseband 1Q signal is mostly spread through
low frequency band while the Doppler signal is spread
through high frequency band, the processor 140 may filter the
baseband 1Q signal by using a high pass filter to extract the
Doppler signal.

The display unit 150 may display the color Doppler mode
image formed by the processor 140. The display unit 150 may
include a cathode ray tube (CRT) display, a liquid crystal
display (LCD), an organic light emitting diodes (OLED) dis-
play and the like.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” “illustrative
embodiment,” etc. means that a particular feature, structure or
characteristic described in connection with the embodiment
is included in at least one embodiment of the present inven-
tion. The appearances of such phrases in various places in the
specification are not necessarily all referring to the same
embodiment. Further, when a particular feature, structure or
characteristic is described in connection with any embodi-
ment, it is submitted that it is within the purview ofone skilled
in the art to affect such feature, structure or characteristic in
connection with other embodiments.

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-
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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:

asignal acquisition device, including at least an ultrasound
probe, configured to transmit and receive ultrasound
signals to and from a target object to output baseband
In-phase Quadrature (1Q) signals;

amemory configured to store a filter table, an error condi-
tion, a filter decision condition and information on a
plurality of filters for filtering the baseband 1Q signals;

auser interface unit, connected to the memory, configured
to receive a filter selection condition for selecting at least
two filters among the plurality of filters stored in the
memory; and

a processor, connected to the memory, configured to
extract at least two filters from the filter table according
to the filter selection condition and the error condition,
select a filter among the extracted at least two filters and
filter the baseband 1Q signals by using filter coefficients
of the selected filter.

2. The ultrasound system of claim 1, wherein the signal

acquisition device comprises:

a transmit (Tx) signal generator connected to the ultra-
sound probe and configured to generate Tx signals,
wherein the ultrasound probe is configured to transmit
ultrasound signals to the target object in response to the
Tx signals and receive ultrasound echo signals reflected
from the target object to output the received signals;

a beam former, connected to the ultrasound probe, config-
ured to convert the received signals into digital signals
and apply delays to the digital signals in consideration of
distances between transducer elements and focal points
to output digital receive-focused signals; and

an 1Q signal former, connected to the ultrasound probe,
configured to perform decimation on the digital receive-
focused signals to form the baseband IQ signal.

3. The ultrasound system of claim 1, wherein the filter
selection condition is defined by at least one of an ensemble
number, a cutoff frequency, a stopband attenuation, a filter
order and a passband ripple.

4. The ultrasound system of claim 1, wherein the error
condition includes a permissible matching range with respect
to the filter selection condition.

5. The ultrasound system of claim 1, wherein the filter
decision condition includes one of a condition for selecting a
filter having a widest stopband, a condition for selecting a
filter having a narrowest transitionband and a condition for
selecting a filter having a desired phase response, with respect
to each other.
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6. An adaptive clutter filtering method in an ultrasound
system including a signal acquisition device comprising at
least an ultrasound probe, a memory, a user interface unit
connected to the memory, and a processor connected to the
memory, the method comprising:

transmitting and receiving, by the signal acquisition

device, ultrasound signals to and from a target object to
output baseband In-phase Quadrature (1Q) signals;

receiving, by the user interface unit, a filter selection con-
dition for selecting at least two filters among a plurality
of filters stored in the memory, wherein the memory
stores the filter selection condition, an error condition
and a filter decision condition;

extracting, by the processor, at least two filters from a filter
table according to the filter selection condition and the
error condition;

selecting, by the processor, a filter among the extracted at
least two filters based on the filter decision condition;
and

filtering, by the processor, the baseband IQ signals by using
filter coefficients of the selected filter.

7. The method of claim 6, wherein the transmitting and
receiving ultrasound signals comprises:

generating, by the signal acquisition device, transmit (Tx)
signals;

transmitting, by the signal acquisition device, ultrasound
signals to the target object in response to the Tx signals
and receiving ultrasound echo signals reflected from the
target object to output the received signals;

converting, by the signal acquisition device, the received
signals into digital signals and applying delays to the
digital signals in consideration of distances between
transducer elements and focal points to output digital
receive-focused signals; and

performing, by the signal acquisition device, decimation
on the digital receive-focused signals to form the base-
band 1Q signal.

8. The method of claim 6, wherein the filter selection
condition is defined by at least one of an ensemble number, a
cutoff frequency, a stopband attenuation, a filter order and a
passband ripple.

9. The method of claim 6, wherein the error condition
includes a permissible matching range with respect to the
filter selection condition.

10. The method of claim 6, wherein the filter decision
condition includes one of a condition for selecting a filter
having a widest stopband, a condition for selecting a filter
having a narrowest transitionband and a condition for select-
ing a filter having a desired phase response, with respect to
each other.
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