US 20100280384A1

12) Patent Application Publication o) Pub. No.: US 2010/0280384 A1

a9y United States

SONG et al.

(43) Pub, Date: Nov. 4, 2010

(54) CLUTTER SIGNAL FILTERING USING
EIGENVECTORS IN AN ULTRASOUND
SYSTEM

(76) Inventors: Seong Ho SONG, Suwon-si (KR);

Tae Yun Kim, Seoul (KR)

Correspondence Address:
JONES DAY

222 EAST 41ST ST

NEW YORK, NY 10017 (US)

(21) Appl.No:  12/769,411

(22) Filed: Apr. 28,2010

(30) Foreign Application Priority Data
Apr. 30,2009 (KR) .ocoocvevcrcciccnnes 10-2009-0038079
Dec. 22,2009  (KR) .o, 10-2009-0128886

Publication Classification

(51) Int.Cl

AGIB 8/00 (2006.01)
(52) USuCl oo 600/453
(57) ABSTRACT

Embodiments for setting eigenvectors for clutter signal filter-
ing from Doppler signals in an ultrasound system are dis-
closed. In one embodiment, the ultrasound system includes: a
Doppler signal acquisition unit configured to transmit and
receive ultrasound signals to and from a target object to
acquire first Doppler signals; and a processing unit config-
ured to compute a plurality of eigenvectors by using the first
Doppler signals and form second Doppler signals corre-
sponding to directions of the computed eigenvectors, the
processing unit being further configured to compute compo-
nent values of the second Doppler signals and set eigenvec-
tors for clutter signal filtering among the plurality of eigen-
vectors by using the computed component values.
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CLUTTER SIGNAL FILTERING USING
EIGENVECTORS IN AN ULTRASOUND
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application Nos. 10-2009-0038079 and 10-2009-
0128886 filed on Apr. 30, 2009 and Dec. 22, 2009, respec-
tively, the entire subject matters of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasound signal
processing, and more particularly to clutter signal filtering
upon Doppler signals using eigenvectors in an ultrasound
system.

BACKGROUND

[0003] Recently, anultrasound system has been extensively
used in the medical field due to its non-invasive and non-
destructive nature. Modern high-performance ultrasound
imaging diagnostic systems and techniques are commonly
used to produce two- or three-dimensional ultrasound images
of internal features of patients. In order to provide the ultra-
sound images, the ultrasound system operates in various
image modes such as a brightness mode, a Doppler mode and
the like to acquire ultrasound images for diagnosis.

[0004] In the Doppler mode, the ultrasound system pro-
vides a color flow image visualizing velocities of moving
objects such as blood flow, heart, etc. The color flow image
may be formed based on Doppler signals obtained by alter-
nately transmitting and receiving ultrasound signals to and
from a target object at a pulse repetition frequency (PRF). The
Doppler signals may include low frequency signals (the so-
called clutter signals) due to the motion of a cardiac wall or
valve of a heart. The clutter signals may have amplitudes,
which are over 100 times than those of pure Doppler signals
indicative of velocities of the blood flow. The clutter signals
may be an obstacle to accurately detecting velocities of the
blood flow. Thus, it is required to remove the clutter signals
from the Doppler signals foraccurate velocity detection of the
blood flow. Since the eigenvector-based clutter filtering is
carried out by reflecting characteristics of the Doppler sig-
nals, the performance of the eigenvector-based clutter filter-
ing may exceed that of the infinite impulse response filtering.
Thus, it has been required to appropriately set eigenvectors
for the improved eigenvector-based clutter filtering.

SUMMARY

[0005] Embodiments for setting eigenvectors for clutter
signal filtering are disclosed herein. In one embodiment, by
way of non-limiting example, an ultrasound system includes:
a Doppler signal acquisition unit configured to transmit and
receive ultrasound signals to and from a target object to
acquire first Doppler signals; and a processing unit config-
ured to compute a plurality of eigenvectors by using the first
Doppler signals and form second Doppler signals corre-
sponding to directions of the computed eigenvectors, the
processing unit being further configured to compute compo-
nent values of the second Doppler signals and set eigenvec-
tors for clutter signal filtering among the plurality of eigen-
vectors by using the computed component values.
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[0006] In another embodiment, a method of setting eigen-
vectors in an ultrasound system providing a color flow image,
comprises: a) transmitting and receiving ultrasound signals to
and from a target object to acquire first Doppler signals; b)
computing a plurality of eigenvectors by using the first Dop-
pler signals; ¢) forming second Doppler signals correspond-
ing to directions of the computed eigenvectors and computing
component values of the second Doppler signals; and d)
setting eigenvectors for clutter signal filtering among the
plurality of eigenvectors by using the computed component
values.

[0007] TheSummary is provided to introduce a selection of
concepts 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 it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system

[0009] FIG. 2 is a block diagram showing an illustrative
embodiment of a Doppler signal acquisition unit shown in
FIG. 1.

[0010] FIG. 3 is a block diagram showing an illustrative
embodiment of a processing unit shown in FIG. 1.

[0011] FIG. 4 shows graphs indicative of component values
of the Doppler signals.

[0012] FIG. 5is a graph showing Doppler frequency esti-
mates of the Doppler signals.

[0013] FIG. 6 is a graph showing a trajectory of the phase
differences computed from the third Doppler signals, which
are clutter signals filtered by using two eigenvectors.

[0014] FIG. 7 is a graph showing a trajectory of the phase
differences computed from the third Doppler signals, which
are clutter signals filtered by using three eigenvectors.

DETAILED DESCRIPTION

[0015] A detailed description may be provided with refer-
ence 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.

[0016] Referring to FIG. 1, an illustrative embodiment of
an ultrasound system 100 is shown. As depicted therein, the
ultrasound system 100 may include a user input unit 110. The
user input unit 110 may allow a user to input a user instruc-
tion. The user instruction may include information on the
position and size of a region of interest (ROI) (e.g., a color
box), which the user wants to set on a brightness mode
(B-mode) image. The user input unit 110 may include at least
one of a control panel, a mouse, a keyboard, a touch screen,
etc.

[0017] The ultrasound system 100 may further include a
Doppler signal acquisition unit 120. The Doppler signal
acquisition unit 120 may be operable to alternately transmit
and receive ultrasound signals to and from a target object
(e.g., heart, blood flow, etc) in synchronization with a pulse
repetition frequency (PRF). The Doppler signal acquisition
unit 120 may acquire Doppler signals corresponding to the
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ROI based on the received ultrasound signals. The acquisition
of the Doppler signals will be described in detail by referring
to FIG. 2.

[0018] FIG. 2 is a block diagram showing an illustrative
embodiment of the Doppler signal acquisition unit 120.
Referring to FIG. 2, the Doppler signal acquisition unit 120
may include a transmit (Tx) signal generating section 121.
The Tx signal generating section 121 may be operable to
generate a plurality of Tx signals. The generation of the Tx
signals may be controlled by whether the current image mode
is a B-mode, a C-mode, a D-mode, etc. In one embodiment,
the Tx signal generating section 121 may generate Tx signals
for forming a color flow image within the ROI consisting of a
plurality of scan lines in the C-mode. The Tx signal generat-
ing section 121 may repeatedly generate the Tx signals based
on a predetermined ensemble number.

[0019] The Doppler signal acquisition unit 120 may further
include an ultrasound probe 122 containing a plurality of
elements for reciprocally converting ultrasound signals and
electrical signals. The ultrasound probe 122 may be operable
to transmit ultrasound signals into a target object in response
to the Tx signals. The ultrasound probe 122 may be further
operable to receive echo signals reflected from the target
object to thereby output electrical receive signals, which are
analog signals. The transmission and reception of the ultra-
sound signals are alternately carried out to output a plurality
of electrical receive signals.

[0020] The Doppler signal acquisition unit 120 may further
include a beam forming section 123. The beam forming sec-
tion 123 may be operable to convert the electrical receive
signals into digital signals. The beam forming section 123
may be further operable to apply delays to the digital signals
in consideration of distances between the elements and focal
points, thereby outputting digital receive-focused signals.
[0021] The Doppler signal acquisition unit 120 may further
include a Doppler signal forming section 124 that may be
operable to form Doppler signals based on the digital receive-
focused signals. In one embodiment, the Doppler signals may
include in-phase Doppler signals and quadrature phase sig-
nals. The Doppler signals may also include clutter signals.
Hereinafter, these Doppler signals may be referred to as “first
Doppler signals.” The Doppler signal acquisition unit 120
may form the first Doppler signals up to the predetermined
ensemble number for each of the scan lines within the ROI.
[0022] The ultrasound system 100 may further include a
processing unit 130 coupled to the Doppler signal acquisition
unit 120. The processing unit 130 may be operable to set at
least one eigenvector based on the first Doppler signals. The
processing unit 130 may be further operable to perform clut-
ter signal filtering upon the first Doppler signals by using
eigenvectors thereof to remove the clutter signals. The pro-
cessing unit 130 may be operable to form a color flow image
by using the Doppler signals from which the clutter signals
are filtered out. The operation of the processing unit 130 will
be described in detail by referring to FIG. 3.

[0023] FIG. 3 is a block diagram showing an illustrative
embodiment of the processing unit 130. Referring to FIG. 3,
the processing unit 130 may include a covariance matrix
computing section 131. The covariance matrix computing
section 131 may be operable to compute a covariance matrix
by using the plurality of first Doppler signals provided from
the Doppler signal acquisition unit 120. In one embodiment,
the covariance matrix computing section 131 may be oper-
able to select one of the scan lines, which are included in the
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ROI, and compute the covariance matrix by using the first
Doppler signals corresponding to all of the pixels on the
selected scan line. In another embodiment, the covariance
matrix computing section 131 may be operable to select one
of the scan lines, and compute the covariance matrix by using
the first Doppler signals corresponding to a predetermined
number of pixels on the selected scan line. In yet another
embodiment, the covariance matrix computing section 131
may be operable to compute the covariance matrix by using
the first Doppler signals corresponding to the entire pixels of
the scan lines on the ROI. The covariance matrix may be
computed by using various well-known methods. Thus, the
detailed descriptions thereof will be omitted herein.

[0024] For the sake of convenience, a method of computing
the covariance matrix by using the first Doppler signals cor-
responding to the entire pixels on the selected one scan line
will be described. The processing unit 130 may further
include an eigenvector computing section 132. The eigenvec-
tor computing section 132 may be operable to compute a
plurality of eigenvalues by using the computed covariance
matrix and eigenvectors corresponding to the respective
eigenvalues. The eigenvalues and eigenvectors may be com-
puted by using various well-known methods. As such, the
detailed explanations thereof will be omitted herein.

[0025] The processing unit 130 may further include an
eigenvector setting section 133. The eigenvector setting sec-
tion 133 may be operable to set at least one eigenvector for
performing clutter signal filtering upon the first Doppler sig-
nals by using the plurality of eigenvectors (or both eigenval-
ues and eigenvectors). In one embodiment, the eigenvector
setting section 133 may project the first Doppler signals cor-
responding to the respective pixels on the selected scan line
along the respective eigenvectors. Hereinafter, the projected
first Doppler signals will be referred to as “second Doppler
signals.” The second Doppler signals may be obtained as
many as the number of the eigenvectors. The eigenvector
setting section 133 may be operable to compute component
values from the second Doppler signals for the respective
pixels. In one embodiment, the component values may be
projected values of the second Doppler signals along the
respective eigenvectors. The component values (C,)) may be
computed by using the following equation.

Cy=Si*e; M

wherein S, represents a first Doppler signal corresponding to
an i* pixel and ¢, represents a i eigenvector.

[0026] For example, the eigenvector setting section 133
may be operable to compute an inner product through the
equation (1) for the first Doppler signals corresponding to the
respective pixels on the selected scan line and eigenvectors
e,-e,, computed in the eigenvector computing section 132,
thereby computing the component values of the second Dop-
pler signals for the respective pixels. The eigenvector setting
section 133 may be further operable to compute correlation
values between the component values of the first Doppler
signals and the component values of the second Doppler
signals (i.e., amplitudes of the first and second Doppler sig-
nals). The eigenvector setting section 133 may compare the
computed correlation values with a predetermined threshold
to detect the component values of the second Doppler signals
greater than the predetermined threshold. The eigenvector
setting section 133 may be operable to set the eigenvectors
corresponding to the detected component values as eigenvec-
tors for clutter signal filtering.
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[0027] FIG.4 shows graphs indicative of component values
of the Doppler signals. In FIG. 4, reference numerals “211-
220” show graphs indicative of component values of the
second Doppler signals (hereinafter, referred to as “first com-
ponent graphs”). Further, reference numeral “230” shows a
graph indicative of component values of the first Doppler
signals (hereinafter, referred to as “second component
graph”). In FIG. 4, a horizontal direction (X-axis) represents
positions of the pixels (i.e., depths) and a vertical direction
(Y-axis) represents the component values (i.e., amplitudes) of
the Doppler signals. The portions of relatively large compo-
nent values may correspond to blood vessels, which may be a
possible source of the clutter signals.

[0028] As such,in one embodiment, the eigenvector setting
section 133 may be operable to detect the component values
of the second Doppler signals whose correlation values are
greater than the predetermined threshold (e.g., the component
values corresponding to first graphs 219 and 220 in FIG. 4).
The eigenvector setting section 133 may be further operable
to set eigenvectors corresponding to the component values
ey-¢;, of the detected second Doppler signals as the eigen-
vectors for the clutter signal filtering.

[0029] FIG. 5 is a graph showing Doppler frequency esti-
mates of the Doppler signals. In FIG. 5, reference numeral
“310” represents Doppler frequencies of original Doppler
signals obtained at a vessel portion (i.e., first Doppler sig-
nals). Further, reference numeral “320” represents Doppler
frequencies of the Doppler signals resulting from the clutter
signal filtering upon the first Doppler signals using the eigen-
vectors e, and e, which are set in the eigenvector setting
section 133. Reference numeral “330” represents Doppler
frequencies of the Doppler signals resulting from the clutter
signal filtering upon the first Doppler signals using the eigen-
vector e;,, which has been set in the eigenvector setting
section 133. As shown in FIG. 5, the clutter signal filtering
using the eigenvectors e, and e, has a better performance
than the clutter signal filtering using the eigenvector e, .
[0030] Inanother embodiment, the eigenvector setting sec-
tion 133 may be operable to perform the clutter signal filtering
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setting section 133 may be operable to set an eigenvector,
which makes the phase difference kept to have the same sign,
as the eigenvector for the clutter signal filtering.

[0031] For example, assuming that blood flows at a con-
stant velocity during a scanning time, the phase differences of
the Doppler signals may not be changed. That is, the phase
differences may be maintained to have the same sign. The
eigenvector setting section 133 may be operable to perform
the clutter signal filtering upon the first Doppler signals by
using the eigenvector having the largest eigenvalue (e.g.,
eigenvector e, ,) among the plurality of eigenvectors e, to e,
to form the third Doppler signals. The eigenvector setting
section 133 may be further operable to compute phase differ-
ences between the third Doppler signals corresponding to an
n™ sample (or ensenible) and a (n+1)™ sample (or ensemble)
for each of the pixels. The eigenvector setting section 133
may be operable to detect a sign change of the detected phase
differences. If the detected sign change is not maintained in
the same sign, i.e., the sign is changed from plus (+) to minus
(-) or vice versa, then the clutter signal filtering may be
performed upon the first Doppler signals by using the eigen-
vectors having the first and second largest eigenvalues, e.g.,
eigenvectors e, and e, to form the third Doppler signals.
Thereafter, the eigenvector setting section 133 may be oper-
able to detect a sign change of the phase differences for the
third Doppler signals in the same manner described above.

[0032] FIG. 6 is a graph showing a trajectory of the phase
differences of the third Doppler signals, in which the clutter
signals are filtered by using two eigenvectors e, and e, . If the
sign change of the detected phase differences is not main-
tained in the same sign, as shown in TABLE 1, then the
eigenvector setting section 133 may be operable to perform
the clutter signal filtering upon the first Doppler signals by
using the eigenvectors having the first to third largest eigen-
values, e.g., eigenvectors eg-€,o, to form the third Doppler
signals. Thereafter, the eigenvector setting section 133 may
detect a sign change of the phase differences for the third
Doppler signals.

TABLE 1

Sign change of phase differences

Filtering with eigenvectors e; and e

Filtering with eigenvectors egto e,

upon the first Doppler signals by sequentially using the eigen-
vectors computed in the eigenvector computing section 132
to thereby form clutter signal filtered Doppler signals (here-
inafter, referred to as “third Doppler signals™). In this case, the
first Doppler signals may be filtered in an order determined by
the magnitudes of the eigenvalues of the respective eigenvec-
tors. The eigenvector setting section 133 may be further oper-
able to compute component values of the third Doppler sig-
nals for each of the pixels. In one embodiment, by way of
non-limiting example, the component values may be a phase
difference between third Doppler signals corresponding to an
n” sample (or ensemble) and a (n+1)” sample (or ensemble)
at each of the pixels, wherein n is a positive integer equal to or
greater than 1. The eigenvector setting section 133 may be
further operable to set eigenvectors for clutter signal filtering
by using the computed component values. The eigenvector

[0033] FIG. 7 is a graph showing a trajectory of phase
differences of the third Doppler signals, in which the clutter
signals are filtered by using the three eigenvectors ey toe,. If
it is determined that the sign change of the detected phase
differences is maintained in the same sign, i.e., the sign of the
phase differences is not changed, then the eigenvector setting
section 133 may set the eigenvectors of the eigenvectors e to
e, as the eigenvectors for the clutter signal filtering. In FIGS.
6 and 7, PCA represents an abbreviation of Principal Com-
ponent Analysis.

[0034] In one embodiment, although it is described above
that the eigenvectors for the clutter signal filtering are set by
using the eigenvectors in a magnitude order of the eigenvalues
of the entire eigenvectors in order to detect the sign change of
the phase differences, the setting of the eigenvectors for the
clutter signal filtering may not be limited thereto. In another
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embodiment, the eigenvectors for the clutter signal filtering
may be set by using the eigenvectors in a magnitude order of
the eigenvalues of the eigenvectors corresponding to the com-
ponent values eg-¢, , of the detected second Doppler signals in
FIG. 4.

[0035] The processing unit 130 may further include a fil-
tering section 134. The filtering section may be operable to
perform the clutter signal filtering upon the first Doppler
signals by using the eigenvectors set in the eigenvector setting
section 133. The processing unit 130 may further include an
image forming section 135. The image forming section 135
may be operable to form a color flow image by using the
Doppler signals with the clutter signals filtered.

[0036] The ultrasound system 100 may further include a
display unit 140. The display unit 140 may be embodied with
any display capable of displaying the ultrasound images such
as a B-mode image, a color flow image and the like. In one
embodiment, the display unit 140 may include at least one of
a CRT monitor, a LCD monitor and the like.

[0037] Although embodiments have been described with
reference 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:

a Doppler signal acquisition unit configured to transmit
and receive ultrasound signals to and from a target object
to acquire first Doppler signals; and

a processing unit configured to compute a plurality of
eigenvectors by using the first Doppler signals and form
second Doppler signals corresponding to directions of
the computed eigenvectors, the processing unit being
further configured to compute component values of the
second Doppler signals and set eigenvectors for clutter
signal filtering among the plurality of eigenvectors by
using the computed component values.

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

nent values include amplitudes of the second Doppler signals.

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

ing unit includes:

a covariance matrix computing section configured to com-
pute a covariance matrix by using the first Doppler sig-
nals;

an eigenvector computing section configured to compute
the plurality of eigenvectors based on the computed
covariance matrix; and

an eigenvector setting section configured to compute inner
product for the first Doppler signals and the plurality of
eigenvectors to compute the component values of the
second Doppler signals for respective eigenvector direc-
tions and set the eigenvectors for the clutter signal fil-
tering among the plurality of eigenvectors based on
component values of the first Doppler signals and the
component values of the second Doppler signals.
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4. The ultrasound system of claim 3, wherein the eigenvec-

tor setting section is configured to:

compute correlation between the component values of the
first Doppler signals and the component values of the
second Doppler signals,

detect the component values of the second Doppler signals
whose correlation is greater than a predetermined
threshold, and

set the eigenvectors corresponding to the detected compo-
nent values of the second Doppler signals as the eigen-
vectors for the clutter signal filtering.

5. The ultrasound system of claim 4, wherein the process-

ing unit further includes:

a filtering section configured to perform the clutter signal
filtering upon the plurality of first Doppler signals by
using the eigenvectors for the clutter signal filtering; and

an image forming section configured to form a color flow
image based on the clutter signal filtered Doppler sig-
nals.

6. The ultrasound system of claim 1, wherein the compo-

nent values include phase differences.

7. The ultrasound system of claim 6, wherein the process-

ing unit includes:

a covariance matrix computing section configured to com-
pute a covariance matrix by using the first Doppler sig-
nals;

an eigenvector computing section configured to compute
the plurality of eigenvectors based on the computed
covariance matrix; and

an eigenvector setting section configured to compute inner
product for the first Doppler signals and the plurality of
eigenvectors to compute the component values of the
second Doppler signals for respective eigenvector direc-
tions and set the eigenvectors for the clutter signal fil-
tering among the plurality of eigenvectors based on
component values of the first Doppler signals and the
component values of the second Doppler signals.

8. The ultrasound system of claim 7, wherein the eigenvec-

tor setting section is configured to:

compute phase differences between n” samples and (n+1)
™ samples of the second Doppler signals, whereinn is a
positive integer greater than 1, and

detect a sign change of the computed phase differences to
set the eigenvectors of which the sign change of the
phase differences uniformly maintains as the eigenvec-
tors for the clutter signal filtering.

9. The ultrasound system of claim 8, wherein the process-

ing unit further includes:

a filtering section configured to perform the clutter signal
filtering upon the plurality of first Doppler signals by
using the eigenvectors for the clutter signal filtering; and

an image forming section configured to form a color flow
image based on the clutter signal filtered Doppler sig-
nals.

10. A method of setting eigenvectors in an ultrasound sys-

tem providing a color flow image, comprising:

a) transmitting and receiving ultrasound signals to and
from a target object to acquire first Doppler signals;

b) computing a plurality of eigenvectors by using the first
Doppler signals;

¢) forming second Doppler signals corresponding to direc-
tions of the computed eigenvectors and computing com-
ponent values of the second Doppler signals; and
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d) setting eigenvectors for clutter signal filtering among the
plurality of eigenvectors by using the computed compo-
nent values.

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

computing covariance matrixes by using the first Doppler
signals: and

computing the plurality of eigenvectors by using the cova-
riance matrixes.

12. The method of claim 10, wherein the component values
include amplitudes of the second Doppler signals.

13. The method of claim 12, wherein the step ¢) includes
computing an inner product between the first Doppler signals
and the plurality of eigenvectors to compute the component
values of the second Doppler signals in respective directions
of the eigenvectors.

14. The method of claim 13, wherein the step d) includes:

computing correlation between the component values of
the first Doppler signals and the component values of the
second Doppler signals;

detecting the component values of the second Doppler
signals whose correlation is greater than a predeter-
mined threshold; and

setting the eigenvectors corresponding to the detected
component values of the second Doppler signals as the
eigenvectors for the clutter signal filtering.
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15. The method of claim 14, further comprising:

e) performing the clutter signal filtering upon the plurality
of first Doppler signals by using the eigenvectors for the
clutter signal filtering;

f) forming a color flow image based on the clutter signal
filtered Doppler signals; and

) displaying the color flow image.

16. The method of claim 10, wherein the component values
include phase differences.

17. The method of claim 16, wherein the step c) includes:

performing clutter signal filtering upon the first Doppler
signals by using the plurality of eigenvectors according
the magnitudes to form the second Doppler signals; and

computing phase differences between n” samples and
(n+1)" samples of the second Doppler signals, wherein
n is a positive integer greater than 1.

18. The method of claim 17, wherein the step d) includes
detecting a sign change of the computed phase differences to
set the eigenvectors of which the sign change of the phase
differences uniformly maintains as the eigenvectors for the
clutter signal filtering.

19. The method of claim 18, further comprising:

e) performing the clutter signal filtering upon the plurality
of first Doppler signals by using the eigenvectors for the
clutter signal filtering;

f) forming a color flow image based on the clutter signal
filtered Doppler signals; and

) displaying the color flow image.

® ok % ok %
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